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PREFACE  TO  THE  SECOND  EDITION. 


Since  the  publication  of  the  first  edition,  about  two  years  ago, 
surgery  has  progressed  in  almost  every  direction,  and  several  of  the 
chapters  have  needed  extensive  alterations  and  additions  to  bring  them 
up  to  date.  The  entire  book  has  been  carefully  revised,  not  only  by 
the  individual  authors,  but  by  the  editors,  and  special  effort  has  been 
made  to  bring  the  work  down  to  the  present  day.  Since  the  publica- 
tion of  the  first  edition  the  knowledge  in  regard  to  military  and  naval 
surgery,  the  effect  upon  the  human  body  of  various  kinds  of  bullets, 
and  the  results  of  surgery  in  the  field  have  been  largely  added  to 
through  the  Spanish-American  War  and  the  war  in  South  Africa. 
The  chapters  on  Military  and  Naval  Surgerj-  have  therefore  been 
verj'  extensively  revised  and  rewritten.  The  chapter  on  Diseases  of 
the  Lymphatic  System  has  been  completely  rewritten  and  brought 
up  to  date.  Of  special  importance  in  this  chapter  is  the  Surgery  of 
the  Spleen.  The  chapter  on  Surgery  of  the  Kidney  has  been  exten- 
sively revised.  Furthermore,  the  addition  of  a  large  number  of  new 
cuts  serves  to  make  the  text  more  lucid. 

The  editors  regret  to  record  the  death  of  two  of  the  original  con- 
tributors, Dr.  Christian   Fengcr  and   Dr.  Charles  A.  Siegfried,  U.  S.  N, 

The  editors  desire  to  acknowledge  their  indebtedness  to  Dr.  Farrar 
Cobb,  for  valuable  aid  in  preparing  this  edition  for  the  press. 

J.  COLLINS  WARREN. 
A.   PEARCE  GOL'LI). 


PREFACE. 


In  presenting  a  new  work  on  surgery  to  the  medical  profession  the 
editors  feel  that  they  need  offer  no  apology  for  making  an  addition  to 
the  list  of  excellent  works  already  in  existence.  Modern  surgery  is 
still  in  the  transition  stage  of  its  development.  The  art  and  science  of 
surgery  are  advancing  rapidly,  and  the  number  of  workers  is  now  so 
great  and  so  widely  spread  through  the  whole  of  the  civilized  world 
that  there  is  certainly  room  for  another  work  of  reference  which  shall 
be  untrammelled  by  many  of  the  traditions  of  the  past,  and  shall  at 
the  same  time  present  with  due  discrimmation  the  results  of  modem 
progress. 

Their  aim  has  been  to  produce  a  reliable  text-book  of  surgery 
embodying  a  clear  but  succinct  statement  of  our  present  knowledge 
of  surgical  pathology,  symptomatology,  and  diagnosis,  and  such  a 
detailed  account  of  treatment  as  to  form  a  reliable  guide  to  modem 
practice.  While  not  aiming  at  the  merely  novel,  they  have  carefully 
omitted  antiquated  methods,  and  they  hope  that  the  reader  will  find  in 
these  pages  only  what  is  practically  useful  to-day. 

The  ever-widening  field  of  surgery  has  been  developed  largely 
by  special  work,  and  this  method  of  progress  has  made  it  practically 
impossible  for  one  man  to  write  authoritatively  on  the  vast  range  of 
subjects  embraced  in  a  modern  text-book  of  surgery.  In  order,  there- 
fore, to  accomplish  their  object,  the  editors  have  sought  the  aid  of 
men  of  wide  experience  and  established  reputation  in  the  various  de- 
partments of  surgery,  and  they  most  gratefully  acknowledge  the  very 
able  assistance  received  from  them.  The  editors  have  endeavored,  by 
means  of  careful  scrutiny  of  the  manuscripts,  to  secure  uniformity  of 
standard  and  teaching. 

The  work   is  so  arranged   that   Volume    I.   is   devoted   chiefly  to 
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General  Surgery,  and  Volume  II.  to  the  various  branches  of  Special 
Surgery — a  plan  well  adapted  to  the  present  needs  of  both  the  student 
and  the  practitioner. 

It  is  with  deep  regret  that  the  editors  are  obliged  to  record  the 
death  of  one  of  their  contributors,  Dr.  John  B.  Hamilton  of  Chicago. 

The  editors  take  this  opportunity  to  express  their  obligations  to 
Dr.  F.  B.  Lund  of  Boston  for  his  able  assistance  in  the  work  of  editing 
these  volumes. 

J.  COLLINS  WARREN, 
A.  PEARCE  GOULD. 
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CHAPTER    I. 

SURGICAL   BACTERIOLOGY. 

A    BRIEF    STATEMBNT   OF    THE    ESSENTIALS    IN   SURGICAL 
BACTERIOLOGICAL  PROCESSES. 


QCIWral  Principle^.— Iterurc  enlcring  upon  the  discusaiun  of  \he  [tcbtiic  lo  he 
einiiloyrti  iti  NUt^irnl  1 1.11-1  rnttUifjii-al  wtirlc,  iIkii^  are  a  few  grnrrnl  conM<lrniliont  that 
should  be  emplmuxed.  Of  thcK.  (>eriiai»  one  of  the  nao«t  Jmpoitant  i>  ibe  fact  ihot  t)«c- 
Irna  <>f  any  kittil.  jiollioi^triiiv  nixl  tiiiii  |)altiiigi-niir,  <!(>  nul  ihuh  nif  mnisl  mrfHCr!i.  'I'he^ 
pnictk-al  »':iiluc  tif  ihis  ubwrrvalion  lies  in  ihc  Icdchini;  thai  floors,  latk-s,  aiul  fMrnitun:  in 
the  operaUtig-nwun  ^IujuM  lie  tttiiiiscJ  witlj  a  iiiuiit  luwcl,  mujf,  i>r  «tlicT  tilriiMJ,  ihc  belief 
to  prevent  ilte  lising  and  dlss^mi nation  of  dust-particles,  so  often  shown  to  be  the  cairicn 
of  Ihe  tNictrTia. 

Stmctore  and  Classification.— The  structure  of  the  bacteria  is 
simply  cell -membrane  and  prutoplasni,  and  they  are  not  possessed 
of  organs  of  digestion  oi-  of  generation.  Roughly  speaking,  they 
are  classified,  for  medical  purposes,  as  follows:  Cells  which  have  all 
diameters  tlie  same — the  spherical  forms,  or  the  mkroiocci ;  those 
in  which  one  diameter  is  longer  than  any  of  the  others,  and  at  the 
same  lime  not  curved — tlic  bacilli ;  and  those  in  which  one  diameter 
is  longer  than  the  others,  and  is  more  or  less  sharply  ctirvcH — the 
spirilla.  (Tliis  grouping  is,  of  course,  of  the  roughest,  from  a  botan- 
ical point  of  view.)  The  /fr,rlo/nninf  of  the  bacteria  occurs  in  two 
ways:  by  transverse  suhilivision  in  one  or  more  planes  at  the  same 
time,  and  by  spore- formation.  The  mirrococci  develop  by  transverse 
subdivision  in  one  or  more  directions  j  if  in  one  plane  only,  and  if 
tlicre  is  an  incomplete  separation  of  the  two  daughter-cells,  a  diplo- 
coccus  i.s  formctl,  and  if  this  growth  and  incomplete  separation  con- 
tinue in  the  same  jjlane,  a  chain  is  produced — a  atreptococcus ;  if  not 
in  the  same  plane,  but  in  irregular  pl;ines.  a  zuoglea  mass  is  formed, 
whilst  if  the  separation  is  comi>lete.  there  results  the  grouping  of  the 
sttiphvlacoccus.  If  the  development  is  in  two  planes  at  right  angles  to 
each  other,  four  cells  are  produced  from  one  mother-cell — a  method 
of  de\-elopment  of  which  the  M.  tetragenus  is  an  example;  and  if  this 
growth  takes  place  in  three  planes  at  the  same  time,  when  incomplete 
separation  occurs,  as  is  usually  the  case,  the  sarcina  is  (he  result.  The 
development  of  the  bacilli  is  similar  .so  far  as  it  goes;  that  is  tn  say, 
it  occurs  by  transverse  subdivi.sion.  Now,  this  subdivision  is  in  one 
direction  only,  and  that  never  in*  the  line  of  the  length  of  the  rod. 
Subdivi.sion.  however,  is  not  the  only  method  of  development  of  the 
bacilli.  In  certain  conditions,  usually  those  unfavorable  to  rapid 
gn»wth,  certain  highly  refractive  bodies  make  ihrir  appearance,  tisually 
at  the  poles  or  the  center  of  the  rod,  which  then  may  tlisapjicar  entirely, 
leaving  only  these  highly  refractive  and  generally  oval-shaped  bodies, 
which  are  extremely  resistant  to  destructive  agencies.     These  bodies 

IT 
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are  spans,  and  form  the  resting  and  resisting  stage  of  the  develop- 
ment of  many  bacilli. 

Whether  the  surgeon  has  to  do  with  a  process  set  up  by  a  spore- 
bearing  or  a  non-spore-bearing  micro-organism  may  often  be  a  matter 
of  practical  importance,  as  influencing  the  adaptation  of  means  to  an 
end  in  the  measures  necessary  for  securing  sterilization  of  the  field  of 
operation  or  the  secretions  and  material  obtained  from  it.  Spore-pro- 
duction has  not  been  observed  with  certainly  among  the  micrococci  or 
among  the  spirilla — certainly  not  among  the  varieties  that  are  suf- 
ficiently common  in  surgical  affections  to  make  them  factors  that  must 
be  reckoned  with. 

Lastly,  the  spirilla  develop,  so  far  as  is  known,  by  transverse  sub- 
division only,  and  this  division  of  the  mother-cell  occurs  at  the  junc- 
tion of  two  curves  only,  so  that  the  young  cells  of  the  class  of  the 
spirilla  often  present  the  appearance  of  short  curved  rods — an  appear- 
ance which  very  quickly  disappears  under  favorable  conditions  of 
growth. 

These  conditions  of  groivth  are  to  be  considered  under  food-supply, 
temperature,  light,  moisture,  and  gaseous  surroundings. 

The  food-supply  is  obtained  by  the  bacteria  by  the  breaking  up  of 
the  extremely  complex  organic  substances  that  form  the  bodies  of 
plants  or  animals  dead,  or  which  are  excreted  by  them  while  still  alive. 
Whilst  it  is  true  that  the  artificial  food-supply  of  bacteria  cannot  imi- 
tate at  all  perfectly  that  which  they  find  for  themselves  under  natural 
conditions,  the  adaptability  of  many  varieties  renders  it  more  possible 
to  study  them  under  artificial  conditions  than  would  otherwise  be  the 
case.  In  general,  the  bacteria  require  certain  of  tlie  albumins  or  car- 
bohydrates for  their  nutrition ;  and  for  the  study  of  the  pathogenic 
varieties,  the  nearer  their  artificially  prci>ared  nutrient  material  ap- 
proaches to  that  upon  which  they  naturally  thrive,  the  better  will  be 
the  results.  For  this  reason  preparations  from  fluids  or  tissues  of  the 
animal  body  are  more  advantageous  for  the  study  of  the  bacteria  than 
are  mixtures  that  must  be  made  up  more  or  less  empirically. 

Besides  the  necessity  for  a  supply  of  certain  amounts  of  carbon, 
hydrogen,  nitrogen,  proteins,  etc.,  certain  general  conditions  must  be 
fulfilled  to  permit  the  development  of  the  bacteria,  pathogenic  or  other- 
wise. They  must  have  a  certain  amount  of  moisture;  for,  whilst  it  is 
true  that  simple  drying,  even  prolonged  over  a  term  of  years,  does  not 
kill  some  kinds  of  bacteria,  especially  tliose  that  produce  spores,  it  is 
equally  true  that  no  development  of  these  minute  bodies  will  go  on 
under  a  total  absence  of  moisture.  So,  also,  the  presence  or  absence 
of  certain  gases  has  a  marked  influence  upon  the  growth  of  certain 
kinds  of  bacteria.  In  the  case  of  oxygen  this  influence  is  so  marked 
that  an  attempt  has  been  made  to  draw  a  sharp  line  of  division 
between  the  aerobic  (needing  oxygen)  and  the  anaerobic  {requiring  the 
absence  of  oxygen)  bacteria.  The  latter  division  does  not  include 
many  varieties  that  have  been  studied,  or,  indeed,  whose  existence  has 
been  revealed  to  us  by  our  present  means  of  obser\^ation,  especially  in 
surgery.  Some  of  them,  moreover, — for  example,  the  Bacillus  tetani, 
-—are  of  great  importance. 

Temperature  is  another  of  the  general  conditions  that  must  be 
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reckoned  with  to  secure  pro{Jcr  comlitions  for  the  growth  of  the  bac- 
teria. By  far  the  larger  part  of  them  flourish  well  at  a  temperature  of 
between  20^  and  25'^  C. ;  those  that  produce  pathogenic  change  in  liv- 
ing tissue  must  be  able  to  flourish  at  a  higher  degree  of  heat  than  this. 
and  most  of  them  will  grow  best  at  37*^-38"  C.  Above  the  highest 
and  below  the  towesl  of  these  limits  practically  no  growth  occurs. 
Some  observations  record  development  of  certain  bacteria  as  high  as 
70°  C.  and  as  low  as  5°  C.  but  no  indication  of  development  of  any 
of  the  [lathogenic  species  h.is  been  obtained  at  or  near  cither  of  these 
points.  An  important  practical  conclusion  to  be  drawn  from  our 
knowledge  of  the  cfTcct  of  temperature  on  tlie  vitality  of  the  bacteria  is, 
on  the  one  hand,  tiiat  cold  lioes  not  destroy  them,  even  wlicn  applied 
under  condilinns  entirely  beyond  those  that  occur  in  actual  life.  A 
case  in  ijoinl  is  Koch's  experiment  of  placing  the  cholera  spirillum  at 
—32*^  C.  without  affecting  its  developing  powers  when  brought  back 
to  normal  conditions.  On  the  other  hand,  a  ver\'  moderate  degree  of 
heat  is  suflicient  to  kill  most  bacteria,  very  few  of  them  being  able  to 
withstand  so  low  a  temjjcnitiire  as  57*  C.  if  applied  for  a  suflicienl 
length  of  time  (the  destruction  of  spores  requires  a  much  higher 
degree  of  heat). 

Light  is  another  of  the  general  conditions  that  has  an  influence 
upon  the  growth  of  bacteria,  and  Ic  has  been  shown  that  the  effect  of 
direct  sunlight  is  very  hurtful  to  the  vitalit)'  of  many  kinds  of  bacteria. 
It  is  certain  tiiat  the  thickness  of  the  medium  in  which  the  bacteria 
are  has  much  lo  do  uith  the  intensity  of  the  effect  of  sunlight  upon 
them;  and  it  is  still  an  ojKrn  question  whether  much  of  the  cfiect  of 
sunlight  l>c  not  due  lo  the  heat  of  the  rays  and  their  dr)nng  effect 
(depriving  the  bacteria  of  moisture).  Tlic  more  recent  investigations 
with  the  Rontgcn  rays  give  promi.sc  of  valuable  practical  results. 

The  movements  of  bacteria,  when  they  are  present  at  all.  arc  affected 
in  many  ways:  of  course,  by  e.vtretues  of  heat  and  cold,  which  must 
more  or  less  influence  their  \'itality;  but  (»f  special  importance  is  the 
chemiotactk  influence  cff  certain  salts  and  other  materials,  manifested 
by  an  attracting  or  repellent  action  toward  the  bacterial  cells.  This 
positive  or  negative  chemiotaxis  is  of  the  same  n.iture  as  that  seen  in 
the  case  of  the  cells  of  the  tissues.  leukocytes  and  others,  in  response 
to  the  irritant  action  of  chemicals,  injuries,  or  even  of  the  bacteria. 

Although  disease  is  all  that  concerns  us  here,  ihe  txicteria  are  aciivc 
in  many  other  processes.  Properly  looked  at.  disease  is  but  another 
name  for  a  perfectly  nornwl  function,  the  bacteria  producing  the  disease 
doing  so  simply  because  they  find  in  the  ti.ssues  in  which  they  grow 
the  nutrition  necessar)-  for  that  growth.  This  nutrition  they  secure  by 
breaking  up  the  C4iniplex  materials  of  which  the  tissues  arc  composed 
or  upon  which  they  are  fed.  Infectious  diseases  and  their  products  are 
therefore  really  the  waste  results  of  bacterial  growth. 

The  methods  by  which  the  b,icteria  produce  their  effect  in  the 
body,  vcrj'  briefly  stated,  are  a.*;  follows: 

It  was  formerly  supposed  that  the  results  seen  in  bacterial  disease 
were  due  entirely  to  the  direct  action  of  the  bacteria  themselves.  This 
position,  however,  very  quickly  became  untenable,  for  innumerable 
phenomena  were  observed  that  were  inexplicable  upon  this  ground,  if 
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the  bacteria  themselves  were  to  be  looked  upon  as  anything  but  accom- 
paniments of  the  disease-process.  Other  explanations  were  therefore 
sought  and  obtained.  The  influence  of  the  bacterial  cell  itself  in  the 
production  of  morbid  phenomena  is  very  slight.  In  a  few  cases  there  is 
an  actual  mechanical  action  exerted  by  the  overwhelming  of  special  locali- 
ties by  masses  of  bacterial  ceils,  and  a  resultant  interference  with  the 
function  of  the  part,  or  possibly  a  destruction  due  to  pressure.  This, 
however,  is  not  often  seen.  There  occurs  also  an  absorption  by  the  bac- 
teria of  nutrition  meant  for  the  tissue-cells,  and  in  this  way  a  destruction 
of  these  tissue-cells  that  might  be  spoken  of  as  starvation.     Neither  of 


Fig.  I. — Apparatus  for  using  Chambcrland  filter,  with  glass  tube  inverted  over  filter,  act- 
ing by  capillary  attraction,  so  that  the  whole  filtering  surface  tn.iy  be  in  use.  as  suggested  by 
Dr.  J.  L.  Goodalc,  and  applied  in  the  Bacteriological  Laboratory  of  Harvard  Mcdic.-il  School. 

these  actions,  however,  is  sufficient  to  explain  by  far  the  vast  majority 
of  the  phenomena  seen  as  the  result  of  bacterial  growth.  The  general 
process  may  be  made  clear  by  the  supposition  that  the  bacteria,  during 
their  development,  take  from  the  complex  compounds  in  their  neigh- 
borhood certain  chemical  elements  that  are  necessary  for  their  own 
nutrition.  Thus  there  are  left  other  elements  in  a  condition  of  unstable 
equilibrium.  These  elements  combine  in  the  ways  necessary  to  satisfy 
this  unstable  condition.  As  a  result  of  this  combination  new  com- 
pounds are  formed,  some  more  simple,  others  more  complex  than  the 
originals.   Among  these  new  compounds  there  occur,  in  many  instances 
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of  bacterial  growth,  some  that  arc  cxtrcmdy  hurtful  to  the  tissues  in 
\»'hich  they  arc  found.  These  arc  the  toxins  of  which  so  much  Is  now 
said,  and  it  is  to  these  toxins  and  their  action  upon  the  Uving  tissues 
that  are  due  most  of  the  harmful  results  that  arc  seen  to  follow  bac- 
terial growth. 

The  occurrence  of  variation  among  bacteria  has  been  a  matter  of 
much  discussion.  The  general  conclusion  seems  now  to  be  justi5able 
that  only  minor  variations  occur,  and  that  there  is  a  definite  t\'pe  of 
structure  and  of  function  to  wltich  each  bacterium  tends  to  return. 

Methods  of  Cultivation, — For  a  full  description  of  these  metJi- 
ods  the  student  must  turn  to  the  larger  text-books. 


k! 


Flf>.  S. — Chmmbcriaiul  ftltrr  in  littnp-ohimncy  for  filtrHng  £in«ll  quMndlln  of  fluid  (redrawn 

from  Muirnnd  Riichic). 


A*  prriimituiry  to  llie  nbtaJnlnf;  of  a  pure  culture,  thi-  ve»eU  ctmlRlnlne  Hir  niilrlrnt 
medii.  and  ihi-*'-  mHi.»  thrm^clvcx.  mu^t  he  cnmpl^ioly  fr*c<t  fn^ni  any  form  of  tMctcnum. 
TluK  is  StorllizaUofl,  itml  iioy  l*c  secufw]  by  the  u!«  of  heat  in  ils  various  f(inn\  by  the 
UK  of  chrnuraN,  nnil,  in  ihr  ra««  of  fluiHs,  by  fillralion. 

thai  inay  be  applied  hr>t  by  direct  exp(i*ure  \»  the  luked  lUme :  [nuiblv  with  knivci. 
fcimorit.  ptalinum  wires  etc.,  and  for  huming  infccliou^  matrrial.  SecorKi,  by  ibc  u<w  of 
hn>tc*l  air,  at  in  ibe  case  of  (be  hot-air  chamber,  in  which  ihc  temjicnituic  nuiy  be  raised  to 
ft  high  deforce  by  the  cxtcriul  ap|>)icalion  of  the  heat ;  ihi«  method  '\s  applicable  to  the 
tteiiliuilioB  of  gluBw«re,  inummentii,  etc.  Third,  moiit  heat,  otthi-r  dire<:t  boiliDg  of  durdi 
in  suitable  Testes  (  which  is  not  Miti'ifailoTy  whi-rr  !f|>titr-bcarin);  b.ictenu  arv  I »  be  destroyed), 
or  by  the  use  of  tieam  under  Tarying  decree*  of  prcMure.  .Sletun-heat  ufider  prcMure  ii 
the  most  efTcclivc  means  tinnirn  for  the  deolniction  of  bacteria.  Its  action  U  distinctly  iDore 
rajitd,  penetrating,  and  certain  Ihan  any  other,  and  for  its  uie  many  diffltrent  fomu  of^appa- 
raluft,  all  rxifenntc,  have  brcn  dcritrtl. 

i-iltra/it'f  lhrou{|;h  unj^la/rd  (xinelain  (the  f*haniberland  filter)  i>r  Ihniugh  liihctor  in- 
fgtorial  enrth  i«  employed  a*  a  miMn<  for  *ierili/ina  fluid*  wh<i*c  coniposiiion  i*  likdy  lo  be 
rhaninrd  by  llie  appticaliiin  uf  heul  |  Vi^.  l  and  2).  Moi!>t  heal  is  \isn\  for  Ihe  MeritinUiuo 
of  L-ufiunr- media,  and  for  the  trraimenl  of  infected  bedding,  clothing,  etc.  which  majr  be 
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desired  for  use  again.  Filtration  finds  its  application  in  the  separation  of  bacteria  from 
fluids  in  which  the  products  of  bacterial  growth  are  to  be  submitted  to  further  study. 

Ckemicah. — Sterilization  by  the  use  of  chemicals  is  possible  only  in  bacteriological  tech- 
nic,  where  the  instruments  or  glassware  so  treated  may  be  subjected  to  thorough  washing 
before  being  again  used.  But  chemicals  find  an  extremely  useful  place  in  the  sterilization 
of  discharges  of  various  kinds,  instruments,  vessels,  old  dressings,  etc. 

In  all  cases  in  which  it  is  desired  to  secure  sterilization,  and  to  keep  the  objects  sterilized 
free  from  further  contamination  by  living  forms,  means  to  this  end  must  be  taken.  This  is 
almost  universally  found  in  the  closing  of  the  neck  of  the  containing  vessel  with  cotton- 
wool. This  cotton-wout  stopper  is  not  meant  to  act  as  a  cork,  to  prevent  entirely  the  en- 
trance of  air ;  it  needs  merely  to  be  a  filter,  permitting  free  entrance  of  air,  but  filtering  out 
the  bacteria  and  moulds.  Used  in  this  way,  it  serves  as  a  perfect  protection  against  the 
entrance  of  the  bacteria  ;  at  the  same  time,  it  is  not  a  permanent  protection  against  moulds, 
which  after  a  time  will  grow  down  through  the  interstices  of  the  cotton,  their  spores  finally 
dropping  upon  the  nutrient  medium  below.     This  may  be  guarded  against  by  sprinkling  a 


KlG.  3. — Showing  the  ajiplication  of  a  Mariotle's  flask  to  a  hot  filter  for  keeping  the  water  at  a 
constant  level  (devised  by  H.  C.  Ernst). 


few  dipps  of  solution  of  corrosive  sublimate  upon  the  upper  surface  of  the  cotton,  and  cov- 
ering the  whole  with  a  rubber  cap,  the  latter  serving  also  to  prevent  the  evaporation  of  the 
moisture  that  would  otherwise  take  place. 

In  general,  sterilization  by  dry  heat  is  completed  by  exposure  for  an  hour  to  a  tempera- 
ture of  180"  C.  Boiling  for  five  minutes  is  sufficient  to  kill  no n- spore-bearing  bacteria. 
Steam  at  100°  C.  for  one  and  a  half  hours  is  enough  to  sterilize  any  nutrient  medium  ;  bat, 
as  gelatin  will  not  stand  this  amount  of  heat  without  losing  its  power  of  solidifying  on  cool- 
ing, intermittent  sterilization^twenty  minutes  at  a  time  on  three  successive  days — must  be 
resorted  to  where  this  material  is  concerned.  Sleam  under  pressure  at  120"  C.  (thirty 
pounds)  for  fifteen  minutes  is  .sufficient  to  destroy  all  sptires  or  bacteria.  The  special  pre- 
cautions to  be  taken  in  this  form  of  sterilization  (with  the  autoclave)  may  be  learned  from 
the  persons  supplying  the  apparatus. 

Nutrient  Media. — The  general  principles  to  be  observed  in  the  preparation  of  these 
media  is  that  they  must  resemble  as  closely  as  possible  those  upon  which  the  bacteria  ordi- 
narily dnurish.  By  far  the  most  common  of  the  nutrient  media  employed  is  nutrient  gtlatin, 
spoken  of  as  "  gelatin."     This  consists  of — 
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Meat- water, 

Sodium  chlori'l, 

Pepujoe.  dry  (Wide), 

Uelalin  (brKi  Fn:iicl)  ^old  label  | 


1000  c.c. ; 

5  gnj^  (as  percent.); 
10  giu*.  ( I  jier  Cent. )  ; 
100  gnis.  (10  per  cni(.). 


Mix.  vxtin  until  all  i;rlaliii  l^  ilivulved,  anil  neulmliic  cnrrfully  willi  11  Mturoicil  Milution  vi 
Mxliuin  cartKifiate.  Filler,  while  w«rm  (Vig,  31,  (hruiijth  tiller -pit  per,  and  pUcc  in  quanti- 
ties of  at)ou(  10  c.c.  in  tcst-tuljCK  plug^c<l  wtth  kullun-wuul  and  pTcTivu.'^ly'  steriliiced  l>y 
dry  heal  ( Kig.  4).  Stcriliie  by  suhjcciing  lo  steam  ni  loo'  C  for  tw«-nty  miniilps  upon 
lluee  sutcwMvc  days.  Sometime*  tlic  inixHirc  il<>« 
nrit  come  tlinmj;h  clear  at  rtrsl.  'ITiis  may  be  due  l« 
din  in  Ihc  porcsuf  llie  filtcr-iMiper  or  to  iticotnpleie 
rteiiiriilicilinn  ;  sometimes,  also,  it  does  not  come 
\^XK^  after  these  point*  liave  been  liHtki-^t  after,  whcrn 
it  may  be  clisireii  by  mtdini;  llie  white  uf  one  or  Iwo 
c{gi,  healing.  And  retillcnnj;  Soinoliiiie.i  the  yela- 
tiii  bccouies  clwwly  a/lei  iieing  plncetl  in  the  lc«t- 
tobes.  This  may  lie  »lur  tn  a  Inire  "f  atiJ  that  Is 
left  uti  (he  sLdcj  uf  tile  tuUes  as  llicy  cumc  from  the 
foclory.     The  danger  ^tftva  thi«  cnu!*?  may  ImsoIhjI' 

shed   by  thuToufihly  wa«hinK   the  le»t-luties  in  hoi 

rater  before  iismt;  tliem. 

Mtai-ioaUi;  which  is  ihc  basis  of  many  other 
media  besides  nutrient  gelatin,  i»  |>c«]xirc<l  a>  fi^LluWtt : 

Finc1y-<'bn]>pr«l  lean  meat,  50a  ^jai.  \ 

Water  (pure,  but  not  of  neccssilydistillcdi,  1000  c.c. 

Mix,  and  let  «land  in  a  enol  plare  |  in  Mimmer  in  the 

ice  ihe»i )  f<ir  iwenly  fi'ur  hours,  stirring  oct-aMuaally. 
'  Sir* in  through  fiiar%c  irliMh  bimI  under  preswire,  to 
ItxtrKt  all  tlic  mwi'tiirt.-  jKi<>sible.      If  (hi;  bulk  r*  not 

looo   r.c.   of    watrrv  eKinii'l.  atlil   riMuigh   water  lu 

bnng  it  up  tu  that  nmuunt.     Uuil  in  a  MSlcrbutl)  for 

an  hour;    tiliet  ihrottgh  cunrse  filtei-iMper.     Fmm 

this  meat-water  may  be  made  the  nutrient  Kelaliu 

mokm  of  above,  arid  Hutrient  bDmUifii,  which  con- 

usls  of — 

Meat -water,  lotx)  c.c. ; 

Sodium  cUlorid,  5c. c.  (0,5  percent.J  ; 

Peptone,  dr^-  {  Wil(c),    10  c.c.  (1  \)t%  cent.). 

Mi)i.      Neutralise   very   carefully   with  a   Mlureled 
M^utiun  of  Mnliiun  rariM>rmle,  added  drop  by  dr(t|>  at 

.fltc  line  is  approached,    until   red    litmus  is  turned 
Jighlly  blue,  and  blue  litmu>  is  m-t  turned  red  (to 

^(Hd  the  amplioteric  reaction).     This  bouillcm  may 
Lep(  in  bulk  in  Haski  or  be  placed  iti  tcot-tube*!, 

'%vtA  steriliied  by  steam  al  loo^  C.  for  an  hour  and  a 
half,  or  by  stenin  under  prcwurc. 

For  the  study  of  bacteria  al  the  lemmrotUTv  of 
the  hixly  there  i»  nfleft  iieMeit  a  metlium  Inat  is  more 
Risy  of  pre]Kiratii>n  than  blood  tern ni.  Such  a  me- 
dium is  found  in  nuiricnt  ii^ar-n^itr,  Thi«  i«  prc- 
piueil  imrcisely  as  is  nuliient  gelatin.  excet>ting  that 

In  the  place  of  the  10  per  ccni.  of  gel.ilin  ihere  i*  added  from  1  lo  1.5  per  ceriL  of  agar- 
■gar.  The  minluie  is  difhcull  lo  nuke  clear,  but  this  end  iitay  be  teatbe'l  by  the  addition 
of  the  white  of  an  egg  before  tillering,  or  by  ^training  two  or  mii>Te  limes  ihrouyh  filter- 
paprr.  Tu  lacilitale  fillcriiig,  ihc  whole  apparatus  may  be  placed  in  the  ttcain  iterilizer.  or 
in  ifaal  illusinited  in  Fig.  3. 

Glucxw  w^i/tti  are  often  uteful  for  special  purposes,  and  are  prepared  by  addtiig,  uMially, 
I  per  cent,  of  glucose  lo  the  diHereni  metlia  already  spoken  of. 

Whilsi  Ihes^  mixtures  are  necewarj-  adjuocu  u.  ihi?  study  of  ihe  biological  charaelen^ttc* 
of  all  baclenii,  certain  of  these  chnracteriMic»  are  not  so  well  oli»erve<i,  and  !^m»c  of  them 
are  imh  secit  at  all,  unless  a  solid  atbtiminiMis  maierial,  apjtroiaching  die  conditions  found  in 
Ibe  lianiM.  be  employed.  This  is  in  uo  way  m>  well  wcurcd  a!>  by  llie  u«<  of  />l,\\i arum. 
Thl»  fumislies  the  nraivsl  approach  to  the  ejemettis  fiturKt  in  the  living  tissue*  Un  the  iiutii* 
tioD  of  bacteria,  and  was  first  introduced  by  Koch  for  the  Mudy  of  llie  bacillus  of  tubeirolosis. 


Fig.  4,— Appomius  fur  filling   leii- 
lulicj. 
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The  blood  is  collected  under  as  nearly  as  possible  aseptic  conditions,  is  allowed  to  clot  in  a 
cool  place,  and  in  handling  is  shaken  as  little  as  possible.  At  the  end  of  twenty-four  or 
forly-eight  hours  the  serum  is  drawn  off,  placed  in  sterile  test-tubes,  and  sterilized  at  a 
temperature  of  57°  C.  for  aii  hour  each  day  during  six  days.  If  it  be  desired  to  use  the 
serum  in  its  fluid  condition,  it  is  now  ready  ;  but  if,  as  i.-i  usually  the  case,  it  is  desired  to  use 
it  as  B  solid  nutrient  medium,  it  may  be  solidihcd,  after  this  sterilization,  by  being  raised  to 
64°  or  66°  C.  for  several  hours  until  it  has  .solidified  ;  or  it  may  be  solidified  immediately 
after  being  placed  in  the  test-tubes  by  being  placed  in  an  Arnold  sterilizer,  in  which  case 
the  coagulation  and  the  sterilization  may  be  carried  on  at  the  same  time.  This  rapid  coagu- 
lation naturally  makes  the  blood-serum  opaque.  It  may  be  made  to  retain  its  Iranslucency 
by  taking  advantage  of  a  known  physiological  fact,  and  adding,  before  the  sterilization, 
from  ^u  (o  ^  of  I  per  cent,  of  a  caustic  alkali — either  sodic  hydrate  or  potassium  hydrate — 
the  amount  to  be  used  depending  upon  the  kind  of  animal  from  which  the  serum  was  drawn. 
The  addition  of  this  amount  of  alkali  will  enable  the  rapid  method  of  sterilization  of  blood- 
serum  to  be  adopted,  and  at  the  same  time  will  give  as  a  result  a  solid  medium  of  a  very 
considerable  degree  of  Iranslucency. 

Blood-serum  may  be  used  plain  or,  as  is  now  very  common,  in  the  form  of  Lofflet' s 
blood-serum  mixture,  consisting,  in  the  original,  of  3  parts  of  calves'  or  lambs'  blood-serum, 
to  which  has  been  added  I  part  of  bouillon  containing  I  per  cent,  of  glucose,  sterilized  as  for 
blood -serum,  ' 

The  difficulties  in  the  way  of  keeping  up  the  virulence  of  the  streptococci  have  led  to 
the  su^estion  of  a  number  of  different  media  for  this  particular  purpose,  and  of  these,  those 
of  Marmorek  seem  to  be  the  best.      His  media  are  made  by  mixing — 

1.  Human  blood-serum  2  parts,  nutrient  bouillon  I  part. 

2.  Pleuritic  or  ascitic  serum  I  part,  bouillon  2  parts. 

3.  Ass-  or  mule-serum  2  parLs,  bouillon  I  part. 

4.  Horse-serum  2  parts,  bouillon  I  part. 

Dunham's  peptone  solution,  useful  for  studying  the  indol  reaction,  is  prepared  by  adding 
I  per  cent,  dry  peptone  (the  best  is  Wilte's)  and  0.5  per  cent,  sodium  chlorid  to  distilled 
water.      Filter  after  the  solids  arc  dissolved,  place  in  sterilized  te.sl- 
tubes,  and  sterilize  by  steam  heat. 

Certain  characteristics  of  bacteria  are  best  shown  upon  starch- 
containing  materials,  and  this  starch -containing  nutrient  medium  is 
best  found  in  sterilized  potato.  The  potatoes  may  be  prepared  for 
use  most  easily  by  cutting  out  cylinders  with  an  ordinary  apple-corer. 
cutting  the  cylinder  into  two  wedge-shape<l  portions,  and  placing  them 
in  sterilized  lubes  with  some  form  of  support  (small  pieces  of  glass 
rod),  below  the  potato,  to  keep  it  from  the  bottom  of  the  tube,  and 
sterilizing  the  whole  for  at  least  an  hour  in  the  steam  sterilizer 
(Fig.  5)- 

Most  material  to  be  studied  bacteriological  I  y  contains  more  than 
one  kind  of  bacterium.  Some  method  for  separating  these  varietie.s 
must  therefore  be  adopted.  By  far  the  most  common  method  in  use 
is  that  of  plate-culture,  either  according  to  the  original  method  of 
Koch  (using  three  or  more  glass  plates),  or  a  more  common  method 
of  using  three  or  more  shallow  double  dishes,  the  so-calted  Petri 
dishes.  A  method  of  making  pi  ate- cultures  is  as  follows:  Melt 
three  or  more  tubes  of  nutrient  gelatin  ;  introduce  into  the  first  tube 
a  small  quantity  of  the  material  to  be  examined,  and  mix  it  thoroughly 
without  shaking,  so  as  to  prevent  the  formation  of  air-bubbles.  From 
this  first  dilution  transfer  two  platinum  loopfuls  of  the  mixture  to  a  .sec- 
ond tube,  and  mix  thoroughly.  From  this  second  tube  transfer  again 
two  loopfuls  to  ii  third  lube,  and  mix  thoroughly.  This  dilution  may 
be  carried  further  if  there  is  reason  to  supjm.se  the  existence  of  a 
large  number  of  bacteria  in  the  original  material,  or  a  number  of 
rapidly  growing  liquefying  bacteria.  The  dilutions  are  then  poured 
so  as  to  be  distributed  evenly  over  the  bottom  of  the  lower  of  the 
Petri  dishes,  are  covered  with  the  upper  one,  the  gelatin  is  allowed 
to  harden,  and  the  cultures  are  set  aside  for  further  observation. 

Esmarch's  roll-cultures  are  made  in  precisely  the  same  way,  so 
far  as  the  mixing  in  the  gelatin  is  concerned  ;  instead,  however,  of 
pouring  the  dilutions  either  upon  glass  plates  or  in  the  Petri  dishes, 
the  tubes  themselves  are  laid  almost  flat  upon  a  piece  of  ice  and  are 
rapidly  revolved.  The  gelatin  mixture  soli<ltties  ujxtn  the  .side  of  the 
tubes  themselves,  and  plate-cultures  art-  formed  in  the  tubes.  Plate  cultures  may  be  made 
with  nutrient  agar  as  with  nutrient  gelatin,  except  thai  care  must  be  taken  that  the  melted 
agar  is  not  so  hot  as  to  kill  the  bacteria  sought  for.     These  cultures  are  i>f  value  when  it 


h: 


Fig.  5.— Test-tube 
with  constriction  at 
boliomfor  supporting 
polnto-cultures  above 
the  water  of  conden- 
sation. Instead  of  the 
constriction,  a  small 
marble  or  a  piece  of 
glass  tubing  or  rod 
m.iy  be  used. 


is  desirctl  lo  tXudy  b«cteriA  at  the  u-mpcraturt  or  ihe  body.     So,  alto,  ii  Ktuniioa  of  bac> 
teria  may  be  m.-cuim1  wiili  a  nowl  dual  til  accuracy  by  ^pintding  tlic  tiialciial  lu  be  namlncd 

XD  a  Kurfacc  of  nutriem  agat  ar  nuirienc  blood- <i« rum,  or  upon  ihe  surface  of  blood-scnin) 
e9>     This  ipicadiiiK  is  dune  by  dipping  the  plalinum  wire  (Fig.  0]  into  the  infected 
tiMtenal  and  drawing  it,  in  iAKcesaive  ]>aral)cl   Unc^^  over  ihc  surface  of  the  nutcrial  as 


Flu.  6. — Pluiiiium  wire  swaged  into  hntss  wiiv,  ami  rcvi-ruMi-  fur  iranspuruition  (as 
d^visnl  liy  Dr.  j.  II,  Mcl'otlam.  nnd  used  m  tl)e  BncK-ri'ituf^lcnl  l^ibonitory  uf  the  Harvnrd 
Medical  School;,  j.  Cloiied.  >.  Open.  r.  Ilic  same  with  end  titnt  al  right  angles,  lur  pic kiNg 
Up  colonics  in  icsl'lube.     J.  T\w  uiitL-  in  uperatiim. 


many  times  as  may  be  po^bte.  Somiplimcs  ii  iji  nei-ewury  to  igMftf  pathi-igenlc  bat- 
leriaby  the  tnoculaiirm  nf  aminitl^  with  ihi-  mixture  of  bjicleria,  sod,  when  a  pailiciiUr 
diMSAc  appears,  obiain  pure  cultures  (nm}  the  tiwucs  of  ihe  animal  so  inoculated.  fVca- 
Miinally  alw  the  sc-ptraii<in  js  obtained  by  the  killing  of  Bon-s[>ore- ben  ring  fonnn  by  heat. 


Fig,  7. — Kipp'«  apparatus  (or  prtxlucing  hyUrugeii.  wiUi  wiuh-bottlea  attached. 

Certain  of  ifae  bacteria  grow  only  in  the  absence  of  otygen.  In  «ach  cases  it  is  n«ces- 
wiy  In  take  measures  for  the  exclusion  of  Ihe  oxygen.  This  may  be  dune  by  siibmiluting 
for  air  an  atmosphere  i>f  hydni|;cD — the  common  mHhod  adopted  (Fig.  7) ;  by  covering  the 
ordinary  needle -cult  ute  in  gelatin  or  agar  with  n  Uyer  of  ^rnlv  oil  or  an  added  amount  of 
the  eame  ntilrient  medium ;  or  by  a  fcrmcoution-tube,  a  mtadlfird  form  itf  which  it  &hown 
below  (rig.  8). 
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Hanging-drop  cultures,  frequently  necessary  for  the  purpose  of  studying  bacteria  alive, 

consist  simply  of  a  cell-slide  over  which  is 
placed  a  cover-glass,  on  the  under  surface 
of  which  is  suspended  a  drop  of  nutrient 
fluid  containing  some  of  the  bacteria  it  is 
desired  to  examine. 

The  filtration  of  cultures — that  is,  the 
removal  of  all  bacteria  from  fluids  in  which 
they  have  grown — is  accomplished  by  one 
of  the  many  forms  of  the  Chamberland  filter, 
through  tubes  of  unglazed  porcelain  or  infu- 
sorial earth. 

Cultures  are  usually  observed  at  a  tem- 
peralure  of  from  20°  to  22°  C,  which  is 
represented  by  the  average  temperature  of 
the  ordinary-  room ;  or  they  are  studied  at 
the  temperature  of  the  body,  which  is  ap- 
proximately 37.5°  C.  For  the  latter  pur- 
pose a  special  warm  chamber  is  necessary, 
of  which  there  is  a  large  number,  the  gen- 
eral principles  of  them  all  being  the  same. 

The  general  methods  for  the  study  of 
the  bacteria,  so  far  as  they  difl'er  from  Ibose 
of  ordinary  histological  work,  require,  in  the 
first  place,  a  good  microscope,  which  should 
include  coarse  and  fine  adjustment,  with  a 
homogeneous  immersion  lens,  and  a  sub- 
stage  condenser.  The  bacteria  may  be  ex- 
amined either  stained  or  unstained,  in  cover- 
glass  preparations  and  in  sections.  When 
bacteria  are  examined  unstained,  the  hang- 


ri(J.  8. — A  method  for  carrying  on  an- 
aerobic cultures  and  measuring  gas-production 
(as  devised  by  Frof.  Theobald  Smith). 


ing-drop  method  is  useful ;  for  stained  preparations  recourse  must  be  had  to  "cover-glass 
preparations."  Perfectly  clean  cover-glasses  are  used,  and  a  minute  portion  of  the  mate- 
rial containing  the  bacteria  is  placed  upon  one  of  them  and  spread  in  as  thin  a  layer  as 
possible,  either  by  means  of  a  platinum  wire,  or  by  placing  a  second  cover-glass  upon  the 
lirst,  pressing  the  two  ti^ether  very  gently,  and  drawing  them  apart  in  as  nearly  as  may  be 
the  same  plane.  The  material  is  allowed  to  dry  in  the  air,  and  the  cover-glasses  are  then 
passed  through  the  flame  of  a  Bunsen  burner  three  times,  so  as  to  fix  the  film  on  the  surface 
of  the  cover-glass  and  prevent  its  being  washed  ofl'.  In  the  case  of  blood  this  Bxation  is 
best  accomplished  by  placing  the  cover-glasses  in  a  hot-air  chamber  at  120°  C.  for  an  hour, 
or  by  immersion  in  a  strong  solution  of  corrosive  sublimate  for  two  or  three  minutes;  the 
cover-glasses  are  then  washed  and  dried.  Sometimes  also,  if  the  structure  of  the  tissue- 
cell  is  desired,  "corrosive"  films  may  be  substituted  for  the  dry  films.  These  films  arc 
prepared  by  placing  them,  white  still  wet,  in  a  saturated  solution  of  perchlorid  of  mercury 
in  0.75  per  cent,  of  sodium  chlorid  for  five  minutes,  then  for  half  an  hour  in  0.75  per  cent, 
sodium-chlorid  solution  to  wash  out  the  corrosive  sublimate  ;  they  are  then  washed  in  alco- 
hol, at  6rst  dilute,  then  stronger,  a  few  minutes  in  each  ;  after  this  they  may  be  stained  and 
examined  (Muir  and  Ritchie). 

For  bacteriological  purposes  tissues  are  be.st  hardened  in  absolute  alcohol.  The  mate- 
rial is  cut  into  pieces  from  l  to  2  c.c.  in  size,  and 
these  are  placed  in  absolute  alcohol,  which  is  to  be 
changed  on  successive  days  three  times  ;  the  tissue 
is  then  ready  for  cutting  with  any  of  the  apparatuses 
for  cutting  sections.  Sections  may  also  be  cut  from 
fresh  material  with  the  freezing  microtome.  Har- 
dened tissues  may  be  fixed  on  blocks  with  a  fe»r 
drops  of  celloidin  or  with  glycerin  jelly  (P'ig.  9). 
In  examining  bacteria  in  the  tis.'^ucs  the  object  is  to 
secure  sections  as  thin  as  possible,  not  covering 
very  large  areas. 

Staining. — The  staining  of  bacteria  is  almost 
a  science  by  itself,  and  it  has  only  been  since  the 
introduction  of  the  anilin  dyes  that  a  great  advance 
in  our  knowledge  of  the  bacterial  reactions  has 
been  made.  There  are  a  great  number  of  these 
dyes,  but  only  a  few  have  been  generally  a(io]>tcd  for  ordinary  bacteriological  work.  Of 
these,  there  are  the  two  classes,  the  basic  and  the  acid  dyes.      Of  the  basic  stains,  those 


Fli:.  9. — Tissues  for  section-cutting 
mounted  on  fiber  blocks;  stuck  on 
with  celloidin  (as  suggested  by  Dr. 
Henry  Jackson). 
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niMt  commonly  employed  aiv  Ihc  foltowinj; :  Gcniian  violrt,  which  stnins  very  rapidly,  and 
nuily  ovcr'>Uiiii> ;  methyl  violet,  with  Ihc  saioc  peculiarities  to  >  lcs»  dvurcc- ;  fucbMn, 
which  BIMDs  mtirr  slowly,  does  not  cn^ily  ovrr-suint  ami  k  murr  pi-tmancnt  than  ihe 
(WO  othen;  methylene  hloe,  which  stains  more  slowly,  «lmo<>l  nc%'cr  ovcr-slnins,  und  if 
Htivmely  laslinfi  ;  vmuvin,  01  Iii»marck  browti,  which  |^v»  a  ^ix>wn  stain  tlint  i^  not  ukh) 
miicli  now.  It«  lutcfulneM  licH  tti  the  fact  thai  )>rL'{iiarati<>iis  stained  with  ii  nrc  pei-uljatly 
well  adopted  to  phoiograpliy ;  but  tiiicc  the  itittxiduciKfn  of  urth^>chi\MiiAtic  plnttfit  Ihc  ncces- 
■ity  (iH'  i^ciol  &tAinin){  (>\  the  bacteria  U>r  photrigmphy  has  iiraL-ucnlly  disapncanxl.  Thr<i« 
are  the  couuiKin  baste  dye»  that  arc  employed  in  the  «lu<ly  af  bacteria.  Tbvy  tire  pi-cu- 
lUrly  liilnl  for  the  purgHi>e,  (or  tlie  reiLW>ii  tlial  tliey  have  a  apeciol  affinity  for  the  Btainiog 
of  the  ccll-uucici  of  tlic  liNsuc*  and  of  (he  bacteria. 

The  arid  dye^  rutriiiuitdy  u^etl  are  eosin,  ufranin,  arH)  picric  add.  These  dyes  ate 
employed  for  contrast- stains  becmiMr  they  have  an  especiiil  nfhtiily  for  ccll-pnHoplnKtn  and 
intiTccllulnr  subsUiico'.  and  nrc  ijjukeii  of  a>  diffuse  stain*.  The  variatiuii  in  anllin  dye% 
not  onlv  in  name  but  in  chemical  coiiipoi>itinn,  makes  il  of  tTn|MinAnce  th>it  dillrrent  ob- 
sctvept  should  UK  the  »auic  dye,  atiJ  (his  uniformity  of  staiiui  is  tu  \k  (>!>(aincd.  uppcicuilly, 
only  by  employing  those  prepared  by  (Jrilbler  of  LcipviL-.  It  i:s  to  be  remarked  alw  that 
all  anilin  colorft  dcgeaenie  more  or  Icm  rapidly  after  the  i>rigin,tl  package  is  opened,  so 
that  it  i&  advisable  to  procure  smull  ainouiUs  at  ^1  lime,  or  t"  keep  o|]eurd  [HickaKes  in  air- 
tight  veweJit.  So,  «I*o,  ii  i*  well  to  reinembrt  thnl  all  wihition*  of  tbe»«  dyes  sliould  be 
frc«hly  prepared,  saturnied  alcoholic  solutions  beinc  tUe  only  ones  that  cati  Iw  relied  upon 
to  keep  for  any  Irii^h  of  timr  The*e  ■■nturntejl  alcnh>-lic  uilittinn*  may  he  u««d  ns  Mock 
aoluliuns  from  nltivh  nil  the  various  MainiiiK  iiiixtvrev  ni&y  tie  prepared. 

The  ftft  and  nvn\  generally  usnl  of  the^e  stiiming  mixtures  i*  iiw  Jr/u/f  ahcheiie-  totif 
Hon,  conasling  of  i  part  of  the  strong  alcoholic  solution  filtered  into  2  parts  of  distilled 
water. 

The  staining  of  corrr-|i1us  preparations  may  be  accomplished  cither  by  AonlinK  the 
eorcr-elaMet  on  the  Muifoce  of  the  tluid  for  a  few  minute*,  or  by  tluwinf;  the  cuver.glass 
itself,  held  ID  fiweeps,  with  a  few  drops  of  the  stain.  After  r«posun;  to  the  reagent  for  a 
few  moment*— on  the  average  aljuut  live  minutes — the  covcr-^ln«»  is  to  be  thoroughly 
washed,  dried,  and  then  mounted  in  a  dn>pof  syhil  bnlaam.  'I1ic  xylol  Inlsom  miuit  b« 
ttse<l  in  baelcriolo^cai  wurk,  fur  the  reaMJu  tb»t  otiiei  solvents  of  Canada  balsam  diMoUc 
the  coloring  mailer  frt>m  ihc  bacteria  more  than  is  conducive  10  the  Iw.it  resnllv 

Frc<|Uonlly  bacteria  come  umter  observation  that  require  special  stains,  but  for  the  gen- 
eral staining  of  cover  gluvt  ]>rc']>amliiiTi)t  fur  the  tim]>le  dt'tenniiialinii  nf  the  presence  or 
abwiKe  of  bacteria  n  saturated  watery  solution  of  methylene  blue  will  be  fi^und  to  be  the 
iMSt  to  begin  with. 

Occasionally  it  is  necessary  to  tise  raordnnts  for  the  purpose  of  more  inleaicly  ftUining 
Ibc  bacteria.  The  use  of  mordants  u.sually  makes  neccMory  the  after- employ  men  I  of  s.^me 
deoolorieing  agent  to  take  awny  the  imense  luining  from  the  liuue*  and  leave  the  luicteHii 
more  prominenl.  The  cait>i.>lic  acid  in  the  carbol-fuchsin  mixtme  and  Uie  aniUn-oil  mixtures 
an  cxami>lesof  the  use  of  mordants ;  so  also  are  the  alkalies  ii«k1  in  the  prcjiamiifin  of 
certain  tiainit  bke  cauMii:  (loln^h  in  ilic  l^oHlcr'*  wilmion,  the  use  of  heat,  and  the  piolunged 
application  of  the  ordinary  staining  fluid  .'K«  deoolnriring  agenl.\  the  mineral  acid.-v  are 
in*-  slrongrtl,  vegetahlc  acids,  such  as  acetic  acid,  arc  next,  alcohol  next,  and  water  Init. 
For  Bectiou-i,  dehyib^itititi  anil  draring  are  eNsrnlial.  Dehydration  i«  accumpliihed  wilb 
abaolule  alcohol,  and  clearing  i*  attained  by  mmns  of  xylol,  which  i*  the  cheapest,  ot  hy 
oil  of  cedar,  which  is  llie  best — not  with  die  urdioary  clearing  reagents,  such  a*  oil  uf 
cloves,  because  the  latter  dciolori^rs  nm  much  the  Np«-cimen  stainrvl  with  the  aniiin  colors. 

Of  the  general  methods  used  for  staining,  other  tlian  the  single  dyes,  a  few  of  the  more 
are  these  : 

(t)   ^^^jl>r'r«/i<i//N^OT«Y4t-A'«^^w>-,  which  cotiiiM9  of  a  saturated  Bolnlion  of  ncthyleoe 
ac  in  alcohol,  jo  puts,  a  wlution   of  polaaaitim  liydimte  in  distilled  water  (1 :  10,000) 
100  parts. 

S0HU>m  nuy  be  stained  in  (his  mixtorc  for  from  fifteen  roinntcs  lo  seveni  hours  1  they 
are  then  lo  be  decolorired  with  ■,  m  i  per  rem.  acetic  acid,  waslied  in  water,  dehydrated 
in  alcohol  or  anilin  oil,  clearet)  in  xylol,  and  mounted.  Cvnfr-glau  preparations  may  be 
stained  in  fniin  Ave  minuter  to  half  an  hour  in  the  cnld. 

(31  Kdknt'i  MeihyUnr  ^//r?.— Methylene  blue  1. 5  grams:  absolule  alcohol  lo  cc.i 
earlxiltc  acid  Mitutiim  i  1  :  jo)  lOO  c.c,  Thi^  In  he  u**hI,  and  Ibe  d«i>|ori»itinn  carried  out 
nrrctsriy  a*  willt  the  preceding  ;  or  the  decoloricitig  niay  be  accomplished  with  very  dilute 
bjrdiTichloric  acid — 2  lo  j  dn«p*  in  a  watch  ■gla*«ful  of  water. 

(j)  7%/ <tm/iM-t(u//r  mrr/Mivj,  consisting  of  a  saturated  alcoholic  solutiOQ  of  gentian 
violet,  methyl  violet,  or  fiich^in  io  purtk.  nbMiIule  alcohol  tl  part*,  atiilin-waler  too  part*. 
The  anilin-water  is  simply  a  saiurateil  siiliilioti  of  anilin  oil  in  water,  and  is  made  by  shak* 
ttig  up  about  I  part  of  anilin  oil  to  30  part*  ••(  water  and  hltcniig  carefully.  Thew  anilin- 
water  mixtutcs  are  unstable,  aiM]  are  ta  be  made  fresh  as  often  as  ottoe  in  every  few  days. 
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(4)  Ca/'io/-/MMji>i  is  prepared  of  basic  fuchsin  I  part,  absolute  alcohol  10  parts,  and 
solution  of  carbolic  acid  {1  :  20)  100  parts.  This  is  a  very  strong  stain,  and  under  ordinary 
conditions  one  half  to  one  minute  is  sufficient  for  staining  cover-glasses.  It  is  so  i>trong  that 
it  does  not  lind  any  useful  application  in  the  staining  of  sections. 

Gram's  me/hod  of  staining  K  a.  useivA  one,  depending  upon  the  decolorizing  action  of 
the  so-called  Gram's  mixture,  consisting  of  resubllmated  iodin  I  part,  potassium  iodid  3 
parts,  distilled  water  300  parts.  The  action  of  this  solution  upon  tissues  containing  bacteria 
is  a  special  one,  in  thai  it  removes  the  first  stain  from  the  tissues  and  from  some  bacteria,  but 
not  others;  so  that,  as  in  the  case  of  the  gonococcus,  this  method  of  staining  furnishes  a  help 
toward  a  differential  diagnosis.  At  the  same  time  the  action  of  the  Iodin  solution  upon  (he 
bacteria  does  not  seem  to  be  a  true  decolorizing  action,  although  it  is  difficult  to  say  precisely 
what  it  is. 

A  method  of  applying  Gram's  method  is  to  stain  the  preparation  in  the  anilJn-oil  gentian- 
violet  mixture  for  about  five  minutes,  and  wash  in  water ;  then  transfer  to  Gram's  solution 
until  the  color  becomes  a  purplish  black  (generally  from  thirty  seconds  to  a  minute  is  suffi- 
cient); decolorize  with  absolute  alcohol  until  the  black  color  has  entirely  disappeared  and 
the  preparation  is  at  the  most  of  a  very  light  violet  color  ;  dehydrate  completely  ;  clear  ; 
then  mount.  Of  course,  in  the  case  of  cover-glass  preparations  the  specimen  is  merely 
washed  in  water,  dried,  and  mounted. 

Spore -staining. — Sometimes  it  is  of  advantage  to  stain  spores  that  under  ordinary  condi- 
tions do  not  take  the  coloring  matter.  An  effective  method  is  first  to  use  the  carbol-fuchan 
stain,  heating  over  the  tiame  of  a  Ilunsen  burner  for  from  fifteen  to  twenty  minutes ;  then 
decolorize  with  i  per  cent,  sulphuric  acid  in  water  for  a  few  .seconds  only  ;  wash  in  water ; 
contrast  stain  with  saturated  watery  methylene  blue  for  15  to  30  seconds ;  wash  carefully  in 
water  ;  dry  and  mount. 

The  staining  of  flagella  is  difficult,  but  as  this  has  also  been  used  for  purposes  of  differen- 
tial diagnosis,  a  brief  statement  of  the  method  may  not  be  inappropriate  here. 

The  first  and  best  method  is  that  of  Lofflcr.  In  all  cases  twenty-four-hour  cultures  upon 
agar  should  be  used  ;  the  cover-glass  should  be  thoroughly  cleaned  before  use  ;  and  the 
preparation  upon  the  cover-gla.ss  should  consist  of  the  minutest  possible  portion  of  the  cul- 
ture, diluted  as  much  as  may  be  in  a  drop  of  water. 

I^fller's  method  is  as  follows :  There  must  be  two  solutions. 

a.  The  mordant.  Add  to  10  c.c.  of  a  ao  per  cent,  solution  of  tannin  in  water  as  many 
drops  of  a  saturated  solution  of  ferrous  sulphate  in  water  as  will  give  the  whole  fluid  a  dark 
violet  tint.  To  this  add  3  to  4  c.c.  of  a  solution  made  by  boiling  I  gram  of  logwood  with 
8  c.c.  of  water  (after  boiling,  filter  and  add  enough  water  to  bring  up  to  g  c.c. ).  The  mix- 
ture of  the  tannin  solution  with  the  logwood  solution  is  of  a  dirty,  dark  violet  color,  and 
if  too  much  logwood  solution  be  added,  particles  are  precipitated  which  make  the  fluid  use- 
less as  a  mordant.  This  mordant  should  be  made  fresh  each  time  it  is  used,  although  the 
addition  of  4  to  5  c.c.  of  a  i  :  20  carbolic -acid  solution  makes  it  more  stable  without  injuring 
its  properties. 

b.  The  stain.  To  loo  c.c.  of  a  filtered  saturated  solution  of  anilin  oil  in  water,  add 
I  c.c.  of  a  I  per  cent,  solution  of  sodic  hydrate,  which  makes  the  mixture  faintly  alkaline. 
To  this  add  4  to  5  grams  of  methyl  violet,  methylene  blue,  or  fuch sin-crystals,  and  shake 
thoroughly. 

When  a  preparation  is  to  be  stained,  flood  the  cover-glass,  held  in  forceps,  with  as  much 
of  the  filtered  mordant  as  possible  ;  heat  carefully  above  the  flame  until  the  steam  b^ns  to 
rise — for  about  a  minute  ;  wash  well  in  distilled  water  until  every  trace  of  the  mordant 
appears  to  be  gone.  If  necessary,  wash  with  absolute  alcohol  until  only  the  film  itself  ap- 
pears to  be  tinted  violet  by  the  mordant  ;  filter  a  few  drops  of  the  stain  on  to  the  cover-glass  ; 
again  beat  until  the  steam  rises,  and  leave  in  the  warm  stain  for  one  minute  ;  wash  well  in 
distilled  water;  dry,  and  mount  in  xylol  balsam. 

See  J.  H.  Wright's  staining  method  for  blood. — Jour.  Med.  Rescarchy  Jan.,  1902. 

Procedure  In   Bacteriologfical   Examinations. — In  surgical 

bacteriology,  as  in  any  other,  a  definite  routine  is  the  best  to  adopt  in 
the  examination  not  only  of  the  materials  submitted,  but  at  the  time 
of  operation. 

In  the  case  of  materials  submitted  for  examination,  there  must  be 
always  (i)  a  microscopic  examination  ;  (2)  an  effort  to  isolate  the  bac- 
teria presented;  and  {3)  an  attempt  at  an  identification. 

Materials  must  be  protected,  so  far  as  possible,  from  contamination 
by  extraneous  bacteria,  and  nothing  must  be  done  that  will  kill  the 
bacteria  that  may  be  contained  in  the  material.  Of  course,  there  is  in- 
cluded the  necessity  for  obtaining  the  material  as  soon  as  possible  after 
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its  removal  from  its  natural  surroundings.  If  the  material  to  be  ex- 
amined be  fluid,  and  it  Is  necessary  to  transfer  it  for  any  distance,  it 
may  be  received  in  sterile  pipets^  which  may  be  drawn  into  capillary 
ends  and  sealed  in  the  flame,  or  which  may  be  plugged  with  cotton  in 
one  end,  whilst  the  other  passes  through  tlie  cotton  stopper  of  a  sterile 
test-tube.  If  the  fluids  or  tissue-juices  are  to  be  examined  at  once,  this 
may  be  done  by  transferring  a  small  portion,  by  means  of  sterile  plat- 
inum wires,  or  pledgets  of  cotton  wound  upon  the  roughened  ends 
of  ordinary  uirc,  to  the  nutrient  medium  that  is  to  be  used  and  the 
cover-glass  that  is  lo  be  examined  microscopically.  Tissues  should  be 
obtained,  if  possible,  with  die  organ  to  which  they  belong,  whole. 
These  organs  may  be  examined  by  scaring;  tht_-  surface  with  a  red-hot 
knife  or  cauterv.  makin-f  an  incision  throuj'h  this  seared  surface  with 
a  fresh  knife,  and  from  these  freshly  exposed  surfaces  making  cover- 
glass  preparations  and  platc-culturcs ;  or  the  surfaces  may  be  sterilized 
by  thoroughly  soaking  in  i  :  looo  corrosive-sublimate  solution,  tir>'ing 
and  making  an  incision  with  a  sterile  knife,  which  incision  may  be 
deepened  by  tearing,  thus  obtaining  a  perfectly  uncontaminated  surface. 

The  routine  procedure  for  the  bacteriological  examination  of  mate- 
rial in  the  case  of  a  discharge  is  first  to  make  a  number  of  cover-glass 
preparations,  which  may  be  stained  by  Gram's  method  and  with  sev- 
eral other  ordinary  stains  ;  next,  plate-cultures  should  be  made  in 
nutrient  gelatin,  in  nutrient  agar,  and  on  blood-scrum,  and  the  develop- 
ment should  be  carefull)'  studied, 

A  shorter  method  of  making  plate-cultures  is  to  pass  the  needle, 
dipijed  in  the  material,  in  three  successive  parallel  lines  over  the  surface 
of  the  blood-scrum  or  nutrient  agar,  and  keep  these  cultures  at  blood 
temperature.  This  method,  however,  is  not  as  perfect  as  those  first 
spoken  of. 

As  soon  as  the  colonies  appear  upon  the  plate-culture,  they  should 
be  examined  with  a  low-power  lens.  In  the  cast-  of  those  that  cannot 
be  idcntifled  by  this  examination,  further  study  must  be  carried  on. 
The  student  should  note  flrst  the  microscopic  appearance,  including  the 
form,  size,  arrangement,  and  the  staining  reactions ;  whether  the  oi^an- 
ism  is  motile;  whether  it  produces  spores;  then  the  characteristics  of 
its  growth — how  it  appears  in  its  dexelopment  upon  gelatin,  in  needle- 
culture ;  the  rate  and  form  of  growth;  the  presence  or  absence  of 
liquefaction  ;  whether  or  not  it  produces  gas  or  odor;  whether  or  not 
it  produces  acid ;  and  the  characteristics  of  the  colonics  upon  plate- 
culture  ;  so  also  the  characteristics  of  the  growth  upon  agar  at  a  tem- 
perature of  37'*  C.  in  bouillon,  on  blood-serum,  on  potato,  milk,  litmus 
media,  sugar  media,  and  |>eptone  solution.  The  rapidity  of  growth 
should  also  be  noted  ;  whether  or  not  the  bacterium  produces  spores 
or  pigment ;  its  staining  reaction  ;  and  the  result  of  inoculation  experi- 
ments in  animals. 

Practically  all  inoculation  experiments  arc  performed  by  means  of  a 
hypodermic  syringe,  and  thus  far  no  syringe  has  given  better  satisfac- 
tion than  the  ordinary  "  Koch  "  syringe  (Fig.  10).  Methods  of  inocu- 
lation may  he  either  fi")  by  simple  scarification  of  the  skin  and  a 
rubbing  in  of  the  infectious  material;  (2)  by  subcutaneous  injection, 
preferably  near  the  root  of  the  tail  or  between  the  shoulders ;   (3)  by 


Fin.  I. — Stapliylococcus  pyogcnei  aureus;  pure  cultuie  on  blood -senim  after  twenty* 
four  hours  at  22°  C. ;  fuchsin ;  camera  lucida,  oc.  4,  oil  immvrsion  ^j  (Zeiss). 

Via.  2. — Streptococcus  pyogenes ;  bouillon  cuUure,  twenty-four  hours;  Lbffler's  methy- 
lene blue  ;  camera  lucida,  oc.  4,  oil  imraentiun  ^j  (Zeiss). 

Fig.  3. — Bacillus  culi  communis ;  agar  culture,  twenty-four  hours  old,  at  32^  C. ;  camera 
lucida,  oc.  4,  oil  immersion  ji^  (Zeiss). 

KiG.  4. ^-Glanders  bacillus;  culture  on  potato,  forty-eight  hours  old,  at  37.6^  C. ;  fuchsin ; 
camera  lucida,  oc.  4,  oil  immersion  ^  (Zeiss). 

KiC.  5- — Tetanus  bacillus;  old  culture  un  bouillon,  showing  battledore  forms  and  frre 
spores;  camera  lucida,  oc.  4,  oil  immersion  ^  (Zeiss). 

Fir.  6. — Itacillu^  of  bubonic  plajrue;  agar  culture,  twenty-four  hours  old;  fuchsin;  camera 
ladda,  oc.  4,  oil  immersion  ^  (Zeiss). 
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r^ing,  whnse  ctianurteriiitics  arr  prrcise^Iy  Ihe  sime,  wilh  tli«  exce|nion  lh>l  \t%  coldniui  an 
wbilc,  ai>(l  nul  colored. 

The  Sla|)liyUici>ctu*  r[>i(lrn»tdiii  xttius  of  Wdcb  ta  probably  bul  a  vaneljr  of  the  preced- 
ing, occurring  >ti  llic  deeper  laycni  of  ihc  skin. 

A  (hir<t  luiLrucoccui  nf  pus,  much  le^^  cumuiini  than  eitlier  of  ihne  twu,  is  U)c  Staph~ 
ylococcus  pyogenes  citreus,  liifiVriiiR  rp>ni  (tu-  other*  in  thm  its  colonics  mre  .if  n 
Imti^ii  yclluw,  and  llic  I.^Lt  that.  il>  iMtliu^eiik  prupcrticM  air  very  ilij^hl. 

The  Staphylococcus  cereu»  albus  .ind  ilie  5Uphylix:occus  cereus  flavas  arc 
of  practically  no  impH>ri.utcc.  'I  lu-v  aic  fouiul  occuniimally  in  4U|>|>urjitive  |)roce**t-i.  'J'hey 
do  Wit  liquefy  geUtin  ;  the  one  producer,  a  white  waiy  growth  upon  onlioaiT  mcdm,  whiUt 
the  nther  prodarc*  x  yelUiur  wnxy  growth.  Th«y  have  n»t  been  shown  to  have  any  liperiAl 
pathogenic  propcnit-s. 

The  Streptococcus  pyoKcnes  ( Plalc  i.  Fit;.  2)  Is  n  coccus  of  a  somewhat  larger 
arrrage  uce  than  ttie  sUpbylocuccu^.  being  about  t  li  in  diAmdcr,  occurring  in  chucs  which 
nuy  Ik-  made  up  of  a  lar^r  or  a  snail  iiundirr  uf  ihe  cell:^  S<nneiinie*  then-  \%  \\\v  iijijicar- 
ance  uf  a  chain  of  diplococct,  b«cauK  ihc  division  of  many  individual  mciubers  of  the  chain 
may  he  going  nn  at  llir  name  linitr.  In  yuung  culturrs  liie  inJrntrocci  are  unifunn  in  Mte; 
but  »  tbcy  grow  older  h  marlccd  difference  nppenrs.  Mime  of  (he  indiviilunU  being  twice 
the  normal  <iiamc1c-r  and  mute.  ThiH  vtceplixjuicus  i>  non  inuule.  On  cultivatiou  m  gela- 
tin a  very  thin  line  appears  niong  the  neecile-track,  which  !>;  «ccn  to  be  nude  up  of  fl  row 
of  minute  round  c<>lunir%,  whiti^li  in  colur,  mrely  rcii^hlng  the  sue  uf  a  pin'i  heiid.  L'hcTe 
it  no  growth  on  the  surface  of  the  gelatin,  and  no  luiueriicliwi  or  'Coior-produelion.  In 
gelatin  plates  the  colonics  aljo  appear  ua  minute  vrhitixb  (globular  puints  Dal  Biid  translucent 
upon  the  sarfacc.  <Jn  the  surface  of  agar  the  growdi  lake*  place  along  the  needle- track  as 
mitiitU-  rounilnl  colnnir*.  iihnwing  a  marked  tentli^ncy  to  remnin  se^mnile.  The  chnnif^tcr- 
ihik*  U[M>n  bloud-seruni  arc  the  same  va  upon  agar :  on  potato  ihcne  \%  generally  no  visible 
growth  ;  in  bouilinn  ihrre  H  npfMrenl  a  ver>'  tine  t-lniidine^t,  which  later  ^tlle-t  to  the  bottom 
of  the  lube.  It  cuKgulalcs  milk,  and  is  said  occa^^iotially  to  oradutc  gas  In  sugar  niedu  and 
lij  turn  litmus  red.  It  gmw*  brit  at  (he  temprrainre  of  ihr  nodv,  and  wilh  a  fair  degree  uf 
rapidity.  It  do«»  not  pi\jdm,e  spores,  docs  nol  liijuefy  gelatin,  and  produ<;es  no  pigment. 
It  stains  wilh  any  of  the  anilin  ttilor*  and  l»y  frram'*  metlmtl.  rninulatcd  inio  ihr  car  of 
a  inbbil,  it  pnjduces  a  locabcc*!  erysipclatoits  process;  bul  usually  suhculaneous  iiiijci:tions 
in  rabbits  arid  guinca-pigK  arc  vithoat  mult. 

It  must  be  remembt-Tetl  that  one  of  two  tliintrs  must  be  true :  cither 
there  are  many  kinds  of  streptococci  which  our  prescfU  means  of  study 
do  not  enable  us  to  difierentiaie,  or  this  streptococcus  takes  on  ninny 
variations  of  virulence  under  the  influence  of  varying  surroundings. 

Varieties  of  Streptococci. — It  may  be  stated  that  formerly  the  Strejilococcn*  pyog- 
enes and  (he  Slreptococcus  erysipelatis  were  rcganled  as  two  dislinci  specie*,  and  various 
pnintsnf  dliTerencc  between  ihcm  were  given.  Further  sindy,  and  «ip«naily  the  rr*wlts 
i^laineil  by  imxlifyiji^  the  vinilcnce,  ha»e  sIimwh  that  these  distinctions  cannot  be  main- 
tained, and  now  neatly  all  Authorities  are  agreed  [hat  the  two  nrgnninns  are  one  ami  ihe 
same,  erysipelas  being  produced  when  the  StTCptoeoccus  pyogenes  of  a  certain  sinndonl  of 
vimlciive  gain'  entrance  to  the  lymphatics  of  the  skin.  I'eiruwhky  in  tHi>(i  ihowed  conclu- 
sively thai  a  sirepli icoecns  culiivated  fiura  pu'*  may  i.-au<e  er^-^tpelas  in  the  human  subject. 

Then;  is  occa-nmally  f'lund.  in  the  study  ol  surgical  lesions,  a  iHieterium  llial  pmdiices 
a  Mriking  greenish -blue  duorescenee  in  the  nutn'eni  me<lta  on  whirh  it  gntwv.  This  ix  ibe 
BociliM  /twyaneuj,  which  is  of  interest  not  bccMu»e  il  priHltKci  uny  iii.irked  palhoLwgica! 
cbaages,  tiut  by  rcaaun  of  Ihe  Mvidies  thai  have  been  mude  ufM^n  the  pigmenl  which  i(  pro- 
duces, and  its  apparently  augmeiiiing  rHWci  when  inoculated  nt  (he  same  lime  wiili  cerUiii 
other  mictO-ofsaDianu.  It  is  one  of  a  nuiubcr,  ai^d  the  cliiuacteriMii's  uf  tlic  grinip  atr  best 
Studied  in  the  large  lext-bookv 

'lite  Micrococcus  tCtraKCnUB  is  also  an  urgauisui  which  very  rarely  occurs  in  eur- 
giea]  lesiiin*,  cbanctericed  e»|x->  ully  by  ihe  fact  thai  it  divides  in  two  planes  at  right  angle* 
to  one  anotbcr,  so  lh*l  it  is  frc«iucnily  fuund  in  the  li>mc>  after  inoculation  in  gruup«  of 
four,  Mintenmei^  Mimiunded  by  a  capsule.  Ihe  cuccj  stain  cmsily  with  all  ibe  ordinary  stttln*, 
at  well  B3  by  (iram'^  method.  This  mitrococcns  is  about  I  n  in  diameter.  Il  gmv^  readily 
Id  gelatin  plates,  as  tvund  yclluwi»b-whilc  culomcs  whitb  appcnr  granular  or  slightly  nodu- 
lated nndrr  a  low  power  The  surface  colonies  thow  the  yellowish  while  color  ntore 
markedly.  The  needle-culture  in  nutrient  gelatin  Kivn  a  fairly  thick  whitish  line  along  the 
tfack  of  ihe  needle,  with  a  round,  thick,  yellowish -white  disk  on  Ihe  surface.  The  orgatuan 
iptiws  abundanUy  on  the  iiurfacc  of  agar  and  of  pt^iaio,  in  a  moiitt  layer  of  a  vcllowista- 
white  cnlar.  It  grows  mpidlv  at  the  lemperature  of  the  mom.  docs  not  pn^luce  s|>ores  and 
does  not  liijucfy  ^atin.     It  is  opedally  paibogenic  to  whJie  mice,  a  subcutaneous  injection 
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producing  a  general  septicemia,  the  oi^anisms  being  found  in  large  numtwrs  in  the  blood 
and  tis&ues,  especially  the  spleen.  This  micrococcus  has  been  supposed  to  be  active  in  the 
production  of  the  suppurative  part  of  the  destructive  process  in  tuberculosis  of  the  lung. 

Can  suppuration  occur  apart  from  bacteria  ?  This  question  was 
taken  up  after  it  had  been  shown  that  bacteria  were  the  chief  causes 
of  suppuration,  and  efforts  were  made  to  determine  whether  an  actual 
suppuration  could  be  determined  by  simple  chemical  substances,  such 
as  croton  oil,  nitrate  of  silver,  mercury,  and  so  on.  The  general  con- 
clusion reached  seems  to  be  that  suppuration  does  not  usually  follow 
the  introduction  of  these  irritant  substances  ;  but  occasionally  with  some 
of  them,  and  in  certain  animals,  a  suppuration  may  occur,  the  pus  from 
which  docs  not  show  bacteria.  This  suppuration  never  produces  sec- 
ondary abscess  of  itself,  nor  upon  inoculation  of  the  pus,  and  it  is  even 
doubted  whether  the  pus  thus  produced  actually  corresponds  histologi- 
cally and  chemically  with  the  results  of  natural  suppuration ;  in  any 
case,  as  far  as  the  practical  side  is  concerned,  it  is  unquestionable  that 
by  far  the  greater  number  of  cases  of  suppuration  met  with  clinically 
are  produced  by  living  bacteria. 

The  Bacillus  COli  communis  { Plate  i,  Fig.  3)  is  found  in  many  inflammatoTy  and  ' 
suppurative  conditions  in  connection  with  the  alimentary  tract ;  also  in  other  parts  of  the 
body,  in  inflammation  of  the  urinary  passages,  cystitis,  etc.  It  is  a  bacillus  from  2  to  3  ^ 
long  and  about  0.5  /'  broad,  with  rounded  ends.  It  is  actively  motile,  and  grows  in  gelatin 
plates  as  small  brownish-white  colonies,  not  liijuefying  the  gelatin.  In  nutrient  gelatin  the 
growth  is  well  marked  along  the  needle-track,  as  a  whiti.sh  line,  spreading  out  upon  the 
surface  of  the  gelatin,  not  much  elevated  from  the  surface  of  the  media ;  on  agar  it  grows 
distinctly  out  from  the  needle-track,  as  a  whitish -brown  layer,  moist,  dirty  in  appearance  ; 
the  same  appearances  characterize  the  growth  on  blood-serum;  on  potato,  in  forty-eight 
hours,  there  is  a  distinctly  brown  pellicle  with  a  dull  .surface. 

The  growth  clouds  bouillon,  produces  gns  in  glucose  media,  turns  litmus  media  red,  and 
has  a  marked  indol  reaction  in  peptone  solutions.  It  grows  rapidly — best  at  the  temperature 
of  the  body— does  not  produce  spores  does  not  liquefy  gelatin,  produces  gas  (Plate  2,  Fig.  2), 
and  stains  with  any  of  the  anilin  colors,  but  not  by  Gram's  method.  Intravenous  injection 
of  small  amounts  in  guinea-pigs  will  produce  death,  but  much  larger  amounts  are  required 
to  produce  the  same  results  in  rabbits  or  guinea-pigs  after  intra-abdominal  injection. 

Muir  and  Ritchie  give  the  following  table  of  differences  between  the  Bacillus  tyi^osus 
and  the  Bacillus  coli  communis  : 

R.   TYPHOSUS.  B.   COLl   COMMUNIS. 

Flagella  more  numerous,  longer  and  more      Flagella  fewer  and  shorter. 

wavy. 
In  artificial  media  the  growth  Is  generally      Growth  faster  and  more  vigorous. 

slow  and  not  vigorous. 
Growth  on  fresh  acid  potatoes  a  nearly  trans-      Growth  on  potatoes  a  hrown  pellicle. 

parent  fdm. 
Very  slight  acid-pro<luction  in  ordinary  me-      Well-marked  acid  production. 

dia,  followed  sometimes  by  the  production 

of  alkali. 
Fermentation  of  lactose  very  slight,  if  any.        Fermentation  pronounced. 
Milk  not  coagulated.  Milk  coagulated. 

In  gelatin  "shake"  cultures  no  gas-forma-       Abundant    gas- formation.      Rounded    colo- 

tion.  nies. 

No  pnxluclionof  indol  in  ordinary  Ixiuillon.       Weil-marked  indol  production. 
Agglutination.       Kacilli     become     dumped       Bacilli  remain  actively  motile  in  most  cases  ; 

tf^ethcr  and  motiunlew;  in  the  ^e^um  of  .1  sometimes  clumping  occurs. 

typhoid    patient.     <,.\   similar    reaction    is 

given    by  the    blood-serum  of  an  animal 

immunized  against  the  typhoid  bacillus. ) 

Of  the  bacteria  already  mentioned,  the  staphylococci'  are  most 
commonly  found  in  localized  abscesses  or  pustules,  carbuncles,  boils. 


Fia.  t. — Su^ylococcus  pyogtnu  aureus  i  pure  culluic  on  blood-scfum,  loui  days  old, 
at  iT-f>^  C. ;  luuurni  &tz«. 

Fiii.  4.— Bacillua  coli  cummanis;  pure  culture  en  glncMC -gelatin  after  Corty^eigbl 
bmir*  At  12*C.,  Jihowinf;  i;n»-pToduction ;  rulural  sue. 

Fio.  3. — Banlliu  lulwrcutocu ;  piue  cuhuie  on  glycerin-agm,  three  weeks  old;  nsluraJ 


SURGICAL   BACTERIOLOGY. 


33 


in  acute  suppurative  periostitis,  in  ulcerated  endocarditis,  and  in  cer- 
tain pyemic  conditions.  The  streptococci  arc  usually  found  in  spread- 
injj  inflammations,  with  or  without  suppuration,  in  dilTusc  phlegmonous 
and  erysipelatous  conditions,  in  suppurations  in  certain  membranes, 
and  in  joints.  Tl>e  Bacillus  coH  communis  is  fount!  in  many  inflam- 
matory and  sujipurative  conditions  in  connection  witli  the  alimentary 
tract  and  elsewhere.  The  Micrococcus  tetragenus  Is  found  c-spcciJly 
in  suppurations  in  the  rej;ion  of  the  moutli  or  neck,  a.*)  well  as  in 
various  lesions  of  the  respiratory  tract.  The  Bacillus  pyocyaneus  is 
rarely  found  alone  in  pus. 

The  gODOCOCCUS  is  n  conf^binC  aci-utapiitunictil  uf  llint  >pn:ilic  raitn  uf  »u|rpunittuii 
knoWK  M  gonorrhea.  It?  sp^ial  charActcristic  is  ihat  U  is  n  micrvicocciis  occurrinit  mott 
commonly  in  paiK,  willk  ihr  adJucMit  edges  HiUvtml  oi  even  digliUy  ouiicavc.  Auotlier  uf 
it*  marked  clinninn-iujo  i*  tliat  it  mo*t  commouly  occurs  in  tlic  Icukt-cyiM.  which  is  difTcr- 
ent  frum  what  is  ihe  ca»c  in  ordinsry  aupputation.  ll  tlaiiu  caiuly  mkI  htc-II  witli  any  uf  the 
ordinary  (lyr%  but  di)^»  not  ilnin  by  (jrom's  meihoil. 

Nciwers  Main  ^wts  very  bcaulifiil  roult*  (  rii«t«' 3.  Fig^  l)-  (^wr-glaiie*  in  warra 
CttnLi-ntnited  RlLnboltc  etniri,  two  to  ihicf;  minutes.  Transfer  directly,  alter  !«akin(;  off 
exceH  with  tilirr-[jflper.  to  conccnl rated  alcoholic  mcthyleitt-hlue,  i>ntsha]f  to  ihree-<|ujirtm 
ui  B  mtnale.  Wu-sh  in  water,  drj-,  and  oiaunt.  (Thes«  tiine^of  »laiiuiig  fa*ve  been  found 
to  be  better  thnn  those  origtnnlly  Kiven. ) 

11ic  cultivniiun  uf  the  kuoocucciu  is  dlfKcult.  It  dues  not  grow  iipun  the  ortlinnry 
nediji.  'Ww  He^l  arc  <«lidihcd  blood-senim  nnd  Wcrthrim's  mnlriim,  ciiisisliii^  uf  t  juirt 
uf  l\uid  KTum  nnd  2  parti  of  Agnr  at  a  tempers  Cure  uf  40'^  C.  which  is  then  allowed 
to  solidify  by  coolin;;.  <mj«rlh  uccur^  best  iil  iW  lunperature  of  the  iHxly,  and  di>e%  iiul  m 
oti  below  25"  C. '  The  culture*  ire  to  be  (Stained  by  puling  a  «niatl  quantity  of  nus  over  the 
airfocc  of  one  of  the  ficlcelcd  media,  nnd  then  placing;  it  in  an  incubalor.  Ihc  colonics 
make  their  appearance  at  the  end  ai  iw-eniy.four  hours  a«  imall  Inin&luceni  bodies,  irrepi* 
larly  rounded,  and  teach  Iheir  maximum  uze  on  the  fourth  or  Iiflh  day.  The  later  cultures 
grow  mare  luxuriantly  than  do  the  earlier  one^  but  the  tronsfe renins  to  fre&h  mrflta  must  be 
made  every  two  or  three  days.  Anide  fmni  the  occurrence  of  the  goniKixiiiH  in  fiejib  pus 
its  rrliliim  in  jnin)-ntfr<'liniif  and  oihcr  leqwcla:  is  a  mnHcr  of  considerable  imiwTtarn'e. 
There  i>  no  question  lliixt  in  a  certain  number  of  cases  of  );onunheal  iuthiiti»  and  in  inHara- 
malioiis  i)f  ihr  <ihenihs  of  Irttdons  the  gonococcu^  h.is  been  found  micru5copic8lly,  ntul  pure 
cultures  havt?  been  made  ;  and  ulio  th4l  in  a  lat^e  iiuml>er  of  such  cases  no  bacteria  haec 
been  ittentilied. 

Certain  peculiarities  of  the  fluid  in  the  joints  in  which  the  gono- 
Icoccus  has  been  found  have  been  mentioned,  such  as  a  whitish-yellow 
tint,  turbid  appearance,  shreds  of  fibrin-like  material,  sometimes  almost 
purulent  in  its  apjKranmce ;  it  has  also  been  occasionally  shown  that 
the  gonococci  are  more  numerous  on  the  surface  of  the  membrane 
lining  the  sj'novial  cavity  than  in  the  fluid. 

For  diagnostic  purposes  the  appearance  of  the  gonococci  in  pairs, 
their  characteristic  arrangement  within  the  cell-proloplasm  in  fresh 
pus.  staining  easily  with  the  ortlinar>"  colors  and  not  .staining  by  Gram, 
funiisli  the  group  nf  microscopic  appearances.  For  the  determination 
by  cultivation  WV-rtheim's  medium,  or  blood-agar,  should  be  used,  or 
Wright's  urine-serum -agar,  as  described  below. 

Vrinc-wnim-ajtar  (MaHory  and  Wright,  p.  144)  i»  useful,  as  dcmotuittiileid  by  Wright, 
for  the  cultivation  of  the  Ronocorcus.  To  a  (|luntity  of  melted  OKiir-aKar  at  40"  C.  is 
•dded  a  mixture  of  t  pan  urine  and  2  pans  beef  hlood-u-mm  rtpud  to  \A  lo  1^  the  volume 
of  thi  anr-ogar.  The  mi.\lure  of  urine  and  serum  is  (reed  from  bacteria  by  uossinc  llirou|;b 
ft  ClianiEer1«i>d  filter.  The  mivtnrc  is  allowed  to  Mitidify  in  teMtubes  ana  muH  be  tested 
Ibr  contaminatiiT'ii  in  the  itKubalor. 

Soft  Chancre.  -Kor  some  yean  lillle  attention  was  paid  l»  (hit  1e«ioa.  Ikccauar  there 
waH  a  widespread  <.iptnion  that  it  was  n  Allh-disease  ;  but  later  observations,  notably  (hose  vf 
Ducrry  and  L'nna.  have  shown  the  conttanl  presence  of  a  bacillus  in  this  form  nf  ulceration, 
and  no  other,  altlwMigh  it  has  not  been  potnble  10  cultivate  il  ttpon  aitibcial  ooedia.     It  is  a 
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small  ova]  rod,  about  1. 5  ^  in  length  and  0.5  ft.  in  breadth,  and  occurs  jn  the  discharge  from 
the  surface,  or,  in  seclions,  more  deeply  situated  than  other  bacteria,  in  bunches  and  in 
chains  that  may  be  stained  in  cover-glass  preparations.  Great  care  must  be  taken  not  to 
decolorize  too  strongly,  for  the  bacillus  itself  is  easily  decolorized. 

Syphilis. — The  bacillus  of  Lustgarien,  described  about  fourteen  years  ago,  is  the  only 
one  that  has  ever  been  ascribed  to  Ibis  disease  with  any  appearance  of  probability ;  and 
while  it  resembles  in  certain  respects  both  the  bacillus  of  tuberculosis  and  the  Smyrna 
bacillus,  it  may  be  differentiated  from  either  of  them  by  a  special  method. 

Lustgarten's  staining  of  the  tissues  to  demonstrate  the  bacilli  was  as  follows ;  Place  the 
sections  for  from  twenty-four  to  forty-eight  hours  in  anilin-water  gentian  violet ;  then  wash 
in  alcohol,  and  place  for  ten  seconds  in  a  i^  per  cent,  solution  of  potassium  pemuinganate ; 
decolorize  with  sulphurous  acid  (25  per  cent,  solution)  to  remove  the  brown  precipitate  as 
well  as  to  decolorize  the  tissues  ;  wash  in  water  ;  dehydrate  and  mount. 

Like  the  bacillus  of  soft  chancre,  this  .syphilis  bacillus  has  not  been  successfully  cultivated. 
Hueppe's  method  of  differentiating  between  the  syphilis,  smegma,  leprosy,  and  tubercu- 
loas  bacilli  is :  l.  Treat  the  prejwration,  stained  with  carbol-fuchsin,  with  sulphuric  acid  ; 
the  syphilis  bacillus  becomes  decolorized  almost  instantaneously.  2.  If  not  at  once  decol- 
orized, treat  with  alcohol ;  this  will  remove  the  color  from  the  smegma  bacillus.  3.  If  still 
not  decolorized,  it  is  either  the  bacillus  of  tuberculosis  or  that  of  leprosy.  (Adapted  from 
Abbott' s  Batteriology. } 

DiplOCOCCUS  Ptieumonlae  (Frankel's  pneumococcus ;  Microbe  of  Sputum  septicemia ; 
Micrococcus Paiteuri ;  Diplococcui  lanceotatus). — Under  these  headings  may  be  placed  a 
description  of  the  diplococcus  that,  while  not  usually  producing  primary  surgical  results, 
may  often  occur  associated  with  the  pyogenic  cocci.  It  is  of  grave  importance  in  medicine. 
It  occurs  not  infrequently  in  the  saliva  of  healthy  persons,  with  great  abundance  in  the 
expectoration  of  certain  forms  of  pneumonia,  and  has  been  studied  associated  with  the 
septic  cocci. 

The  best  method  for  securing  a  pure  culture  is  by  subcutaneous  inoculation  of  material 
containing  it  (Plate  3,  Fig.  2)  in  rabbits  or  guinea-pigs;  in  which  case  the  animals  die  in 
from  twenty-four  to  forty-eigbt  hours,  and  the  blood  and  tissues  are  found  to  be  611ed 
with  this  micro-organism.  It  is  an  oval  coccus,  occurring  usually  in  pairs,  and  may  be 
surrounded  by  a  capsule.  The  colonies  are  not  apparent  upon  ordinary  gelatin  plates 
or  in  gelatin  tubes,  for  the  reason  that  the  bacterium  does  not  grow  below  32°  C.,  so 
that  cultures  are  best  seen  after  development  upon  agar  at  the  temperature  of  the  blood. 
In  this  case  the  colonies  appear  as  minute,  almost  trans|)arent  drops,  looking  almost  like 
small  drops  of  water.  They  grow  best  upon  blood-serum,  as  an  almost  transparent  line 
along  the  needle-track,  with  isolated  colonies  at  the  edges,  later  becoming  more  or  less 
confluent.  The  colonies  on  agar  plates  are  almost  invisible,  but  may  be  seen  by  means  of 
a  low-power  lens,  and  appear  to  have  a  compact,  finely  granulated  center,  with  almost 
translucent  edges.  There  is  a  slight  cloudiness  produced  in  bouillon,  which  later  settles  to 
the  bottom  of  the  test-tube.  There  is  no  visible  growth  upon  potato.  It  is  very  difficult  to 
keep  the  cultures  alive,  and  to  do  so  they  must  be  renewed  every  three  or  four  days,  and 
even  then  are  fairly  certain  to  die  out  In  the  course  of  two  or  three  months.  It  is  impossible 
to  retain  the  virulence  of  the  micro-organism  under  cultivation.  This  must  be  done  by  the 
passage  through  animal.';.  Its  growth  is  slow  except  at  the  temperature  of  the  body.  It 
does  not  produce  spores,  does  not  liquefy  gelatin,  does  not  produce  gas,  is  facultatively 
anaerobic,  stains  with  the  ordinary  dyes  and  by  (jram's  method,  and  produces  septicemia 
upon  subcutaneous  inoculation. 

Tuberculosis. — The  bacillus  of  tuberculosis  occurs  in  all  lesions  of  the  disease.  It 
is  a  small  rod,  on  the  average  from  2.5  to  3.5  /i  in  length  and  0.3  fi  in  breadth.  It  occurs 
singly  or  in  pairs,  arranged  either  end  to  end  or  like  the  arms  of  the  letter  V.  It  is  non- 
motile.  The  unstained  portions  of  the  rod  have  been  by  some  supjwscd  to  be  spores,  but 
this  is  not  generally  accepted.  It  does  not  grow  upon  ordinary  gelatin  or  upon  ordinary 
nutrient  agar.  It  does,  however,  develop  upon  both  of  these  media  if  from  6  to  8  per  cent, 
of  glycerin  have  been  added  to  them  (Plate  2,  Fig.  3).  Its  best  growth,  however,  is  found 
upon  blootl-serum  at  the  temperature  of  the  bo<iy.  On  this  medium  its  colonies  present  a 
characteristic  appearance.  They  arc  seen  first  as  small  brownish-yellow  dots,  and  never 
before  the  eighth  or  ninth  day.  They  increase  in  size,  coalesce,  and  form  a  heavy,  wrinkled, 
dirty-brown  or  cream -colored  laver  extending  outward  tiirce  or  four  lines  on  each  side  of 
the  needle -track,  and  in  undisturbed  cultures  grow  ui>on  the  surface  of  the  water  of  con- 
densation, leaving  the  fluid  below  perfectly  clear.  Once  seen,  these  colonies  are  almost 
unmi>Iakable  for  anything  else.  The  growth  ujxin  potato,  which  is  sometimes  seen,  but 
not  alwavs.  jiresenis  similar  tharacteristics.  The  bacillus  is  of  slow  gniwlh,  develops  only 
at  the  temperature  of  the  bodv.  does  not  lii|ucfy  gelatin,  probablv  does  not  produce  spores, 
produces  no  gas  or  odor,  stains  wilh  ditliculty  with  the  iirdinar\-  anilin  colors,  decolorizes 
with  equal  difiicultv,  and  priwluccs  tuberculosis  u]X)n  inoculation  in  all  susceptible  animals. 
The  ditliculties  in  cultivating  the  bacillus  of  tuberculosis  would  present  an  almost  insuper- 
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able  obsUcIc  to  (h«  diagnosis  or  tubrrculous  processes  by  this  method.  Fortunaiely,  how- 
ever, Ehrikh  vtiowni  Uiat  this  bacillus  hoa  a  siiccial  stUining  fraction  )>y  which  it  may  be 
dtBcrcniiuicil  froni  uny  oiiicn  with  which  it  is  likflv  Im  be  cuiifoundcd.  Taktiij;  advaniage 
of  the  rcM*lante  of  thi»  Imctcnum  to  tlir  dccvlomiiiK  action  of  the  niinenl  ntid*.  Koch  and 
Ehrlich  workwl  out  a  difrrrcnlioj  stain,  than  which  no  belli-r  method  Hm  ever  been  iugftesied 
for  the  ddection  i>f  «nui11  numlieninr  the  bacilli  in  s-iiiiprricfl  nulcriiil-  For  cover-glaMCS 
thj»  melliud  is  vls  followb  ; 

X,  Co»cr-([1a»eA  prepared  in  thr  uuial  way  arc  Mained  over  night — better  for  iweaty-four 
houn — in  aiiilin-waler  fucbMn  (oi  |;culian  vj>i>let1.  z.  Tnin-Hfer  ul  live  eiid  af  tliat  lime  tu 
nitric  acid  (1:4)  for  a  few  M-coruiv  3,  Plare  in  60  per  cent,  alcohol  f.>T  one  mimilr  to 
complete  d«culuri<ti^.  4.  Wash  iu  water.  5.  Slaiu  in  watery  metliylL-ne  blue  (or  vesunn, 
if  gentian  violet  was  (he  first  slain  aiwd)  for  one  ni  two  niinulrs;  wavh  thoruughly ;  dr)- 
carefully;  mount  in  oil  of  cedar  or  Canada  balMni  I  I'laie  3,  Kig.  3). 

Sections  arc  stoinnl  in  predwiy  the  Mine  way,  vrilh  the  exceplion  thai  in  place  of  the 
i^lric  acid,  l  part  to  4,  a  little  stronger  balh  of  nitric  acid  is  used,  t  pan  to  j,  because,  the 
sections  beiiiK  thicker  than  the  film  on  (be  cover-glass,  u  Munctrhal  stranger  decolorizing 
agent  t*  neceruary.  Of  course,  after  the  washini;  following  the  use  of  tlie  methylene  bine, 
the  section-  are  tu  be  dvhvdiaied,  cleared  in  oil  of  ccdai,  and  inounted  in  Canada  bal*«in 
(Hair  3.  Fig   41, 

The  ethcieiicy  of  this  »lain  lies  in  the  fact  that  the  nitric  acid  appears  In  exert  some 
dim-l  viiat^lani  (  ?  |  acliim  U)>i>n  the  (.apsulu  of  the  bacillus  itself.  This  action  i.s  [iractiL-nlty 
inslantaneotu,  and  resuUs  in  placing  the  capsule  in  snch  a  condition  that  it  resists  the  further 
decolorizing  action  of  the  niinc  add,  >a  that  the  bacillus  remaint  Aloined.  Tliik  i>  not  true 
with  other  bacilli  ;  all  other  bacteria  are  coniplelcly  dccolori/cd,  exi^cpt  the  bacillus  of 
InnDqr  and  the  uni^iiui  tuacillu.'i;  and  if  the  Mwitc  of  ilie  mulcrial  bHuw.i  any  po»ibiIity 
of  COfUUsion  with  these  two,  the  method  of  differentiation  already  given  will  serve  to  put  an 
end  t<i  any  doubt. 

The  inethiMl  as  given  by  Kocfa  suggests  the  use  of  gentian  violet  as  the  first  stain  (with 
fucbsin  a»  the  second  choice i.aiMl  ve'iuviu  a»  the  contrasl  stain  (with  methylene  blue  as 
the  seconil  choice'i.  the  tesnll  of  which  would  be,  of  course,  a  blue-stained  body  upon  a 
brown  grouitd  ;  whilM  the  method  prefenwl  here,  given  red-rtained  rod«  upon  n  bbic 
groutiil.  Tliis  is  the  lesuti  dial  has  been  fouitd  by  far  ihe  moat  useful,  fur  it  is  much  more 
e««y  for  the  eye  of  the  average  student  to  detect  a  minute  red  body  npon  a  blue  ground 
than  it  i«  to  find  a  minnte  lilue  body  upon  n  bruwn  gmniKl.  Much  ubjectioo  is  conalamly 
raised  to  this  method  of  suining  becattse  of  the  time  that  must  elapse  before  die  mntenU  ii 
ready  for  the  nuctuscope.  and  innumcmble  short  rendy  methods  have  been  suggested,  act 
one  of  which  is  as  reliable  ns  this  but  many  of  which  are  much  more  used. 

The  most  cooimon  of  lltcsc  is  the  »o-called  ^lehlS  method.  In  this  method,  as  in  llie 
others,  advantage  is  taken  of  the  resistance  of  the  bacillus  of  tubertulosiM  to  decolorizing 
agents.  As  in  the  l)r»t  method  given  the  anilin  oil  is  u»cd  as  a  mordant  la  inten^fy  the 
action  iif  Ihe  I'lrsi  stain,  ?>o  in  this  meilKid  the  aid  of  a  still  wronger  iminlani  i'«  wiiight  and 
found  in  carbolic  acid.  The  firot  procedure  in  Ihe  Ziehl-Nielsen  method,  which  is  applicable 
only  lo  rover-G;lass«-_s  is  a.i  follows:  {\iser  ^lasMi^  |irt-[Bireil  after  the  uMial  method  are 
stained  in  carbol  furh«in  for  thirty  minute*  (this  time  mny  be  shortened  to  ten  minute*  by 
warming  the  staining  fluid);  deculoriic  in  »ulphuric  acid  (I  part  104)  for  a  few  seconds; 
waxh  in  water ;  a  contrast  stain  i<  obtained  by  watery  methylene  blue  for  two  or  three  min- 
ulrx ;  the  cover -glaftscs  are  then  thoroughly  wasJietl  in  water,  carefully  dried,  nnd  mounted. 
In  this  method,  ns  thetr  is  a  stronger  mordant  used  in  the  carbolic  acid,  so  there  is  a  stronger 
dccotomnt  used  in  lulphuric  acid.  F^^perience  has  demonstrated  tliat  while  thii-  «tain  may 
l>e  iiMrfut  for  showing  the  presence  of  large  numbers  of  bacilli,  it  eaniint  be  relied  upon 
when  tlirre  are  but  few.  <>f  thi*  metho<l,  a*  of  all  the  *hort  methods  yet  pTe*emed.  it  may 
be  said  that  if  one  linds  ixmIs  stained  red  on  a  blue  ground,  the  presence  of  the  bacilli  may 
be  ikcknowte^efl ;  yet  If  such  rud.s  are  not  found,  the  ab«rnce  of  the  bacilli  cnnnoC  wiln 
safety  l>c  asserted. 

lialthei's  melltod  of  waining  i«  one  freqnently  uv.-'i,  ctimbining  the  decolori«ii»g  awl  the 
Mcond  stain,  t.  ."^tain  coier-glasKrs  with  cartolfuclisin,  hut,  fur  one  minale.  2.  Wail  1  in 
water.  J.  One  half  minute  in  l->abbel'%  methylene  blue  (Methylene  blue  3,  sulphuric  add 
25,  water  75).     4-   Wash  iboroughly.  dry,  and  inounL 

Id  c&amitiing  mspeclcd  material  for  purpoieis  of  diagnosis  in  tuberculosis,  cover-glase 
preparations  are  10  be  made  in  quite  large  numbers,  and  thoroughly  Mudied  after  being 
ataiQedbranctiriooreof  the  methods  suggested  ;  but  iuotulilion experiments  are  sometimes 
mmMfuJ  when  the  miciu>copic  ctaminnTinn  fatia,  fto  that  reeuurve  !>houId  be  lud  li>  the«e 
inoculation  cxpvrimenu  if  the  mailer  'if  diagtwsis  is  one  of  importance  and  the  microscopic 
examination  has  faile<l  to  demiinsirate  the  bacilli.  Inonilatinn  experiments  are  more  com- 
monlv  neCMsary  in  iIk-  d<agnii*is  of  *nrgical  tuberculi •»] »  thno  in  oihet  li-rm"  of  the  disease. 
The  bacillus  being  more  often  present  in  the  gniiiulalion'k  ami  lining  roembrunes  of  abscess- 
cavities  it  i*  to  be  looked  for  especially  in  these  tismes  rather  than  in  the  contained  (laid. 


Kic.  I. — Gitnococcus  in  pus,  stained  by  Ncis!<er's  method;  camera  laclda,  oc.  4.  oil 
immersion   ^  (Zeiss). 

i'ln.  2. — Croupous  pneumonia  sputum,  showing  Frilnkel's  diplococcus  and  capsules ; 
Ziehl's  carboUruchsin;  camera  lucida,  oc.  4,  oil  immeision  j>,  (Zeiss). 

t'lc.  3. —  Bacillus  tuberculosis  in  sputum ;  Koch-Ehrlicli  stain;  camera  lucida,  oc.  4, oil 
immersion  ^j  (Zeiss). 

Fir,  4. — Bacillus  tuberculosis  in  human  gland;  Koch-Ehrlich  stain;  camera  lucida,  oc. 
4,  oil  immcrsiiyn  ^  (Zciss^. 

P'iG.  5. — Bacillus  actinomyccs  in  human  gland;  stained  by  Gram's  method;  camera 
luciila,  oc.  4.  obj.  5  (Zeiss), 

hid.  6. — Anthrax  bacilli  in  the  heart's  blood  of  a  mouse;  fuchsin;  cunere  lucida,  oc.  4, 
nil  imnier.>ion  ^  ^Zeiss). 


I 
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|>TOces»es  may  not  infrequently  be  made.  In  the  lixsues  th«  fbngus  formf  little  ronml  tnnsvA, 
the  Urgent  ticiiig  iif  l)ir  tn/e  iif  u  Mitall  pin's  head,  tying  fiee  in  the  pus,  if  the  hreuklng 
down  of  the  liMU>es  h.i«  ^one  so  far  at  wupnuratidn.  <ir  emtteiMeil  in  tVir  graniilnr  ti^^ur. 
They  may  ))c  of  vatiuuv  c<jt(fr»,  uitully  deseritted  as  yellow,  but  this  is  not  the  most  comuioD 
appeanince.  Tbev  .ire  more  ftcquently  while,  greenish,  nr  aInioM  hlack,  whiUt  they  may 
b«  also  lTnn»pan::il  or  jelly-like.  Under  thv  inartiscopc  there  occur  :  1.  Fil*in«nts,  «j  ihe 
avcrOKC,  0.5  u  in  diameter,  and  oflcn  of  cotisidcnible  length  (Plate  3,  Fig.  $).  In  ihc  center 
of  tile  colony  these  tilAn)eni»ar«  frei^ucnily  interlaced,  and  at  ihc  edges  often  spread  out  in  » 
more  or  less  symmetrically  ladialiiiK  manner.  'The  name  "ray  lurtgvf"  has  been  giren 
be<cauMof  thi«  ap|ienmnce.  3.  Coeci  or  i-unTdJ.i,  which  are  spherical  botlies  fnnned  frDtn 
the  tdaments,  prubably  by  transverse  subdivision.  3.  Clubshapcd  bodies  found  at  the 
periplirry  n(  ihc  colnnles,  nntl  rc«lly  the  filament*  wtlh  s-wollen  shcaihf. 

Tliese  organism*  do  not  slain  by  Oram's  mclhort,  liiit  lake  (he  C(inlra*l-vliin.  They  do 
nu4  alway*  occur  in  affeciul  huinan  liNNues,  hut  may  b«  (tmnd  wty  frevjuenlly,  practically 
always,  in  the  ox,  and  in  the  tissues  from  this  anioial  they  retain  the  gentian  violet  in  Gram'i 
■tain. 

The  origin  of  this  parasite  is  probably  on  gnin,  especially  nn  harlej'.  Tlie  iibuining 
of  |wrc  cullure*-  i%  ffslrcwicly  difficiilt,  and  while  growth  utgur*  at  the  ordinary'  teuperalure 
of  ihe  room,  it  is  very  slow.  Portions  of  the  tissue  should  be  broken  up  on  the  surfnce  of 
gtyccnn-agar  .inO  placed  at  the  trinperature  uf  the  IkkIv.  If  llicri-  arc  iiu  ot)icr  bacteria 
present,  in  three  or  four  days  the  colonies  will  appear  in  the  form  uf  !>inall  tnni^jMrent  ilropK, 
gnduatly  enlarging,  fomiing  roumled  olcvatifn*  of  a  reddish -yellow  color.  The  colonies 
■re  dull,  adhere  U<  iIil-  surface  of  the  agar,  and  sometimes  have  a  wrinkled  siirl'ace  and  an 
appearance  a«  if  thry  had  Wen  covered  with  a.  brownish 'yet  low  powder.  The  parasite 
STOWS  well  also  in  the  aruiSrobic  condition  on  agar.  Unopened  egf^s,  cither  freah  or  boiled, 
have  also  been  u^,  the  tnnrulatinn  bring  modtt  thmugh  a  small  hole  drilled  in  (he  diell, 
which  is  a^erward  close<l.  On  ^cIdIIii  whole  spheiic.Tl  twlonies  appear,  and  ihcre  occurn 
very  slow  li([uefnctiun,  Ihc  liiiuHied  ;t(irtiiiri  bring  browni.-ih  and  thick,  with  the  coKniics  at 
the  bottom  as  little  balls.     The  growth  upoa  potato  is  vi-ry  «imilnr  to  thai  upon  agar. 

AntJirax  (  IVwijorifrs'  liii^o-ir  :  AMi^aii/ /Mi/n/.- ,-  Sf'ienu  frt-rr^. — Tliis  privevi,  with 
its  buitlliis,  is  of  great  interest  because  it  is  one  of  the  first  in  which  Ihe  bacteria  were  coti- 
nectrd  with  disease:  by  reaKuti  of  the  fact  that  the  action  uf  ijemiicidea  is  icitcd  upon 
anthran  spores ;  and  because  Ji  was  one  of  the  lirst  atTeclians  in  which  immunity  by  the  use 
of  attenuated  culture*  wa*  wiughl  lo  be  obtained. 

The  hactlli  occur  in  the  blood  and  tissues  of  man  or  animals  aitaclced  by  anthrax 
(Hate  3.  Fig.  61.  They  arc  from  6  to  8  u  long  and  about  1.2  ^  broad,  wilh  square  or  slightly 
concave  end.s.  'ITiey  sometimes  occur  in  long  chains,  frecptenily  in  pairt  arranged  md  to  end, 
Tbcy  Btain  well  wilh  .ill  the  basic  anilin  colors,  and  by  Oram's  mellKMl,  allhoitgh  a  >.iiuUuu!> 
application  of  the  dt--tx)li)riMi;g  ttuiil  i>  ncrcsdry  in  order  m  avoid  M-inovirig  ih<;  getiiian 
T)olct  from  many  of  Ihe  bacilli.  On  gelatin  plates  the  colonies  develo]\  in  from  twcntv-four 
lu  thirty-six  hours,  ait  verv  wavy  bodies  radiating  from  Dircenter  outwanl  like  lot-ks  uf  liair. 
Id  a  day  or  Iwo  a  liquefacii'in  begin>  which  slowly  extends  through  lo  the  boiiom  of  ihe 
gdadn.     In  gelatin  tubes  an  appearance  is  seen  Minilar  l«  thai  of  Ihe  coluuic*  irt  gelatin 

ElaleSt  the  growth  appearing  along  Ihe  needle-lmck  as  a  whitish  tine  sending  out  radiating 
nei  and  presenting  the  appearance  of  an  invertctl  tir-lrce,  whitidi,  and  accompanied  by 
liquebcliun  »lowly  prugrrMiing  downward  fntin  the  upper  portion  of  the  gelatin.  In  agar 
plates  ibc  colonics  arc  apparent  twelve  hours  after  incubation  at  a  temperature  of  37"  C, 
under  a  low  power,  presenting  this  very  marked  wai^  apj^earancc.  Under  a  high  power 
the  wary  appearance  apparently  radiates  out,  and  temiinaiea  not  in  a  [>oint.  hnt  in  a  turn 
upon  itself;  m  that  it  is  probable  that  the  entire  colony  is  a  thread  twisted  on  itself.  t>n 
the  surface  of  agar  there  is  a  moist,  profuse  growth,  slighily  rierated.  .-ind  whiii<b  in  color, 
tbnwing  the  wreathol  af^Kantnce  that  is  seen  in  plale-cullurrs.  The  colonies  on  bloud- 
senim  arc  the  same  as  on  agar.  In  bouillofl  there  ajniears  a  shreddy  gmwlh  th.-it  liiier 
becomes  more  abundant,  scliling  as  a  Aocculent  mass  to  the  bottom  of  (he  tiuid.  On  potato 
(liete  is  a  thick,  moist,  wbilisli  layer,  without  any  M|>ccial  cliaraclcristirv  Tlir  Imcillus 
grows  rapidly,  producing  spores,  does  not  produce  gas.  Iit]uefies  gelarin  slowly,  does  not 
prodiKe  pigment,  i»  staine<l  readily  with  any  uf  the  aiiiliu  tulora,  and  unually  by  Gram's 
melhnd,  and  is  pathogenic  to  all  snveplible  animals. 

For  diagnostic  purjKisei  covcr-glas.'i  prc]>ar.ition«  may  be  made  frvm  the  Auid  in  (he 
Tctklcs,  or  from  M'rapings  of  the  imisnl  [lustule,  and  may  be  stained  with  watery  Hilutions 
of  any  of  the  anilin  colors,  aivd  by  t^ram'*  method.  The  bacilli  are  not  umtally  foutwl  in 
tbe  blood.  Mmr  and  Ritchie  give  a  verj-  wise  caution  thai  the  parts  should  be  handled 
cuefnlty  and  gendy  in  aliempu  at  diagnosis,  otherwise  the  dil^sion  of  the  bacilli  Into  wr- 
roaadiHg  titMies  may  be  forced,  and  ihc  condition  greatly  aggravaied.  Ilale-cultures  should 
■Im  be  maile,  aa  well  as  inoculations,  if  posiiire  results  are  rwl  obtained  by  the  mien)4co{>tf 
■lone. 

Tetanu*. — The  edology  of  teunus  was  slow  in  develofment,  frooi  a  bacteriolof;ica] 
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point  of  view,  for  the  reason,  demonstrated  after  a  long  series  of  investigations,  that  the  bacil- 
ius  of  tetanus  does  not  grow  ia  cultures  fn>m  tissues  excepting  under  anaerobic  conditions. 

This  bacillus  was  6rst  dcscHhed  by  Nicolaier  in  1885,  but  Kitasato  was  the  first  lo  snc- 
ceed  in  cultivating  il  separate  from  other  bacteria.  The  bacillus  itself  is  from  4  to  5  /i  long 
and  0,5/1  broad,  with  somewhat  rounded  ends  (Plate  1,  Fig.  5),  and  without  any  special 
characteriiitics  except  when  il  is  in  the  spore- producing  stage.  In  this  case  the  spore  occurs 
at  one  end  of  the  rod,  is  round,  and  has  a  diameter  three  or  four  times  the  thickness  of  the 
rod.  In  specimens  stained  with  a  watery  solution  of  gentian  violet  or  methylene  blue  the 
spores  are  unstained  excepting  at  the  edges,  so  that  the  appearance  of  a  small  ring  is  pro- 
duced. The  rods  occur  singly  or  in  threads.  The  bacilli  are  motile,  and  when  stained  to 
demonstrate  the  cilia,  these  are  seen  to  occur  either  singly,  or  at  both  ends,  or  all  about  the 
rod. 

Inasmuch  as  the  bacillus  does  not  usually  grow  excepting  under  anaerobic  conditions, 
ordinary  plate-cultures  are  not  commonly  attempted  for  obtaining  the  pure  cultures  from  any 
dischai^e  in  which  the  spore-bearing  tetanus  bacilli  have  been  seen.  Muir  and  Ritchie 
suggest  the  following  method  : 

Inoculations  with  the  suspected  material  are  made  in  half  a  dozen  deep  tubes  of  glucose- 
agar,  previously  melted  and  kept  at  a  temperature  of  100°  C.  After  inoculation  these  tubes 
are  again  placed  in  boiling  water,  and  kept  for  varying  times — from  half  a  minute,  lo  one, 
two,  three,  four,  live,  or  six  minutes ;  they  are  then  plunged  in  cold  water  until  cold,  and  are 
afterward  place<l  in  an  incubator  at  37°  C,  in  the  hope  that  in  one  or  the  other  of  the 
tubes  all  the  organisms  present  will  have  been  killed  except  the  tetanus  spores,  which  can 
then  develop  in  pure  culture.  The  isolation  of  the  tetanus  bacilli  is  in  manycases  a  difficult 
matter,  and  various  expedients  must  be  tried.  If  the  attempt  at  securing  pure  cultures  be 
successful,  further  cultures  can  be  made  in  deep  upright  tubes  of  glucose-gelatin  or  agar. 
In  agar  the  growth  is  not  characteristic,  the  colonies  appearing  as  small  nodules  along  the 
needle-track,  with  very  slight  formation  of  gas ;  in  glucose-gelatin  the  growth  occurs  an 
inch  or  two  below  the  surface,  and  consists  of  fine,  straight  threads,  rather  longer  in  the 
lower  than  in  the  upper  part  of  the  tube,  radiating  out  from  the  needle-track,  together  with 
slight  liquefaction  and  slight  gas- formation.  Growth  also  occurs  in  blood-serum  and  glu- 
cose-bouillon under  anaerobic  conditions.  By  far  the  best  development  is  at  a  temperature 
of  37°  C,  and  only  in  the  absence  of  oxygen,  the  bacillus  being  anaerobic.  Spores  are 
produced  at  the  end  of  twenty-four  hours  in  cultures  grown  at  37°  C,  much  later  at  lower 
temperatures.  The  bacillus  produces  gas  in  sugar  media,  may  be  stained  easily  by  any  of 
the  anilin  dyes  and  by  Gram's  method,  and  is  pathogenic  lo  the  lower  animals,  reproducing 
the  disease  upon  inoculation  in  small  quantities.  There  is  very  little  to  be  found  micro- 
scopically, except  localized  punctate  hemorrhages  in  the  spinal  canal ;  not  much  change 
occurs  in  the  other  organs  of  the  body. 

Attempts  have  been  made  to  determine  the  nature  of  the  tetanus  toxin — for  with  this 
disease,  as  with  diphtheria,  the  main  symptoms  are  the  result  of  the  action  of  toxin  produced 
during  the  growth  of  the  bacillus — and  very  extensive  experiments  have  been  conducted  in 
the  direction  of  securing  an  antitetanus  semm. 

The  experimehts  in  the  production  of  immunity  t^ainst  tetanus  in  animals  have  been 
successful  ;  but  the  use  of  the  serum  of  immunized  horses  in  cases  of  human  tetanus  has  not 
been  equally  so,  probably  because  the  symptoms  of  tetanus  do  not  appear  sufficiently  marked 
until  the  progress  of  the  disease  has  passed  beyond  the  stage  at  which  curative  treatment  is 
likely  to  be  successful. 

For  the  bacteriolc^c  examination  of  a  suspected  case,  there  should  be,  first,  the  micro- 
scopic examination  of  the  secretion  from  the  wound,  which  may  easily  fail  unless  the  dnim- 
stick  forms  are  found  ;  cultures  in  deep  tubes  of  glucosc-agar  or  glucose- gel  a  tin  should  be 
made,  kept  at  the  temperature  of  the  body  for  twenty-four  hours,  and  then  examined,  when 
the  spore-bearing  bacilli  may  be  detected  ;  finally,  inoculation  experiments  should  be  tried 
upon  mice  or  guinea-pigs. 

Occasionally  it  seems  to  be  true,  as  demonstrated  by  Theobald  Smith,  that  the  tetanus 
bacillus  will  grow  in  mixed  cultures  not  under  the  ordinary*  anaerobic  conditions.  In  such 
cases  a  possible  explanation  is  that  the  oxygen  in  the  nutrient  medium  is  used  up  by  the 
other  bacteria.  Advantage  has  been  taken  of  this  peculiarity  by  R.  M.  Pearce,  now  of  the 
University  of  Pennsylvania,  who  has  succeeded  in  isolating  the  teLinus  bacillus  from  a 
mixed  cuhnre  in  which  it  had  developed. 

Malignant  Edema. — This  disease  occurs  in  human  beings  as  a  spreading  inflamma- 
tory edema,  accompanied  by  emphysema,  and  later  followed  by  gangrene  of  the  skin  and 
adjacent  parts.  The  disease  is  produced  by  the  bacillus  of  malignant  edema,  first  described 
by  Pasteur  as  the  "  vibrion  septique."  Like  the  bacillus  nf  tetanus,  this  bacillus  is  present 
not  uncommonly  in  gardenioil,  manure,  and  various  putrefying  fluids.  It  is  rather  a  large 
bacillus,  occurring  in  rod*  from  3  to  lO  u  long,  not  infrequenllv  growing  out  into  long  fila- 
ments, but  on  solid  media  generally  occurring  a^  short  rods  with  somewhat  rounded  ends. 
It  is  motile,  with  tlagella  placed  on  the  sides.     It  forms  spores,  which  are  present  usually 
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ai  a1)ou[  the  center  of  thr  m'l.  As  ihis  bncilLuii  develops  naly  under  anafmhio  (xirxliitani, 
it  tnny  lie  dtTcreniUtetl  by  thi«  fnci  nlnne  from  ihc  anthrax  bncillus  which  it  »oai«wb«t 
rvKcmtilea  undet  lliv  nikmic<)|>r. 

In  gclniin  pl«cri.  iimlcr  ftna^rtihic  conditiont,  the  colonio  appear  as  small  whitish 
poiiiLi,  nUitti  utiilcr  a  low  jmiuci  »liuw  radiuuiig  ■ppenraiicvs  mxjh  uiu>k<^l  by  a  zutie  uf 
I  malefaction.  In  <Ur[>  lulu-*  tif  (•hHri>f  |;flntin  ihf  Rrnwih  appMr^  n"  n  whitish  line,  diving 
off  iniiiuCe  Jioit  ^r>i:ciM»,  never  rau:hiii|£  wtihin  3n  mch  uf  the  tup  uf  the  mrJtum,  with 
ihe  uccurrence  nf  iKiurfni  litin  nnd  the  seilTiiig  uf  llic  colonics  to  thi.-  boliom.  In  dn-p  tubes 
of  glucoiC'af^r  al  n  tenip<*niure  of  37**  C  the  growth  i-i  very  mpid,  tuj  11  tinMid  white  line 
alont;  the  line  of  minciiin;,  with  lulcnil  prujccliuiis  here  and  there,  and  a  wry  profuK  am- 
duction  i^f  ga^  Th«  cultures  have  a  peculiar  heavy  odor  that  i>  <|ui(e  rharacieTii4»c.  The 
growth  is  rapid  :  it  produces  spures  tliat  arc  well  Men  within  (otly-eiKht  hours  at  J?"  C,  ;  it 
pmdu^es  gai,  li']iiclic->  gelatin,  and  iinini  eaMly  with  any  of  the  anilin  rolnm,  bit!  not  by 
Urasi's  method;  upon  sutjcutani.%:>u»  inoculalion  in  any  atiMrepIiblc  aiiiaiat  it  pn>duci:ft  the 
charatieris)ic  syin|ilomi  nf  wiili*>prriiil  fdeiitu,  ^;iS'|)fodu('lMiii,  iinil  giiiigrcne. 

For  purp(»»e*  of  diaK'>'>'^^-  '*'*'  au\:roscipe  \>-  not  particularly  UM^ful,  for.  uiicroKOpically 
the  bacillus  unlc«*  in  the  ^UlECM^  I'jxirc-pnjtiurtiun,  dne^  not  jNiMexschiiracteriHtics  suliicirnt 
to  identify  it.  Cultures  inay  be  made  in  gluciisc-geUtin  as  roll-cullurei,  snd  kept  iiiidcf 
ann£ivt>ic  conditions  If  the  iMcilli  c<>nUiin  vpiie>,  the  tloid  iitay  be  kept  at  a  letiijietaiure 
of  So"  C.  for  ten  tninnlcs,  and  then  a  deep  jjlucovc  agar  tube  ^ould  be  inoculnicd  and  kept 
at  the  iem(>erature  of  the  iMxty.  An  inoculation  cxjjcninciiC  with  the  sunpected  malcnul  majr 
al§o  be  trie<l  in  j^inea-pigs.. 

Bubonic  PlaSlie.—VVIiibt  bubonic  plague  docs  not  occur  endcmically  in  Aioerica. 
there  is  more  or  Icas  tMijiiant  ilnn|;rr  of  ii*  iranvnivvion  from  lion;:  Kong  or  India  In  the 
I^ilii-  (joaitl  ;  and  Ihe  fear  o-f  an  *-pidemic  »  u*  arou»ed  recently,  so  that  a  de>.m|>ii(ni  of  the 
bacillus  ileiciibed  iiidepemlenlly  )>y  Kilnuiln  and  bv  Yrr»in  may  not  beuul  uf  place. 

The  hacilhiH  is  found  in  the  glands  afTectrd  by  ihi^diseaseas  ^mall  oval  rodtt  with  rounded 
ends.  Many  of  the  bacilli  stain  at  the  ends  only,  leaving  an  un^tainctt  poilicin  in  the  center. 
They  untallv  occiir  lingly,  but  not  iiifmjnriitlyarc  found  in  pftir^ ;  and  in  cultures  e^pw'ially 
ill  fluid  medij,  tliey  have  a  tendency  tu  kiow  into  chaiti*!  1  Tlale  1.  Fig.  6i.  Tbe*  sre  non- 
n»>Tik-,  appearing  in  geliitiii  platr>  n^  Mnall  >)ihcrical.  whili*h  colonies,  wilhocil  l)i)iiefacl»iiii. 
In  ^elntin  tubes  the  colonien  (jrow  uloiig  the  nccdlc-lraik  as  iwiluted  globular,  wbiiisJi 
budjo,  with  a  tliiii,  »ciai-tninv|Mreni  layer  i;n  the  surface.  On  agar  the  growth  is  along  the 
liitc  of  the  ncedlc-trnck,  whili^li,  nmnoih.  shiny,  Mfincwhai  iraniparenl  in  appearance,  ami 
made  up  (if  iM>latcd  Loloiiie^  growing  togcfher.  The  satne  apj>earanee  ta  wen  uiton  hlond> 
•I'rutn.  tn  liouillon  the  growth  collcctK  especially  along  the  foot  attd  sides  of  tlie  lube. 
The  bacillus  grows  rapidly  at  the  icmpcralurc  of  the  iHidy,  or  a>  low  as  18**  C.  It  doe^t  not 
produce  spores ;  it  does  nm  |irofluie  ga-s  ;  it  doe«  not  lnpicfy  gelniin  ;  it  stains  easily  with 
any  of  Ihe  anttin  colors,  bol  does  not  stain  by  Ijram's  iiiethud. 

All  ihe  Mnallet  aniinaU  ii-iually  U-ted  for  I'xperiment  are  readily  susceptible  to  ihe  inocu- 
lation. 'I'hey  become  affected  with  an  inllammatory  swelling  uf  the  lymphatic  glands  and 
experially  by  a  pnifuK  diarrhea.  [Ihn:st>een  noted  thai  during  an  epidemic  of  bubonic 
plague  an  e*pe<riaily  high  rate  of  luorialicy  has  occurreil  among  t\\%  and  mice  in  (he  infected 
dittrict.  and  it  1*  tliought  that  Kuch  a  nwrtality  i^  not  inftequenily  the  beginning  of  an  epi- 
deniie  among  human  tteings.      Flic*  alxt  are  renftoTisiMe  fni  the  spread  of  the  discaie. 

Verain  a^^eani  to  hare  tircn  successful  in  his  allempts  to  secure  an  anli-plngue  serum, 
■od  Ihe  reports  are  now  sufEciently  detailed  lo  |>ermii  a  |m>per  appreeiaiion  uf  their  ^real 
tnpoflarure. 

Khlnoscleroma. — Rhinoseleruina  is  rare  in  America  and  in  Kngland,  but  is  not  tin- 
comnxiii  in  •onic  j-ail*  of  the  coiilmcni  of  Eiiriijie.  It  U  characteriied  by  chronic  nodular 
ihickeningi  of  the  skin  or  the  mucous  inemliraiie  of  the  noise,  pharynx,  ]ar\tix,  or  trachea. 
In  the  tissues  of  thcM  nodules  bacilli  have  been  found — short  oval  rods  %urrv»«nded  by  a 
distinct  lajMule. 

In  iis  mirroscopic  and  culiumi  appeamnces  ihe  tndllus  of  rhinoxlemmn  rcsemWr*  very 
closely  that  uf  Krie<llli>dcr ;  and  while  flight  ditTerences  have  been  made  out.  it  is  tudunbt- 
edly  a  memt>er  of  the  aane  |[renp.  These  diflereiKe'S.  as  summariml  by  Bautngarlen,  are 
that  lliit  ba(.illu>>  alwaya  Ha^a  capsule,  in  cultttro  ai  well  a*  in  the  lis«uei  ;  that  it  i*  mure 
decideilly  i^hI  -ha|Kt|  than  the  bacillnsof  Kriedlinder  ;  and  thai  it  'Plains  l>y<>ram's  method, 
whil»l  FricdUndrr"'!  ha<.illu»  docs  not.  The  baciIliLi  of  rhiiioicleroma  is  a  short  bacillus 
with  rounded  ends,  occurring  singly  and  in  pairs,  and  s«rr»>unded  by  a  distinct  cajxule.  It 
U  non-motile.  On  gelatin  f^atex  the  coloniei.  appear  as  yellowiih-whlte  granular  laxlies  in 
two  or  three  days.  In  gelatin  tubes  the  gruwtli  appears  along  the  needle-tiack  as  a  whitish 
granular  line,  and  m  an  nlmo%t  hemiipherical  elevation  on  the  surface,  giving  the  appear- 
ance, in  profile,  of  a  lound  headed  iinil  driven  into  the  gelatin.  l.'|>on  the  *urf4ce  of  agar 
the  gniwlh  1*  pnifn<^  along  and  on  l»lh  ftiiln  of  l)ie  needle  track,  as  a  dirty-white  nvnM 
layer  ;  on  potato  a  piofuse  cream-white  growth  occurs  along  the  surface.  The  best  growth 
ia  ai  ft  temperature  of  J7^  C     Tlie  growth  i«  fairly  m|Hd.     The  baciUua  is  non-npoiebear- 
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ing,  non-Iiauerying,  and  a£rohic.     It  stains  easily  with  any  of  the  atiilin  colors,  and  by 
Gram's  metnod,  and  is  pathogenic  for  mice  and  guinea-pigs,  but  less  so  for  rabbits. 

The  Bacillus  aerogenes  capsulatus,  as  described  by  Welch  and  Flexner.^  is 
an  interesting  bacterium  that  may  be  found  at  autopsies,  and  which  has  been  shown  to 
possess  pathogenic  properties  in  man.  It  is  a  rod  from  3  to  6  /J  in  length  and  0.5  to  I  /i  in 
breadth,  with  rounded  or  square  ends,  occurring  singly,  in  pairs,  and  occasionally  in  chains 
or  threads.  Being  strictly  anaerobic,  cultures  must  be  made  under  these  conditions.  Colo- 
nies are  gray  or  brownish- white,  with  a  central  darker  spot  by  transmitted  light,  increasing 
to  2  to  3  mm.  in  size.  Deep  colonies  may  be  oval  or  spherical,  with  feathery  projections. 
The  bacillus  is  non- pathogenic,  but  the  tissues  of  animals  (rabbits)  killed  immediately  afier 
the  intravenous  injection  of  a  suspension  of  bouillon,  and  kept  for  a  few  hours  at  a  tempeis- 
ture  of  30°  (o  50°  C,  contain  a  lai^e  amount  of  gas  and  many  bacilli. 

DEVELOPMENT  OF  SERUM-THERAPEUTICS. 

The  advance  in  our  knowledge  of  bacteria  has  led  to  great  increase 
of  activity  in  attempts  to  prevent  the  appearance  of  the  symptoms 
of  an  infectious  disease  after  exposure  to  its  virus,  or  the  arrest  and 
cure  of  these  symptoms  after  they  have  made  their  appearance.  Such 
attempts  have,  of  course,  been  made  from  the  time  when  medicine 
began,  but  have  met  with  the  smallest  amount  of  success  so  far  as  the 
use  of  dt-ugs,  as  this  term  is  commonly  employed,  is  concerned.  The 
first  efforts  with  a  knowledge  of  the  bacteria  and  their  action  as  a  basis 
were  those  in  which  the  attempt  was  made  to  secure  the  attenuation 
of  the  virus  of  the  disease,,  and  the  use  of  this  modified  virus  against 
an  attack  of  the  disease  itself  The  idea  underlying  this  is  the  substi- 
tution of  a  disease  of  a  milder  type  for  that  of  the  full  strength,  the 
attack  of  the  milder  form  being  supposed  to  protect  the  system  against 
the  more  virulent.  Such  attempts  have  been  carried  on  with  at  least 
partial  success  in  such  diseases  as  anthrax  and  rabies.  They  represent 
the  direction  in  which  the  earliest  efforts  of  Pasteur  and  his  followers 
were  made.  These  investigators  have  not  thus  far.  however,  seemed 
to  define  any  general  principle  upon  which  further  work  may  be  based, 
nor  do  their  results  seem  to  serve  as  a  foundation  for  reasoning,  ex- 
cept in  the  individual  disease  that  the  experiments  cover. 

Tuberculin  is  the  result  of  efforts  along  a  different  line,  and 
illustrates  the  attempt  to  establish  a  different  principle.  It  con- 
sists essentially  of  the  nutrient  material  in  which  the  bacteria  have 
grown,  freed  of  the  bacteria  by  filtration,  but  containing  all  the  com- 
pounds that  have  resulted  from  their  growth.  The  use  of  this  material 
(tuberculin)  is  an  example  of  the  second  method,  by  means  of  which 
it  has  been  sought  to  secure  curative  effects  in  infectious  disease;  that 
is.  by  the  application  of  the  products  of  bacterial  growth,  as  obtained 
in  the  test-tube,  to  the  destruction  of  the  organisms  that  produced 
them,  or  at  least  to  the  arrest  of  the  development  of  these  organisms. 

The  third  and  apparently  the  most  successful  method  for  combat- 
ing the  infectious  diseases,  from  the  therapeutic  point  of  view,  is  the 
employment  of  certain  properties  that  may  be  naturally  present  or 
artificially  produced  in  the  blood-serum  of  various  animals. 

It  is  a  long  time  since  the  theor\'  that  immunity  might  be  due  to 
some  deterrent  element  in  the  blood  was  suggested — this  substance 
being  something  that  would  prevent  the  growth  of  the  invading  bac- 
teria or  neutralize  their  toxic  products — and  it  ha.s  been  an  exceedingly 
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difficult  matter  to  sift  the  conflicting  evidence  offered.  The  first  cx- 
perimentiil  researches  were  negative  (Grawitz  and  Gamaleia);  but  in 
1884,  (irohmann  showed  that  fresh  serum  exerted  an  attenuating  in- 
fluence upon  the  bacilli  of  symptomatic  anthrax;  Fodnr  found  that 
fresh  blood  destroyed  them;  while  Nuttall  established  the  fact  that 
organic  fluids  (serum,  aqueous  humor,  pericardia!  fluid),  really  possessed 
the  power  of  destroying  bacteria,  and  that  this  gcnnicidal  action  was 
taken  away  by  raising  these  fluids  to  a  temperature  of  above  50*  C. 
Buchner  found  that  this  power  rested  solely  in  the  serum,  and  that  the 
breaking  up  or  mixing  in  of  the  blood-corpuscles  masked  or  diminished 
its  activit>'.  Following  liuchncr,  the  impoitant  work  was  that  of 
Ogata  and  lasuhara,  and  Behring  and  Kitasato  in  pointing  out  the 
great  influence  of  the  fluid  portions  of  the  animal  tissues  in  the  pro- 
duction of  immunity.  From  the  work  uf  these  authors  it  appears  that 
immunity  is  due  to  the  action  of  albuminoid  substances,  called  by 
Hankin  "defensive  protcids."  which  have  the  power  of  (i)  destroying 
pathogenic  bacteria,  (2)  of  attenuating  them,  or  (3)  of  neutralizing  the 
ctTccLs  of  or  destroying  their  toxic  products. 

First  as  to  the  "  germicidal  protcids."  Certain  animals  have  in  their 
blood  and  the  otiicr  fluids  of  their  body  substances  endowt.'d  with  a 
very  considerable  germicidal  action,  an  example  that  h;is  been  much 
studied  being  the  blood  of  the  white  rat.  These  animals  arc  refrac- 
tor)- to  inoculation  with  anthra.x,  and  the  re;tson  for  this  immunity  tA 
a  di-sease  .so  virulent  has  been  found  (Hehring)  to  exist  in  the  fact  that 
the  animal's  blood-scrum  destroys  the  bacterium.  Uy  comparative 
tests  it  was  shoivn  that  2.5  c.cni,  cif  rats  serum  would  have  the  same 
germicidal  action  as  would  the  same  quantity'  of  corrosive  subUmate 
in  the  strength  of  i  :  1000,  or  of  carbolic  acid  i  :  50.  To  appreciate 
this  fact  it  is  necessary  to  consider  another  quality  of  these  chemicals 
— their  toxic  action  upon  the  animals.  It  thus  appears  that  the  sub- 
limate and  carbolic-acid  solutions  wll  kill  the  animal  in  a  dose  one- 
fifth  to  one-seventh  of  that  necessary  to  secure  their  germicidal  action, 
and  cannot,  therefore,  be  thought  of  for  internal  antisepsis.  On  the 
other  hand,  the  germicidal  protcids  arc  present  in  quantity  sufficient 
for  complete  activit>'  in  the  serum  of  a  perfectly  healthy  white  rat. 
These  protcids  are,  therefore,  the  least  toxic  of  all  germicides  known. 
Many  points  are  still  to  be  made  out — as,  for  instance,  such  an  appar- 
ent contradiction  as  that  the  germicidal  power  does  not  in  all  cases 
correspond  to  the  natural  immunity  of  the  animal  that  furnishes  the 
serum ;  but  at  least,  as  the  experimental  knowledge  of  the  subject  has 
increased,  working  hypotheses  have  been  suggested  for  most  of  these 
contradictions. 

The  second  class  of  these  proteids  is  made  up  of  the  "attenuating" 
varieties,  the  existence  of  which  was  first  suggested  by  the  fact  that 
the  bacteria  of  symptomatic  anthrax  were  attenuated  in  virulence  when 
injected  into  animals  refractory  to  the  disease,  whilst  their  vitality  was 
not  interfered  with.  The  experiments  of  Ogata  and  lasuhara  first 
showed  that  the  attenuating  property  lay  in  the  serum  of  the  animals 
experimented  upon.  The  existence  of  these  attenuating  proteids  has 
been  demonstrated  by  other  observers  in  anthrax  and  other  dis 
cases. 
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The  progress  of  research  has,  however,,  shown  that  there  is  a  tlurd 
class  of  protcids,  the  antitoxic  ;  and  their  discovery  is  the  most  impor- 
tant of  all,  not  only  because  the  results  obtained  with  them  are  so 
important,  but  because  it  almost  appears  that  the  germicidal  and 
attenuating  proteids  are  to  be  included  among  the  antitoxic.  The  two 
former  are  supposed  to  act  upon  the  bacteria  themselves ;  the  last, 
upon  their  products.  The  first  announcement  of  results  in  this  direc- 
tion was  made  by  Behring  and  Kitasato  in  1890.  They  had  found 
that  the  blood  of  rabbits  protected  against  tetanus  had  the  power  of 
destroying  the  toxic  alkaloid  of  tetanus  (tctanin)  during  the  lifetime  of 
the  animal  attacked,  and  that  it  was  not  only  possible  to  protect  an 
animal  against  inoculation  of  the  tetanus  bacilli,  but  also  to  cure  it 
after  the  appearance  of  the  symptoms  of  the  disease.  The  application 
of  these  facts  to  human  tetanus  has  not  been  as  successful  as  was  at 
first  hoped  for,  probably  because  it  is  not  usually  possible  to  apply  the 
remedy  sufficiently  early  in  the  disease. 

Almost  in  the  same  week  with  the  announcements  of  Behring  and 
Kitasato  with  reference  to  tetanus  came  those  of  Frankel  and  Brieger 
upon  diphtheria,  which  have  been  followed  by  such  striking  results  in 
the  treatment  of  this  disease  in  man. 

Very  similar  results  have  been  obtained  in  animals  in  the  case  of 
some  of  the  suppurative  bacteria,  the  streptococci,  and  in  anthrax  and 
swine-erysipelas.  The  important  fact  has  also  been  demonstrated  that 
each  disease  is  a  problem  by  itself,  and  that  the  minuter  details  of 
technic  must  be  worked  out  for  each  one. 


CUAPTKR   II. 

HYPEREMIA;  INFLAMMATION)  LOCAL  INFECTION  AND 
ITS  TERMINATIONS. 


HYPERJEMIA. 

The  oil!  term  "congestion  "  was  used  to  denote  a  condition  closely 
allied  to  inHainm;ition,  but  as  pathotogj'  and  histolog)*  became  more 
accurate  the  condition  known  as  hyperemia  was  sharply  defined  from 
inflammation.  The  term  was  used  to  denote  a  functionat  mstcad  of  an 
orj^anic  disturbance.  Inflammation  was  then  divided  into  simple  and 
septic  inflammations,  the  former  being  causetl  by  trauma  in  some  form, 
and  the  latter  by  bacteria.  Since  the  recoj^'iiition  of  bacteria  as  the 
source  of  a  constantly  enlarging  number  of  inflammatory  processes, 
some  writers  have  inclined  to  the  view  that  all  true  inflammations  are 
septic.  Many  of  those  processes,  known  still  as  inflammations  by 
most  writers,  but  which  could  not  be  placed  under  lliis  category,  have 
been  assignetl  by  some  surgeons  (Park  and  Senn)  back  again  to  the 
domain  of  "  congestion." 

If,  however,  we  adhere  closely  to  palliologica!  and  physiological 
conditions,  wv  find  that  there  is  an  cssenii.il  difference  between  the 
hyperemias  and  even  the  simpler  forms  of  inflainmatinn.  In  hyperemia 
we  have  a  more  or  less  transitor>'  change  of  function,  which  leaves  the 
tissues  essentially  as  they  were  before.  In  inflammation,  on  the  other 
hand,  there  is  a  distinct  organic  change  brought  about  by  an  influence 
which  has  produced  more  profound  disturbance. 

Hyperemia  signifies  an  increased  amount  of  blood  in  a  part,  and  is 
in  contrast  with  ischemia,  which  means  a  decreased  flow  of  blood  to  a 
part.  It  is  of  two  kinds,  active  and  passive.  In  active  hyperemia 
there  is  an  increased  flow  of  arterial  blood  In  passive  hyperemia 
there  is  a  slowing  of  the  blood-current — a  stagnation — and  the  blood 
is  venous  in  color. 

Active  Hyperemia. — In  this  form  of  hyperemia  there  is  an  in- 
crcasctl  rapidit\-  <if  the  flow  of  blond  throvigh  both  the  arteries  and 
veins,  and  the  color  of  the  part  is  a  bright  red ;  there  is  even  an  arterial 
color  in  the  smaller  veins  of  the  part,  and  at  times  they  seem  to  pul- 
sate. Under  the  microscope  it  can  be  seen  that  the  capillaries  are  filled 
with  arterial  blood,  and  they  also  appear  to  be  dilated  (Fig.  1 1).  Or- 
dinarily there  is  no  edenia.  as  the  vessels  hold  the  fluid  and  no  exuda- 
tion takes  place.  It  is  rare  that  there  is  any  extravasation  of  blood  as 
the  result  of  active  hyperemia.  There  is  an  increased  warmth  in  the 
part  affected,  as  more  warm  blood  from  the  interior  of  the  body  flows 
through  it. 
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The  vasomotor  nerves  concerned  in  these  functional  changes  are 
the  vasoconstrictors,  the  vasodilators,  and  the  perivascular  ganglia. 

Hyperemia  of  paralysis  is  that  form  of  active  hyperemia  produced 
by  the  paralysis  of  the  vasoconstrictors.  This  condition  may  be  pro- 
duced experimentally  by  division  of  the  splanchnics,  which  produces  a 
dilatation  of  the  mesenteric  and  renal  arteries.  This  congestion  may 
be  so  extensive  as  to  withdraw  blood  from  the  greater  part  of  the  body, 


Flo.  II. — Normal  circulation  in  vein,  artery, 
and  capillary. 


Fir.  la. — Circulation  in  hyperemia. 


producing  a  condition  similar  to  that  known  in  the  so-called  Goltz  ex- 
periment, which  consists  in  tapping  the  abdomen  of  the  frog  with  light 
but  frequent  blows.  This  causes  a  temporary  cessation  of  respiration, 
heart-pulsation,  and  muscular  action,  from  which  condition,  however, 
the  animal  speedily  recovers, 

Grijningen  reports  the  case  of  a  laborer,  lyinp;  on  hits  back  after  a  full  meal,  who  was 
playfully  hit  upon  the  stomach  with  a  plank ;  in  fifteen  minute.s  he  was  dead,  and  at  the 
autopsy  no  structural  lesion  could  be  found  in  any  part  of  the  body.  A  more  familiar 
example  of  hyperemia  of  paralysis  is  gunshot  injure-  of  the  cervical  sympathetic,  in  which 
flu!ibing  of  that  side  of  the  face  occurs,  and  alwi  dilatation  <)f  the  pupil  of  the  same  side, 
with  redness  of  the  conjunctiva,  secretion  of  tears,  and  bypcridrosis.  Such  a  condition  has 
been  obser%ed,  after  fracture  of  the  clavicle,  from  pressure  on  the  cen'ical  sympathetic. 

Hyperemia  of  irritation  is  caused  by  irritation  of  the  vasodilator 
nerves.  It  is  shorter  and  quicker  in  its  action,  and  is  accompanied 
often  by  other  active  nervous  symptoms,  such  as  pain.  The  flushing 
accompanying  facial  neuralgia  and  herpes  zoster  is  supposed  to  belong 
to  this  variety.     Reflex  hyperemias  belong  to  this  class. 

Hyperemia  caused  by  paralysis  of  the  perivaseular  ganglia  is  that 
form  produced  by  purely  local  causes,  such  as  pressure.  This  is  the 
form  seen  after  removal  of  the  Ksmarcli  bandage,  or  tapping  the  abdo- 
men for  ascites,  or  suddenh'  emptying  an  overdistendcd  bladder. 
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Active  hyperemia,  of  whatever  form,  is  a  passing  condition,  and 
when  the  congestion  has  subsided  there  is  no  appreciative  change  in 
the  artected  part.  It  may,  how- 
ever, predispose  to  inflanmiiitoty 
changes,  as  tlie  resistinj^  power  of 
a  tissue  thus  al^cted  is  diminished, 
and  a  soil  may  be  made  favorable 
to  bacterial  infection. 

Passive  hyperemia  is  duo 
to  parti.'il  or  coiiipkic  nbstruction 
of  the  tl"w  of  blood  thn.iuyh  the 
veins.  It  is  purely  meclianical  in 
character.  There  is  cyanosis  of 
the  part  affected,  and  its  tempera- 
ture is  subnormal.  If  the  small 
veins  and  capillaries,  when  in  this 
condition,  arc  observed  under  the 
microscope,  they  are  founil  to  he 
distendeii  with  blood-corpuscles 
which  appear  to  be  more  or  less 
fused  together.  The  flow  of  blood 
ceases  at  certain  points,  and  ex- 
travasation of  red  blood-corpuscles 
occurs  (Fig.  1 3).  There  is  at  the 
same  time  an  escape  from  the  vessels  of  a  certain  amount  of  fluids 
giving  rise  to  edema. 

A  bimiltnr  example  i»  ttm  in  the  lower  Mtrtmilics  in  varicnfc  vein*.  Here  till  the 
S(a|trs  of  ihc  procrse  can  be  Mcn.  .\t  hrsl  Uietc  is  uniy  cilcfau.  Lulci  Uieci;  U  ugmeiila- 
lioo  of  the  «km,  flue  to  (he  deitniciion  of  the  csimvdMtcd  red  blo'id-corpuBCirs.  The 
Impairnieni  of  the  liuues  thu^  hroughl  at^>ul  nuy  ultitiuilcly  lead  to  ulceration.  Hypostatic 
CongMlion  i*  another  form  of  passive  hyiwremia,  ■nd  when  il  occurs  in  ihe  lungs,  as  it  ofteti 
does  in  Ihe  aged  when  confined  to  bed.  >t  okay  pave  the  way  for  pneumonia.  It  is  due  to 
Ihc  cnfechLNt  rtrculaiion  Jn  many  fanns  of  disease  that  pressure  upon  certain  points  of  the 
body  mdily  causes  pauive  conecttion  and  ^nsiit— thus  giving  rise  to  t>ed-»orei. 


Fig.  13. — Pmivc  hyperemia. 


INFLAMMATION. 

Inflammation  may  be  divided  into  two  principal  varieties — simple 
and  infective.  To  the  former  variety  belong  those  produced  by  trauma 
or  injur>*  (such  as  a  fracture)  anil  those  due-  to  chemical  action  (such  as 
that  produced  by  drugs,  as  .salivation,  or  that  produced  by  ivy-poison- 
ing, or  the  action  of  cscharotics).  The  infective  inflammations  are 
tho.se  produced  by  bacteria  or  the  chemical  substances  evolved  by 
them. 

In  simpie  infiammation  we  have  a  disturbance  in  the  nutrition  of  a 
part,  brought  about  usually  by  trauma,  which  ha.s  been  best  expressed 
by  the  word  "damage."  It  may  be  defined  as  a  lesion  in  the  mechan- 
ism of  nutrition,  owing  to  which  its  efficiency  is  impaired,  but  which,  if 
not  so  severe  as  to  cause  death,  is  followed  by  changes  favorable  for 
the  protection  and  repair  of  the  part. 

As  uill  be  seen  presently,  there  is,  in  addition  to  the  congestion  of 
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hyperemia,  a  leakage  of  the  vessels  which  gives  rise  to  exudation  and 
other  processes  which  produce  an  organic  change  in  the  part  affected. 

It  was  formerly  supposed  that  these  changes  were  part  of  the  proc- 
ess of  repair,  and  that  a  smart  reaction  was  needed,  after  an  injury,  to 
bring  about  an  active  reparative  process  to  ensure  the  healing  of  a 
wound.  The  changes  produced  by  inflammations  are,  on  the  contrary, 
those  expressive  of  damage  rather  than  repair.  In  the  type  of  inflam- 
mation of  which  we  are  speaking  there  are  no  progressive  changes 
such  as  arc  seen  in  the  infective  form,  but  simply  those  resulting  from 
injury.  They  are  fortunately  of  such  a  nature  as  not  to  interfere  with 
the  process  of  repair,  which  in  due  time  makes  itself  manifest. 

The  causes  of  simple  inflammation  are  not  only  trauma,  but  all 
those  which  are  not  bacterial.  In  addition  to  the  chemical  action 
above  referred  to,  the  question  has  been  raised  as  to  the  role  played  by 
the  nerves  in  inflammation. 

The  influence  of  the  nei-ves  has  long  been  recognized  as  an  agent 
active  in  the  nutrition  of  a  part.  The  theory  of  the  trophic  action  of 
the  nerves  was  based  upon  the  experiments  on  the  vagus  and  tri- 
geminus. 

Arter  division  of  the  ophthalmic  branch  of  the  fifth  pair  a  necrosis  of  the  cornea  occurs, 
and  the  so-called  vagus- pneumonia  follows  division  of  that  ner\c.  These  inflammations 
are  now  classed  with  the  infective  inflammations,  as  it  is  known  that,  the  protective  inner- 
vation having  been  withdrawn,  the  tissues  are  exposed  to  bacterial  action.  Still,  clinically, 
we  meet  with  many  types  of  inflammation  so  intimately  associated  with  reflex  action  that  It 
is  difficult  to  assume  that  all  are  due  solely  to  bacteria.  Many  of  the  cases  of  urethral  fever 
which  are  supposed  to  be  typical  examples  of  reflex  inflammation  are  now  well  known  to  be 
due  to  infection  ;  but  a  certain  number  are  difficult  to  account  for  in  any  other  way  than  by 
an  action  of  the  nenes.  The  nerves  may  at  least  be  placed  in  a  prominent  position  among 
the  predispo.sing  causes  of  inflammation.  Age  also  has  a  marked  influence  upon  the  process. 
Disturbances  of  nutrition  in  growing  children  lead  readily  to  inflammations  which  are  not 
likely  to  occur  in  adults,  such  as  affections  of  the  mucous  membranes  and  the  bones.  In 
<ild  age  the  power  of  resistance  to  invading  organisms  is  less  marked,  and  sepsis  is  mare 
readily  produced.  Morbid  conditions  of  the  blood  (such  as  gout,  scurvy,  and  diabetes) 
subject  the  patient  to  inflammation  of  the  joints  and  of  the  mucous  membrane  and  the  skin. 
Climate  is  also  a  potent  factor. 

Inflammation  was  primarily  divided  into  several  varieties,  such  as  idio- 
pathic, traumatic,  sthenic,  and  asthenic.  These  terms  are  now  largely 
discarded.  Such  terms  as  "  hemorrhagic,"  "  parenchymatou.s,"  and 
"  interstitial  "  have  more  interest  for  the  pathologist  than  for  the  sur- 
geon. 

Pathology. — The  seat  of  inflammation  is  the  connective  substances 
principally — that  is,  those  parts  concerned  in  tlie  nutrition  of  the  body. 
If  we  take  the  connective  tissue,  wo  find  these  changes  observed  in 
their  simplest  form.  The  first  change  noticed  is  in  the  blood-vessels. 
If  a  frog  be  paralyzed  by  curare  and  a  loop  of  intestine  be  drawn 
through  an  incision  made  in  the  abdominal  wall,  the  action  of  the  ves- 
sels can  readily  be  studied  during  the  inflammatory  process  excited  by 
the  exposure  of  the  peritoneum.  There  is  at  first  a  marked  active 
hyperemia.  Tlie  vessels  are  distended  with  arterial  blood,  and  numer- 
ous capillaries  are  obser\'ed  which  before  were  invisible.  The  increased 
rapidity  of  the  blood-flow  lasts,  however,  but  for  a  short  time,  and  is 
followed  by  a  slowing  of  the  current,  which  soon  becomes  slower  than 
normal.     A  marked  change  now  occurs  in  the  interior  of  the  small 
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veins  and  capillaries.  Along  the  walls  or  the  veins  there  may  now  be 
noticed  an  accumulation  of  white  corpuscles,  which  increase  in  number 
to  such  an  extent  that  the  entire  vessel-wall  appears  to  be  lined  with 
tliem.  I'resently  tlie  phenomena 
of  diapedesis  of  the  white  cor- 
puscles (Fig.  14)  takes  place,  and 
leukocytes  are  found  in  large 
numbers  in  the  surroundinjj  con- 
nective tissue^  At  the  same  time 
there  is  considerable  leakage  of 
fluid  or  blood-plasma  from  the 
vessels  into  the  meshes  of  the 
surrounding  tissue.  The  fluid 
coagulates,  and  in  the  fibrils  of 
fibrin  which  are  thus  formed  are 
found  the  white  cor|*uscIes.  This 
is  known  as  "  exudation."  Fibrin 
is  formed  by  the  union  of  the 
fibrinogen  of  the  blood-plasma 
with  the  paraglobulin  and  fibrin- 
ferment  found  in  the  white  blood- 
corjjuscles.  These  leukocytes,  in 
virtue  of  their  ameboid  move- 
nients,  waniler  freely  in  the  tis- 
sues,   and    the    exudation    then 

spreads  over  a  considerable  microscopic  area  (Fig.  15).  Many  of 
them  break  up  and  hberatc  the  substances  necessar>'  for  the  process 
of  coagulation. 

It  will  be  seen  that  the  process  here  described  is  essentially  different 
from  hj*peremia.     The  vessels  have  been  damaged  and  leak,  and  tlie 
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Fir..  i4.~Th«  blood-veueU  in  iRflammabaii : 
DLapedesis  of  white  cor|>u£cl(!s. 


FlC.  IS. — ^AiDcboid  movcmeott  of  a  leukocyte. 

changes  in  their  power  to  conduct  the  blood  through  them  arc  marked. 
The  rapidity  \vith  which  the  blood  flows  varies  greatly  in  diflcrent  parts 
of  an  inflamed  area.     On  the  periphery  the  velocitj*  of  the  current  is 
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greatly  increased.  The  nearer  we  approach  the  central  point  of  an 
actively  congested  area,  the  slower  is  the  current ;  and  at  times  when 
the  tension  of  the  part  has  been  greatly  increased,  there  may  be  stasis 
or  stoppage  of  the  flow.  There  is  great  variability  in  the  rapidity  of 
the  flow  of  blood,  according  to  the  local  conditions. 

The  changes  seen  in  the  blood  in  simple  inflammations  are  not  im- 
portant, the  increase  in  the  number  of  white  corpuscles,  or  leukocytosis, 
being  more  characteristic  of  infective,  or  more  strictly  speaking,  sup- 
purative inflammations.' 

The  changes  seen  in  the  tissues  are  those  produced  by  the  great 
increase  in  the  cells  of  the  part.  The  cells  of  connective  tissue  are 
known  as  the  fixed  and  the  wandering  cells.  The  fixed  cells  are  stellate 
or  fusiform,  and  lie  hidden  between  the  fibers  which  constitute  the  prin- 
cipal portion  of  the  intercellular  substance.  In  addition  to  these  are 
the  small  round  cells,  containing  one  or  more  nuclei  and  a  granular 
protoplasm,  in  all  respects  resembling  the  white  corpuscles  of  the  blood. 
These  are  the  so-called  wandering  cells.  When  the  tissues  are  irritated 
or  inflamed,  these  cells  are  found  in  large  numbers.  When  the  theory 
of  cell-emigration  was  adopted  there  was  an  inclination  to  reject  the 
old  theory  of  cell-proliferation.  The  numerous  cells  found  in  a  part 
were  supposed  to  be  emigrated  leukocytes,  and  the  subsequent 
changes  found  in  the  part,  by  which  new  tissue  replaced  the  old,  were 
supposed  to  be  effected  largely  through  the  agency  of  the  wandering 
cells. 

After  an  inflamed  tissue  has  reached  this  stage,  we  find  that  the  cells 
of  the  part  predominate  over  all  other  elements.  The  intercellular 
substance  becomes  less  apparent,  the  fibers  disappear,  and  a  granular 
material  takes  their  place.  The  tissue  is  thus  considerably  modified  in 
its  physical  properties ;  it  becomes  rigid  and  less  pliable,  and  at  the 
same  time  loses  its  tough  and  flexible  characteristics.  A  "  cake  "  forms, 
which  indicates  the  outline  of  the  inflamed  area.  The  tissue  thus 
formed  is  known  as  "  granulation-tissue,"  for  it  is  of  tissue  like  this 
that  the  granulations  seen  upon  the  open  surface  of  wounds  are  com- 
posed. When  the  inflammatory  process  begins  to  subside,  these  cells 
gradually  disappear :  some  wander  into  the  adjacent  lymphatics  and 
are  taken  back  into  the  circulation  again  ;  others  are  broken  down  and 
absorbed.  New  intercellular  substance  makes  its  appearance,  and, 
with  the  gradual  process  of  repair,  new  tissue  is  found  to  replace  any 
loss  of  substance  which  may  have  occurred  during  the  inflammatory 
process.  If  these  different  stages  follow  one  another  without  suppura- 
tion having  taken  place,  the  inflammation  is  said  to  have  terminated  by 
resolution.  The  same  scries  of  processes  is  observed  in  wounds  heal- 
ing by  first  intention,  and  it  is  in  this  way  that  the  edges  of  a  wound 
become  adherent  and  finally  unite. 

There  has  been  much  dispute  about  the  functions  of  the  leukocytes.  WTien  Cohnbeim 
first  brought  them  to  the  attention  of  the  profession,  he  assumed  that  they  perfonned  the 
duly  in  the  process  of  repair  hitherto  ascribed  to  the  cells  of  Ihe  part.  The  fixed  cells  were 
thought  by  him  to  take  no  part  in  the  process  of  repair.  It  has,  however,  been  shown  that 
the  fixed  cells  undergo  active  changes,  by  means  of  which  cell-division  and  multiplication 

I  See  section  on  Palliology  of  the  Blood. 
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occar.  In  ihe  iiucl«iis  chan(te«  known  ns  kiTynkinc^is  occnr.  by  iticdns  nf  vhJi-h  the  *•»■ 
CsllnJ  ukIhkI  L'vll-divixiun  Xnkit  place  (Fig.  lb).  Many  of  the  new  cells  scvn  in  the  in- 
flamed part  are  the  (jflTsprinji  <>(  suth  chanzc^  ll  is  lh«c  cells  which  play  n  jjnwninenl  jioft 
in  the  ptoccss  of  repair.  Ii  i»  now  (liuuglit  that  many  of  the  leukocytes  which  nre  scm  in 
sudi  large  numbers  bcrvc  as  pabulum  fur  the  prollfcmting  Axed  cells  i^id  Uiat  utlicr»  plaj 


i^^ 


Fig.  i6.— <^han|e*  occurring  in  thrDucleiu  of  a  cell  during  procci*  of  diviiioo  by  karyokinuit. 

the  rtl«  of  scavenger^  owing  to  the  power  po<v»«ed  hy  them  of  Bi>pr:)pTiating  panicle*  of 
fortign  bodi«s  or  bacU^ria  and  Ir.ui^pucliii};  Ihrin  to  distaitl  points.  The  u-sefulncu  nf  ihe 
Imkucylcs  in  eonKuniinp  and  rrrcising  poriirto*  fif  hmkrn  down  ti«*uc  rnn  ra«Iy  l»r  undrr- 
«iK>d,  n*  it  i»  in  this  way  that  iihKirptiim  in  fiiLililatcd.  by  lucans  uf  which  dispo»al  is  luade 
of  dead  MilkMnnccs,  blood  clots,  exudaiinns,  and  bacteria. 

Oils  which  arc  specially  aiduwnl  with  this  prvpcrtyarr  known  lu  phagocytci  (Fig.  17), 


Flo.  17- — nufMyte  (root  exudate  of  cercljroapinal  incnltiKiliE.  containing  leuko4;ytei  uu) 

ce]|Klelritu&. 

and  ar*  nippoMid  to  nerciv;  a  protrdirc  influence  in  the  body.  This  theory  wu  advanced 
by  Mct'chnikoff,  wbo  showed  that  in  thii><r  di-<a>o.  in  which  iht  tissues  were  noccumbing 
10  the  bacteria,  no  niicm.orgaiiisnis  were  ft^und  in  lhe>c  cclU ;  but  dint  in  case  Ihe  system  wna 
able  to  throw  off  Ihe  loctcria.  rnnains  of  deMmycd  micra-orESniiinis  mtrt  fonnd  in  the 

^^^^riuwocytev 

^^^^  McUchnikoff  endeavoml  ia  thii  way  In  explain  the  iminuiuty  which  cenaln  liirors  haT« 
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for  certain  forms  of  bacteria.  Although  the  nmibnctcrinl  action  or  anliti 
th<'  hlotxI-M'rum  nrc  now  better  understoud  thaii  wtieu  lliia  theory  wu>  li 
ihetiry  o(  {iha)^H:yiiH.iK  Mill  hns  many  adhctcnt<),  and  it  is  probable  that 
protuincnt  pan  in  ttic  pnlhniti[;icnl  piT>cr¥.<<  in  pmlerting  ihr  kurmundinj 
invaititjii  of  disease.  Thes«  are  ihc  priuL-iiMl  chiin|>e«  oh^etyH  in  an  in 
there  is  no  nuppunitioi].  ami  when  rc^jiair  follows  after  the  Mibsidcncc  of  th 
qviptoms  af  itiflammalion  which  have  reatilied  from  injut}-. 


FlC.  18.— Ginni  cell  containiiit;  y.. 


i.icilli  ID  ths  subcuianeou 
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Symptoms  of  Inflammation.— There  arc  five  cardii 
of  itiflamtnation — paiit,  heat,  redness,  swelling,  and  imp; 
(dolor,  calor,  rubor,  tumor,  and  funclio  Uvsn], 

These  symptoms  var>'  ^really  in  difltrcnt  forms  of  inf 
in  inflammation  of  different  tissues.  In  tlie  simple  inf 
sucli.  for  instance,  as  that  following  a  fracture  o(  the  leg- 
is  not  so  marked  as  in  an  acute  septic  inflammation.  In  i 
of  the  internal  organs  there  is  no  increase  of  heat  ove 
surrounding  healthy  structures.  In  bone  there  is  at  fin 
when  it  is  inflamed. 

The  rubor  or  redness  is  due  to  the  increased  detcrmin; 
to  the  part.  In  acute  inflammations,  particiilarh'  in  the 
the  color  is  bright  red  or  scarlcl.  An  incision  witli  the  1 
quick,  gush  of  bright  arterial  bh»nd.  The  color  is  light 
riphery  of  an  inflammatory  swelliiig,  and  deepens  towar 
wnere  the  current  is  more  impeded  in  its  action.  In  very 
of  JFiflammation  the  congestion  is  often  excessive,  ant 
vessels- arc  ovcrdistcnded  with  red  blood-corpuscJes.  Uti 
cumstances  there  may  be  an  escape  of  the  red  coqiu.sc 
the  leukocytes  through  llic  walls  of  the  vessels,  and  in  su 
are  collecteil  together  in  !iule  grotips,  forming  pimctiform 
This  condition  Is  seen  in  the  "  heinnrrliiigic  "  foritis  of 
An  abundant  exudation  may  dimini>li  the  brightness  of  t 
give  it  a  yellowish  tinge.     The  color  of  an  inflamed  muco 
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is  much  deeper  than  that  of  the  skin^  owing  to  the  dose  proximitv'  of 
the  blond-vesscls  to  the  surface.  The  color  is  absent  in  bloodless  parts, 
as  the  cornea. 

The  tumor  or  swelling:  is  due  to  the  exudation  poured  out  from 
the  vessels  into  the  inllamed  part.  Tliis  collects  in  the  meshes  of  the 
tissue  or  is  poured  from  the  surface  of  the  incnibranes.  In  easily  dis- 
tensible parts  near  an  acute  inHaniination  the  amount  of  fluid  exuded 
U  quite  large.  This  is  known  as  collateral  etiema.  The  prepuce  and 
the  eyelids  are  often  greatly  swollen  even  where  the  amount  of  adjacent 
inflammation  is  slight  In  the  thigh  we  may  have  exudation  and  swell- 
ing on  a  large  scale  following  fracture  of  the  bone  or  an  acute  osteo- 
myelitis. 

Tlie  dolor  <ir  pain  is  due  to  the  pressure  on  the  terminal  branches 
of  the  nerves,  and  consequently  it  differs  greatly  according  to  the  dis- 
tensihility  of  the  part  or  to  the  amount  of  exudation  or  to  the  iiervc- 
supply.  In  unyielding  tissue,  such  as  bone,  the  pain  is  at  first  most 
severe.  In  all  tissues  the  pain  is  more  severe  at  the  beginning  of  an 
inflammation,  while  the  tissues  arc  in  process  of  being  stretched. 

Pain  is  of  dilTerent  kinds.  Throbbing  pain  is  due  to  the  extra 
pressure  exerted  by  the  arterioles  during  systole  in  somewhat  rigid 
and  .sensitive  parts  like  the  fingers. 

Koring  pains  are  felt  in  chronic  inflammation  of  bone.  A  lancinating 
pain  suggests  the  breaking  down  or  tearing  apart  of  tissues  during  the 
approach  of  pus  to  the  surface,  and  is  suggestive  of  the  "  breaking  " 
of  an  abscess. 

Soreness  is  a  form  of  less  severe  pain ;  it  is  due  to  an  acute  inflam- 
mation in  a  yielding  but  superficially  sensitive  structure.  The  boil  is 
the  proverbial  type  of  this  form  of  pain. 

Itching  is  always  said  to  be  a  good  sign,  and  correctly  so.  for  it  is 
the  residual  morbid  scn.sation  which  remains  when  pain  disappears. 
It  i.s  due  to  the  presence  of  the  products  of  exudation  in  the  ucinity 
of  the  terminal  nerve-branches. 

Some  portions  of  th«  twljr  are  f«r  in'>rr  omsitivc  thsn  olben.  l-lssurc  of  the  anus  is  an 
example  af  leverc  ]Mun  mused  liy  »  slig^l  dijituibanee  in  an  esltemcl}-  sensitive  ktcnlity. 
Ptio  in  certitin  ori^ni  if,  often  rvferrwl  to  distant  |MHult.  Thus  the  pain  of  a  diseaiicd  hip 
may  be  felt  in  ilie  knee.  I'uin  at  the  neck  of  Ihe  hUdder  'm  fell  at  rlir  mrntu*  nf  the 
urethra. 

Calor  tir  heat  is  due  to  the  increased  flow  of  blood  through  the 
inflamed  part.  The  amount  of  heat  generated  in  the  diseased  area  is 
extremely  small,  and  does  not  account  for  the  increased  warmth. 

The  fifth  and  last  .'lymptom  of  inflammation  i.s  functio  Isas.  A 
muscle  that  is  the  scat  of  an  inflammatory  exudation  is  rigid,  and  can- 
not conlract  like  a  healthy  muscle.  Mucous  membranes  may  secrete 
a  much  greater  quantity  of  mucus  when  inflametl,  or  they  may  be 
unnaturally  dry,  The  special  senses  are  all  impaired  in  their  functions 
when  the  corresp<:tnding  organs  are  inflamed. 

Inflammatloti  may  terminate  either  in  resolution,  in  death  of  the 
part,  or  in  suppuration. 

Termination  by  resolution  occurs  when  the  various  symptoms  grad- 
ually subside  and  the  part  returns  to  its  normal  condition.  This  is  seen 
in  simple  infl;mmiations  following  injury  when  the  process  of  repair  is 
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well  under  way.  A  simple  inflammation  does  not  tend  to  spread,  and 
its  symptoms,  after  full  development  during  the  first  two  or  three  days, 
begin  gradually  to  disappear. 

If  the  congestion  of  the  blood-vessels  has  been  so  severe  as  to 
cause  a  stoppage  in  the  flow  of  blood,  or  stasis,  the  affected  area  will 
die  and  a  "  slough  "  is  formed ;  or  if  the  area  is  extensive  the  change 
is  called  "  gangrene."  The  dead  part  is  separated  from  the  live  tissue 
by  the  formation  of  a  line  of  demarcation  caused  by  a  suppuration  of 
the  adjacent  living  tissues.  If  the  dead  or  necrosed  area  is  small,  it 
may,  if  on  the  surface,  form  a  dry  scab,  under  which  repair  of  the  lost 
substance  will  take  place  without  suppuration.  If  it  is  in  the  interior 
of  the  body,  it  is  usually  called  an  "  infarction,"  and  may  shrivel  and 
be  replaced  by  cicatricial  tissue,  also  without  suppuration. 

Suppuration  occurs  only  in  connection  with  bacterial  infection,  and 
will  be  considered  under  that  head. 

Treatment. — The  treatment  of  simple  inflammation  is  directed 
chiefly  to  relieve  the  symptoms  and  favor  resolution — that  is,  to  pre- 
vent such  injury  to  the  tissues  as  may  lead  to  death  or  suppuration. 
Rest  is  one  of  the  most  important  agents  in  minimizing  the  amount 
of  damage  to  the  parts  from  injury.  This  tends  to  keep  down  the 
exaggeration  of  the  symptoms,  such  as  the  swelling  and  the  pain. 
These  may  be  relieved  also  by  the  application  of  heat  in  the  form  of 
a  poultice,  or  of  cold.  An  ice-bag  placed  upon  a  knee  which  has 
recently  been  sprained  will  relieve  the  pain  and  frequently  prevent  an 
undue  exudation  of  synovial  fluid  into  the  joint. 

The  soothing  action  of  cold  usually  makes  it  a  welcome  application. 
If  the  swelling  is  great,  and  the  circulation  is  sluggish,  the  color  dusky, 
and  the  temperature  of  the  part  low,  cold  is  not  indicated,  as  the  vital- 
ity of  the  part  may  thus  be  imperilled. 

Cold  can  be  employed  by  means  of  either  a  rubber  ice-bag  or  the 
ice-coil,  by  means  of  which  a  continuous  stream  of  cold  water  may 
exert  its  influence  upon  the  part. 

Heat  acts  differently  according  to  the  degree  used.  Warm  poul- 
tices favor  an  increase  of  hyperemia  and  con.sequent  flushing  of  the 
part.  The  exudation  may  thus  be  increased  until  pus  forms ;  or  the 
flushing  of  the  part  with  fresh  blood-serum  may  produce  conditions 
unfavorable  to  the  growth  of  bacteria,  or  may  sweep  away  the  products 
of  exudation  and  thus  favor  absorption.  Greater  heat  constricts  the 
blood-vessels ;  thus,  a  hot  poultice  frequently  applied,  or  the  hot 
douche,  will  sometimes  check  an  incipient  inflammation ;  chronic  con- 
gestions are  often  greatly  relieved  in  this  way. 

Venesection  is  now  a  discarded  remedy,  but  was  not  without  value 
in  certain  critical  conditions.  Local  bloodletting  is  still  much  used  to 
relieve  the  dangerous  tension  caused  by  some  congestions,  or  to  favor 
the  resolution  of  obstinate  chronic  inflammations.  Leeching  is  an 
excellent  remedy  for  the  relief  of  local  pain,  and  has  also  a  stimulat- 
ing effect  upon  the  absorbents.  It  is  a  most  useful  means  of  relieving 
congestion  and  promoting  absorption  in  certain  cases,  and  would  doubt- 
less be  employed  oftener  were  nurses  properly  trained  to  the  applica- 
tion of  leeches.  In  some  injuries,  where  vessels  have  been  ruptured 
and  internal  hemorrhage  has  taken  place,  the  safety  of  a  limb  may  be 
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at  stake  when  the  swelling  of  inflammation  supervenes  upon  that  of 
the  injury.  The  skin  is  tense  and  shining,  the  color  is  dusky,  and  the 
binod  llows  slowly  back  into  its  channels  after  being  forced  away  by 
pressure.  This  condition  is  often  accompanied  by  severe  pain.  Under 
thfsit;  circumstances  free  incisions  arc  indicated  to  relieve  the  passive 
hy|>eremia.  The  venous  blood  can  now  escape,  and  is  replaced  by 
fresh  arterial  blood  whicti  otherwise  could  not  have  entered  the  Umb. 
The  relief  of  prejisure  opens  ihc  collateral  vessels,  and  the  circulation 
is  once  more  restored.  Such  ijici.sions  should  be  sufficiently  long 
and  deep  to  jjive  relief  to  tension.  They  should  be  carried  down 
thro\igh  the  skin  and  superficial  Ouscia.  and  ihrotij^li  the  muscular 
&scta  if  necessary.  If  done  with  thorouyh  aseptic  precautions,  a  sim- 
ple fracture  may  be  converted  into  a  compound  fracture  temporarily, 
and,  after  the  crisis  i.s  passed,  the  wound  may  be  closed  afjain  in  two 
or  three  days  if  desired.  Tlie  su|x:rticia]  scarifications  often  employed 
are  of  little  or  no  value.  If  it  is  dc-sired  to  avoid  a  long  incision,  alter- 
nating short  incisions  may  be  substituted,  or  numerous  deep  ptmclurcs 
can  be  made  with  the  i>fiiiit  of  llii:  knife,  and  ihe  (low  nf  blood  and 
scrum  may  be  promoted  by  anti-^epiic  fonient-itioiis.  Moist  applica- 
tions upon  fresh  open  woumls  thu<t  made  often  pave  the  way  for  future 
suppurations.  The  large  incision,  with  dry  aseptic  gauze  dressing,  is 
therefore  the  safer  method. 

Countcrirritalian  is  of  much  value  in  chronic  forms  of  inflammation, 
and  may  be  applied  by  the  actual  cautery,  the  blister,  or  by  milder 
measures,  such  as  tincture  of  iodin  or  mustard  plasters.  The  actual 
cautery  is  still  often  used  in  chronic  tuberculosis  of  joints  or  other 
chronic  forms  of  joint-inflammation.  It  may  be  ai>plied  by  the  Pa- 
queUn  cautery  on  several  isoLited  points  or  in  crossing  lines.  The 
.pplication  can  be  repeated  a  week  or  two  later.  Iodin  is  useful  when 
a  milder  and  more  continuous  irritation  is  de.sired.  The  part  to  which 
the  application  is  made  should  receive  two  coats  at  first.  The  iodin 
may  then  be  painted  on  daily  for  one  or  two  days,  after  which  it  is 
well  to  wait  a  day  or  two  for  the  irritation  thus  caused  to  subside 
before  repeating  the  application.  The  fly-blister  is  a  powerful  absorb- 
ent. If  such  an  effect  be  de<>ired.  a  blister  about  one  inch  square  may 
be  applied,  and  t^vo  or  three  days  later,  after  the  blister  thus  produced 
has  dried  and  the  skin  has  e.\folialed.  a  second  blister  may  be  applied 
upon  the  same  spot.  This  usually  produces  a  marked  irritation  of  the 
skin,  extending  to  the  subcutaneous  tissue.  When  the  swelHng  thus 
produced  is  absorbed,  the  old  infiltration,  enlarged  gland,  or  bursal 
effusion  also  frequently  disappears.  Drj'  and  wet  cups  are  out  of 
fashion,  but  arc  un<loubtedly  valuable  agent.s  in  the  dispersion  of 
chronic  and  deep-seated  exudations  which  resist  the  ordinary  reme- 
dies. 

Compression  is  a  valuable  agent  to  keen  down  swelling  in  the  early 
stages  of  inflammation  and  to  produce  the  absorption  of  effuMon  in 
its  later  stages.  It  mu.st  be  applied  with  care  whenever  there  is  any 
question  as  to  the  integrity  of  the  circulation.  In  injuries  of  joints  the 
effusion  is  often  markedly  restrained  by  equable  pressure,  and  the 
period  of  convalescence  is  thus  diminished.  Pressure  will  cause  old 
inflamed  glands  or  other  chronic  and  rebellious  sxveltings  to  disappear. 
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To  be  applied  efficiently  to  any  portion  of  a  limb,  it  shoi 
conjunction  with  a  splint.  Thus,  in  the  case  of  housen 
ham  splint  having  been  applied,  a  compressed  sponge  c 
size  can  be  bandaged  firmly  to  the  swollen  bursa,  after  w! 
should  be  applied  to  the  sponge  to  increase  the  local  pj 
whole  knee-joint  may  be  firmly  compressed  in  this  way. 

Rest  is  essential  in  the  treatment  of  inflammation.  ] 
pose  Ihe  patient  should  be  confined  to  bed  if  the  inflame* 
be  rested  in  any  other  way.  In  acute  inflammations  ol 
such  a  precaution  is  essential.  The  lower  extremity  si 
vated,  and,  indeed,  it  may  be  said  that  elevation  of  the  i 
wherever  situated,  is  a  valuable  adjunct  to  the  treatmen 
mation  of  the  prostate  gland  elevation  of  the  hips  often 
relief  to  the  symptoms. 

Physiological  rest  of  such  organs  as  the  bladder  or  the  brain  is  most  < 
cases.  In  some  brain  injuries  absolute  mental  quietude  is  essential  for  i 
the  accident.  In  certain  forms  of  chronic  cystitis  which  do  not  yield  to  oil 
opening  into  the  bladder  by  cystotomy  will  give  the  needed  rest,  and  is  < 
prompt  amelioration  of  the  symptoms. 

Massage. — After  the  inflammatory  swelling  has  subsic 
cles  are  found  to  be  smaller  and  less  pliable,  the  tendons 
easily  in  their  sheaths,  and  the  capsules  of  joints  are  ma' 
and  do  not  unfold  readily.  The  limb  is  stiff  and  u 
attempts  to  use  it  are  followed  by  increase  of  pain,  and  i 
some  of  the  other  of  the  old  symptoms  from  which  it  haf 
is  in  this  stage  that  massage  is  of  value.  Massage  is  deep 
is  a  great  advance  over  the  superficial  rubbing  produced 
By  massage  the  deep-seated  exudations  are  softened  am 
tion  in  the  deep  lymphatics  is  re-established,  so  that  absor] 
again.  The  circulation  of  the  blood  also  becomes  more  z 
the  disabled  parts  receive  proper  nourishment.  The  tern 
includes  kneading,  pressure,  and  such  manipulations  as  v 
rigid  into  limber  structures.  Passive  motion  is  a  valuabj 
massage,  as  it  stretches  muscles  and  thus  restores  their 
also  loosens  the  shrunken  capsule,  and  enables  the  tendoi 
and  fro  again  through  its  sheath.  Unless  the  parts  have  1 
sufficiently  by  massage,  passive  motion  may  lacerate  th- 
organized  exudations  and  cause  hemorrhage  and  inflamr 
will,  of  course,  retard  the  process  of  convalescence.  It  s 
fore  be  used  only  after  the  acute  symptoms  of  infiammati' 
sided  and  massage  has  paved  the  way  for  bending  and  s 
affected  tissues.  In  the  a^ed  and  feeble  the  disease  of  a  li: 
may  lead  to  permanent  disability  if  the  important  aids  to  1 
of  inflammation  are  neglected.  In  cases  of  injury  awa 
actions  of  tort,  this  portion  of  the  treatment  is  usually  n 
one  has  an  opportunity  to  see  how  long  a  limb  may  rema 
proper  measures  :ii'c  not  taken  to  restore  the  function  of  t 

Constitutional  Treatment. — The  old  heroic  methods 
and  emetics  and  resolvents  have  passed  awaj-.and  the  "  ar 
treatment  has  been  supcrsctlcd  by  the   antiseptic   treatmc 
now  generally  recognized  that  supporting  measures  are  of 
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sncc  ihan  the  old  depleting  system.  Indammation  nican.s  damaf^c,  and 
tbc  constituuonal  disturbimcc  which  precedes  or  accompanies  it  is 
usually  in  the  nature  of  either  shock  or  fever.  Both  oi  these  cunditions 
lower  the  viLility  of  the  system  and  rentier  it  less  cajiJiblc  of  exerting 
its  natural  powers  of  rccovciy.  Kvcr\'  opportunity  should  be  given  it 
lo  tio  thi3.  Rest  to  the  body  is  tlicrcforc  important,  as  well  as  rest  to 
the  injuied  member.  Tlierc  should  be  no  waste  of  tissue  or  strength 
allowed,  xs  all  is  needed  for  repair. 

The  patient  should  be  kq>t  quiet  during  the  ixrriod  of  pyrexia,  as 
at  this  time  the  system  is  i>eculiar!y  susceptible  lo  outward  influences, 
and  complications  of  various  kinds  may  in  this  way  be  avoided.  Suit- 
able rest  can  best  be  obtained  in  bed  if  there  is  much  fever,  and  under 
socfa  conditions  no  patient  should  be  allowed  to  be  the  judge  of  what 
nits  his  own  peculiar  temjjcrament.  Profjcr  ventilation  of  the  sick- 
dainbcr  is  essential,  bvit  neither  the  nurse  nor  the  patient  should  be 
allowed  to  decide  how  this  should  best  he  accomjiILshed. 

Diet  is  of  great  importance,  and  should  be  as  nourishing  as  is  pos- 

Ak  under  existing  conditions.      The  stomach  should  be  supplied  with 

■Bttitious  and  quite  digestible  food.     Milk  is  the  most  valuable  of  nil 

bqad  fonns  of  food,  and  can  be  readily  digested  at  all  {leriuds  of  life. 

ie  spite  of  the  popular  prejudice  that  it   is  apt  to  "  disagree."      Care 

sbould  be  taken  to  have  a  good  article,  and  if  there  is  any  doubt  as 

Id  its  qualit>',  it  should  be  sterilized,     Muxed  with  lime-water  or  hicar- 

boctaie  of  pota.ssium.  milk  is  less  liable  to  coagulate  and  to  cause  indi- 

feation,  and  if  given  at  lirst  in  this  way  and  in  small  quantities,  it  can 

illy  l>e  well  borne  even  by  those  who  are  unaccustomed  to  It  as  an 

of  diet.      It  is,  however,  contraindicatcd  after  ojKirations  upon 

IUk  perineum  or  rectum,  or  in  any  case  when  it  is  important  to  avoid 

[.fcr  sncral  days  a  mo\*cment  of  the  bowels,  owing  to  the  large  amount 

of  (ccal  residue  which  remains  after  it  has  been  digested.     A  liquid 

Act  uiihout   milk  should    be  employed  under  these  circumstances. 

iMcat-broths  should  then  be  substituted,  and  in  small  quantities,  some 

^af  the  lighter  forms  of  solid  food  may  be  given,  such  as  eggs,  or  finely 

;<kon)cd  meat,  or  beef-  or  chicken-jelly.     Tea,  cocoa,  and  coffee  in 

■all  quantities  relieve  the  monotony  of  this  form  of  diet.     Pure  water 

ihoald  always  be  gi^-en.  and  the  nurse  should  be  reminded  that  this  is 

Bcucntial  article  on  the  diet-list.    W^hen  given  in  small  quantities  and 

ficqucntly.  it  favors  hcat-dissip;ition,  helps  to  bring  about  lysis,  and 

cottrbutCA  greatly  to  the  comfort  of  the  patient.     In  a  few  days  after 

iwrpcal  operabon  a  varied  solid  diet  may  be  ordered  in  the  majority 

of  cues.     When  food  cannot   be   retained    by  the   stomach,  nutrient 

CBrmua  may  be  administered.     Knemata  of  water  or  of  normal  salt- 

lobtion  often  gi^e  great  relief  to  thirst.     A  few  drops  of  laudanum 

■qr  be  added  to  an  enema  if  there  is  any  doubt  about  the  patient  being 

Ale  to  rcitain  it. 

Akabolic  stimulants  arc  valuable  during  fever  if  the  pulse  shows 
•p»  of  weakness.  They  are  a  safeguard  against  sepsis.  The  slom- 
tdi  «bauld.  however,  be  carefully  watched  during  their  administration. 
^Uny  iniii\idudls  who  arc  wholly  unaccustomed  to  the  use  of  alcohol 
^  it  tttU  in  the  septic  forms  of  fever.  Then  alcohol  becomes  a  food, 
adoQc  o(  the  most  valuable  kind.     During  convalescence  light  wines 
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or  beer  will  prove  valuable  aids  in  restoring  strength,  and  are  often 
preferable  to  tonics. 

Antipyretics  have  little  permanent  influence  upon  fever,  and,  owing 
to  their  debilitating  effect  upon  the  heart's  action,  are  usually  contra- 
indicated  in  surgical  cases.  They  may,  however,  be  used  to  relieve 
pain,  particularly  of  a  spasmodic  character,  and  those  forms  of  pain  or 
spasm  which  recur  at  certain  regular  intervals.  They  may  then  be 
serviceable  in  breaking  up  an  annoying  complication  of  this  nature. 

Mercury  was  fomierly  used  with  great  freedom  in  all  inflammatory  processes,  as  it  iriis 
suiJiMSixl  to  exert  a  resolvent  action  upon  fibrinous  exudation.  Its  use  has,  with  justice, 
been  very  generally  discarded  at  the  present  time. 

Purgatives  were  also  used  freely  under  the  antiphlogistic  .system. 
They  are  now  indicated  only  as  a  preventive  against  the  storing  up  in 
the  intestinal  tract  of  materials  likely  to  lead  to  auto-inoculation.  They 
exert  a  derivative  action  in  threatening  inflammation  or  congestions  of 
the  meninges  of  the  brain,  as  they  relieve  the  tension  of  the  circulation 
and  remove  all  sources  of  reflex  irritation  from  the  intestinal  canal. 

In  threatening  peritonitis  laxatives  are  indicated  to  restore  the  nor- 
mal peristaltic  movements  and  to  act  upon  the  secreting  powers  of  the 
intestinal  mucous  membrane,  and  thus  draw  freely  upon  any  fluids  that 
may  exist  in  the  peritoneal  cavity  in  the  so-called  "  dead  spaces." 

Diaphoretics  arc  but  little  used  in  this  condition.  Mild  diaphoresis  is  of  value  in 
motleraling  fever  and  thus  contributing  to  the  comfort  of  the  patient.  The  judicious  use 
of  water  as  a  drink,  alone  or  combined  with  some  mild  drug,  such  as  sweet  spirits  of  niter, 
not  only  has  this  action,  but  is  alK)  sedative  and  diuretic. 

Anodynes  are  most  valuable  in  the  treatment  of  inflammation,  for 
they  not  only  relieve  the  most  disagreeable  symptom  of  inflammation 
— namely,  pain — but  give  relief  to  the  malaise  of  fever,  and  thus  favor 
repose.  Opium  in  the  form  of  morphin  is  perhaps  the  most  reliable  of 
all  anodynes.  When  a  moderate  action  only  is  required,  it  can  be 
given  by  the  mouth  in  doses  of  |  to  ^  of  a  grain.  If  there  is  any 
question  as  to  the  ability  of  the  .stomach  to  retain  it,  or  if  it  is  dis- 
turbed in  its  action  by  the  drug,  then  the  opiate  may  be  given  by  the 
rectum  in  a  stippositor>'.  Subcutaneous  injections  of  morphin  are  to 
be  used  only  when  the  pain  is  severe  or  a  rapid  action  is  essential.  In 
private  practice  the  administration  of  a  subcutaneous  injection  of  mor- 
phin should  be  a  rare  occurrence  with  the  surgeon.  Occasionally 
alarming  symptoms  of  heart-failure  are  produced,  perhaps  by  the  in- 
jection of  the  fluid  directly  into  a  vein,  or  from  idiosyncrasy.  The 
greater  danger  lies  in  the  "  habit,"  so  readily  acquired  by  patients.  The 
subcutaneous  injection  of  morphin  may  be  used  in  the  first  tw  enty-four 
hours  after  an  operation,  and  for  one  or  two  nights  aftt-r  a  jjainful  oper- 
ation but  it  should  never  become  a  routine  method  of  treatment. 

Bromid  of  potassium  will  often  relieve  many  attacks  of  so-called 
«  oain  "  which  are  really  nothing  more  than  discomfort  and  restlessness. 
Neuralllic  and  spasmodic  pain  can  be  relieved,  as  shown   above,  by 
^Knacetin.     Sulfonal  and  trional  are  both  useful  ^s  hypnotics,  the 
acting  rather  more  rapidly  than  the  forn  '  oth 

!n  in  their  action.     Chloral  in  small  do;  .' 

when  other  remedies  fail ;  but  cai 
.  not  become  too  accustomed  to 
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Tonics  arc  indicated  after  fever  has  subsided.  It  is  useless  to  give 
them  duriiiti  pyrexia,  as  tiicy  simply  aid  convalescence,  but  cannot 
prevail  over  an  unfiivorablu  cunditioii.  In  case  iyi  lever  they  become 
an  additional  burden  to  Ihe  stomach.  Tlicy  are  especially  mdicJited  in 
those  cases  where  the  appetite  flays,  and  where  it  is  desirable  for  various 
reasons  not  to  recommend  the  use  of  alcohol.  A  young  and  healthy 
patiait  will  convalesce  front  an  injury  or  an  operation  under  a  generous 
diet  without  the  aid  of  either. 

On  dischar<,'inij  a  patient,  careful  directions  should  always  be  given 
as  to  the  regulation  of  tlic  mode  of  life  and  the  precautions  needed  in 
the  care  of  local  conditions. 

The  average  pAiicnl  rc(pin1>i  an  opcnttion  u  *  {HUMCM  which  eruiblro  him  flrtcrward  to 
Aa  ««  hr  pli^stv.  Muriy  an  imporlHiit  i-use,  coodticled  vith  great  sk.'\\\  lliniu^ti  the  mliol 
tiaec*  of  hiratinu,  \ui\  linally  ounc  m  grief  thrmigh  ihc  neglect  nf  wnie  Miniile  precnuliuri* 
b)'  tlic  iKilicul  hiin-ncU.  A  cuiiral £■«;<: iit  i>  d  iiiati  iclictcd,  |j«Thx^«,  (ixwi  Miitit;  (jiave  Oii«u>*;. 
bul  for  the  lime  licing  with  MiM;e|itihiliiy  to  uiiiwiinl  coriiliiioos  lu  which  [ireviously  he  has 
be«a  »  klnuger. 

LOCA.L  INFECTION  AND  ITS  TERMINATIONS. 

That  form  of  inflammation  which  is  due  to  the  action  of  bacteria  is 
called  infective  inllamination.  It  differs  markedly  from  simple  inflam- 
mation in  the  st:verily  of  many  of  its  symptoms.  One  of  the  ini>sl 
characteristic  features  of  septic  inflammation  is  it.'*  tendency  to  spread. 
Simple  inflammation  involves  a  certain  area  in  a  short  space  of  time, 
according  to  the  amount  of  injury  inflicted,  and  then  steadily  subsides. 
Septic  inflammation  may  spread  indefinitely,  and  there  is  no  certainty 
as  to  the  extent  of  area  which  it  may  cover.  The  color  of  infective 
inflammation  is  also  quite  characteristic.  The  bright-red  blush  stands 
out  in  strong  contrast  to  the  surrounding  tissues.  All  the  symptoms 
are  usually  more  pronounced,  as  the  inflanmiation  is  esseniiatty  an 
acute  one.  There  is,  however,  great  variability  in  the  symptoms,  and 
in  some  of  the  most  malignant  forms  of  spreading  .sepsis  there  may  be 
but  little  change  in  the  color,  the  parts  a.ssuming  the  appearance  t>f 
edema.  The  constitutional  disturbance  is  always  well  pronounced,  and 
goes  hand  in  hand  with  the  local  conditions.  Septic  inflammation 
usually  terminates  in  suppuration. 

The  organisms  which  are  most  commonly  found  in  these  conditions 
are  known  as  the  pyogenic  organism-s.  They  produce  chemical 
changes  in  the  tissue  by  the  formation  of  a  toxic  substance  or  poison. 
The  substances  exert  a  peptonizing  action  upon  the  cells  of  the  part, 
and  cause  a  coagulation-necrosis  or  death  of  the  tissues  in  the  immedi- 
ate neighborhood  of  a  group  of  microbes,  and  bring  about  in  the  sur- 
rounding tissues  a  reaction  which  softens  them  and  changes  them  into 
pus.  In  this  way  the  affected  area  is  separated  from  the  rest  of  the 
body,  and  when  the  pus  escapes  the  products  of  disease  are  discharged 
with  it.  Under  less  favorable  conditions  the  reaction  is  less  eflectivc, 
the  organisms  continue  to  spread  in  the  surrounding  parts,  and,  al- 
though suppuration  may  take  place,  the  walls  of  the  suppurating  cavity 
contain  bacteria  which  are  still  in  active  growth  and  are  invading  new 
gions. 

The  most  common  forms  of  bacteria  found  in  suppuration  arc  the 
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pyogenic  cocci,  viz. :  i.  The  Staphylococcus  pyogenes  aureus,  albus, 
citreus,  and  epidermidis  albus.  2.  The  Streptococcus  pyogenes.  (See 
Chapter  I.)  In  addition  to  these,  there  is  a  variety  of  micro-organisms 
which  less  frequently  are  the  cause  of  suppuration. 

The  Bacillus  pyocyani'us  is  an  organism  found  in  green  and  blue  pus. 
It  is  not,  strictly  speaking,  a  pus-producing  organism,  and  is  generally 
associated  with  some  other  form  of  pyogenic  coccus.  The  characteris- 
tic grecnish-blue  color  is  usually  found  on  the  outer  margins  of  the 
stained  dressings.  The  Bacillus  pyogenes  factidus  is  found  in  the  offen- 
sive abscesses  in  the  neighborhood  of  the  rectum.  The  Micrococcus 
ti'tragenus  has  been  found  in  acute  abscesses ;  the  inflammation  pro- 
duced by  it  is  not  usually  severe,  but  is  somewhat  prolonged. 

The  Bacillus  coli  communis,  or  the  colon  bacillus,  is  found  in  normal 
discharges  from  the  alimentary  canal.  It  is  found  principally  in  the 
large  intestine.  It  is  a  source  of  suppuration  in  parts  liable  to  infection 
from  these  regions  of  the  body. 

This  ui^anism  is  found  in  active  growth  in  suppurative  and  gangrenous  appendicitis, 
and  has  also  been  found  in  other  forms  of  perforative  peritonitis,  and  in  suppurative  proc- 
es.ses  in  the  peritoneal  cavity.  Inasmuch  as  it  is  evacuated  with  the  discharges,  it  can  be 
obtained  in  cultures  taken  from  the  skin  in  the  neighborhood  of  the  anus,  the  vulva,  and 
occasionally  the  prepuce.  It  consequently  may  be  introduced  by  instruments  into  the  genito- 
urinary tract,  and  become  a  source  of  suppuration  along  this  route,  producing  cystitis  and 
pyelonephritis. 

Other  organisms,  under  favorable  conditions,  may  lead  to  suppura- 
tion, such  as  the  gonococcus,  the  pneumococcus,  the  typhoid  bacillus, 
and  the  organisms  which  produce  the  various  forms  of  traumatic 
infective  disease. 

The  Streptococcus  erysipclatis  is  now  regarded  as  identical  with  the 
Streptococcus  pyogenes.  It  does  not  usually  produce  suppuration,  but 
may  be  the  cause  of  minute  cutaneous  abscesses  or  the  spreading 
forms  of  subcutaneous  inflammation,  known  as  phlegmonous  ery- 
sipelas. 

The  Bacillus  tuberculosis  does  not  cause  the  formation  of  pus,  ex- 
cept possibly  in  exceptional  cases.  It  is  the  organism  which  causes 
what  is  commonly  known  as  cold  abscess. 

The  Ama-ba  coli  is  a  protozoon  found  frequently  in  the  intestinal 
canal,  principally  in  tropical  climates.  It  is  associated  with  certain 
forms  of  dysentery,  and  under  these  circumstances  may  produce 
abscess  of  the  liver.  The  contents  of  such  abscesses  are  a  thick, 
brownish-red  material,  the  products  of  broken-down  liver-tissue  rather 
than  true  pus.  When  the  latter  is  found,  there  is  probably  a  mixed 
infection. 

The  question  whether  suppuration  can  be  established  without  the 
intervention  of  bacteria  is  one  about  which  there  has  been  much  dis- 
pute. It  is  now  pretty  definitely  .settled  that  clinically  we  do  not  obtain 
suppuration  in  any  other  way  than  through  the  agency  of  micro-organ- 
isms.    (Sec  Chapter  I.) 

Immunity. — The  pyogenic  bacteria  do  not  produce  suppuration 
in  the  body  whenever  introduced  into  it.  It  is  only  under  certain 
favorable  conditions  that  this  is  accomplished. 

Many  bacteria  are  rapidly  absorbed  from  the  point  of  entrance — 
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that  is,  taken  up  into  the  circulation  and  swept  into  different  parts  of 
the  body  before  they  have  an  opportunity  to  grow  locally.  The  rapid- 
ity with  which  they  arc  eliminated  from  the  system  is  often  remarkable. 
They  appear  to  be  actually  destroyed  in  the  blood-scrum  itself,  in 
virtue  of  a  substance  ("defensive  proteid."  "  nuclein  ")  which  it  con- 
tains, thai  exerts  a  germicidal  action  upon  them.  Tliis  substance  is 
soluble  only  in  an  alkaline  medium,  and  consequently  it  is  ncccs.sary 
that  the  scrum  should  be  alkaline  in  order  to  possess  this  power. 
This  substance  is  said  to  be  derived  largely  from  the  lcukoc>tcs,  which 
appear  to  have  the  power  also  of  exerting  a  protective  influence  in 
virtue  of  their  phagocytic  action. 

The  German  school  relies  chiefly  upon  the  bactericidal  powers  of 
the  blood-serum  as  a  protective  agcnL  The  French  school  lays  more 
stress  upon  the  theory  of  phagocytosis.  It  is  probable  that  local 
infection  is  resisted  by  the  accumulation  of  leukocytes  at  the  point 
of  invasion,  and  that  their  protective  powers  are  exerted  partly  in 
virtue  of  their  phagocytic  action  and  i)art]y  by  a  chemical  substaiice 
given  off  by  them  (germicidal  proteid).  It  seems  also  probable  that 
protection  against  general  infection  is  exerted  by  the  blood-scrum 
aided  by  the  chemical  substances  given  off  by  increased  numbers  of 
leukocytes. 

The  altnrlinn  of  leokoryict  tn  n  point  nf  iiifrciion  np[»«ri  m  be  iloe  in  a  power  of 
•ttncting  celli,  IcDown  as  chemauxis,  a  cheioical  atUaction  or  irriuttion  produced  by  the 
praleids  of  thr  bacicrin. 

After  introduction  into  the  body,  bacteria  arc  often  found  at  distant 
points,  as  the  lymphatics  olthc  diaphragm  or  the  capillaries  of\isccra. 
Here  they  arc  observed  frequently  in  the  leukocytes  of  the  circulating 
blood  or  in  the  endothelium  of  the  capillaries,  the  cells  of  which  seem 
to  possess  active  phagocytic  projierties.  Those  not  destroyed  may 
be  eliminated  by  the  kidneys,  through  the  mucous  membrane  of  the 
intestines,  or  even  through  the  respiratory  organs.  Bacteria  have  also 
been  found  tn  the  perspiration  of  individuals  suffering  from  septicemia. 

Among  the  condiHous  fevorable  for  infectioii  is  the  amount 
or  dose  ol  the  poison  received  into  the  system.  The  ex|jerimcnts 
of  various  observers  have  shown  that  a  ver\'  large  number  of  bacteria 
may  be  injected  without  producing  any  result.  Watson  Cheyne  found 
that  it  was  necessary  to  inject  a  dose  of  i  ,ooo,000,000  of  the  Stiiphylo- 
coccus  pyogenes  aureus  into  the  muscles  of  a  rabbit  in  order  to  pro- 
duce a  fatal  result  A.s  the  human  being  is  not  very  susceptible  to 
the  pyogenic  organisms,  considerable  numbers  can  be  left  in  a  wound 
without  producing  evidences  of  their  presence-  Under  varj'ing  influ- 
ences the  virulence  of  bacteria  may  be  greatly  increased  or  dimin- 
ished, and  consequently  the  dose  of  any  given  organism  may  vary 
considerably. 

The  state  ol  the  tissues  in  which  the  organisms  arc  arrested  is  an 
important  factor  also  in  the  question  of  suppuration.  A  diminution  in 
the  vitality  of  a  part  furnishes  a  soil  favorable  for  bacterial  growth. 
Anemic  animals  resist  inoculation  with  the  aureus  much  less  vigor- 
ously than  those  in  health.  This  is  in  accord  with  the  well-recognized 
clinical  fact  that  furunculosis  is  a  sign  of  a  debilitated  condition  of  the 
system. 
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Slight  injuries  appear  to  favor  infection  more  readily  than  the 
severer  forms,  in  which  the  inflammatory  reaction  is  vigorous  and 
protective  in  its  influence.  OsteomyeHtis  and  tuberculosis  of  the 
bones  find  their  starting-points  in  slight  bruises  in  the  bones  in  chil- 
dren who  are  run  down  or  over-fatigued.  Such  diseases  are  never 
observed  as  a  complication  of  simple  fractures.  The  pressure  of  a 
foreign  body  may  be  the  source  of  an  irritation  which  paves  the 
way  for  a  bacterial  infection.  Obstructions  of  the  secretions,  such 
as  milk  in  the  puerperal  breast,  are  predisposing  causes  of  sup- 
puration. Whether  the  presence  of  sugar  in  the  blood  directly  favors 
the  action  of  the  pyogenic  cocci  is  uncertain.  It  is  more  probable 
that  the  diminished  vitality  of  the  system  is  the  favoring  element. 
Those  addicted  to  the  excessive  use  of  alcohol  are  especially  suscep- 
tible to  infection.  A  feeble  circulation,  such  as  is  seen  in  hypostatic 
congestions,  favors  a  local  infection,  as  does  also  the  impairment  of 
the  innervation  of  a  part.  The  healthy  peritoneum  can  absorb  large 
numbers  of  bacteria  ;  but  when  injured  in  such  a  way  that  its  power 
of  absorption  is  seriously  disturbed,  the  conditions  for  infection  are 
most  favorable. 

Racial  peculiarities,  although  they  play  a  prominent  part  in  pre- 
disposition to  certain  diseases,  do  not  exert  much  influence  one  way  or 
the  other  on  suppuration.  The  same  may  be  said  of  locality,  although 
instances  of  certain  forms  of  infective  inflammation  have  been  credited 
to  certain  localities,  such  as  osteomyelitis  in  Switzerland  and  Germany. 
Less  importance  is  attached  to  the  season  of  the  year,  as  an  element 
in  infection,  than  was  given  it  before  the  antiseptic  era. 

The  possibilities  of  auto-infection  should  always  be  borne  in  mind. 
Park  has  dwelt  upon  the  danger  of  infection  from  this  source,  and  the 
importance  of  due  attention  to  the  excretions,  particularly  those  of  the 
intestinal  canal. 

I/Ocal  Action  of  Pyogenic  Organisms. — When  the  conditions 
for  suppuration  are  favorable,  if  a  culture  of  the  staphylococcus  be 
injected  into  the  tissues,  the  bacteria  multiply  rapidly  and  invade  the 
intercellular  substance  and  the  pre-existing  cells  of  the  part.  The  con- 
ditions found  in  acute  inflammation  soon  present  themselves.  Exuda- 
tion and  emigration  of  leukocytes  begin,  and  enormous  numbers  of  poly- 
nucleated  leukocytes  are  found  between  the  connective-tissue  fibers. 

The  cocci  show  a  tendency  to  aggregation  in  groups,  and  form  a 
more  or  less  continuous  mass  with  the  infiltration  of  leukocytes.  On 
the  second  or  third  day  the  granulation-tissue  begins  to  soften  in  the 
center,  as  a  result  of  the  coagulation-necrosis  and  conjsequent  breaking 
down  of  tissue  produced  by  the  action  of  bacteria  and  the  abundant 
exudation.  At  the  periphery  of  the  inflamed  mass  the  coccus  and 
leukocyte  infiltration  continues  to  spread ;  the  cocci  grow  in  thick  col- 
umns, with  small  groups  here  and  there  along  their  borders,  which 
groups  separate  and  grow  into  the  surrounding  tissue  (Fig.  19).  In  this 
way  local  suppuration  or  abscess-formation  is  established,  and  by  the  con- 
tinued growth  of  the  bacteria  burrowing  of  pus  may  be  brought  about. 

There  is  a  marked  difference  between  the  action  of  the  staphylococ- 
cus and  that  of  the  streptococcus.  The  latter  does  not  possess  the 
tendency  to  promote  local  suppuration.     It  creeps  rapidly  through  the 
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tissues,  and  produces  In  this  way  a  sprcaJin^r  inlliimiiiation.  It  exerts 
a  less  active  peptonizing  action  upon  the  tissues  than  does  the  aureus. 
Wlicn  deprived  of  oxygen,  the  peptoni/ing  action  comes  out  more 
strongly.  Consequently,  under  favoring  conditions  it  might  be  ex- 
pected to  cause  suppuration,  and  this  action  it  docs  exert  during  the 
later  stages  of  the  period  of  its  invasion  of  the  tissues. 

The  staphylococcus,  owing  to  its  mode  of  growth,  tends  to  remain 
locahzed,  and  produces  inlluinmations  with  well-defined  areas.  It  is 
the  organism  most  frecjuently  found  in  tlie  typical  abscess.  The  strep- 
tococcus, although  it  may  cause  suppuration,  is  identified  with  those 
forms  of  inflammation  which  invade  the  tissues  through  the  lymph- 
spaces  and  vessels.  It  Is  found  in  those  septic  inflammations  which  arc 
the  result  of  wounds  received  during  dissections  or  operations  on  highly 
septic  tissues.  Such  inflammations  arc  accompanied  by  lymphangitic 
involvement  of  the  adjacent  lymphatic  glands  and  by  marked  constitu- 
tional disturbance.  The  organism  gains  an  entrance  hito  the  circulation 
readily,  and  where  conditions  are  favorablo  may  multiply  enoniiously. 
producing  that  grave  form  of  infection  known  as  .septicemia.  If  its 
advance  has  been  resisted  succcssfullj-,  it  may  remain  more  or  less 
localized,  and  will  then  probably  produce  that  type  of  suppuration 
known  as  spreading  abscess,  or  purulent  infiltration.  These  forms  of 
suppurative  inflammation  are  known  as  phlegmonous  inflammation  or 
phlegmonous  erysipelas. 

Infective  inflammation  may  also  terminate  in  death  of  the  pari  This 
occurs  in  the  more  \-irulent  forms  of  infection,  where  the  protective  in- 
fluence of  the  scrum  and  the  cells  is  incapable  of  staying  the  progress 
of  infection.  The  toxic  substances  produced  by  the  cocci  arc  found  in 
great  abundance,  and  destroy  the  tissues  with  which  they  come  in  con- 
tact before  suppuration  can  tie  established;  considerable  portions  of 
tissue  necrose,  and  extensive  sloughing  or  gangrene  occurs.  The  raji- 
idly  spreading  gangrene  following  complicated  fractures  or  wounds 
poisoned  by  splinters  of  wood  or  other  substances  arc  examples  of 
this  type  of  inflammation,  which,  fortunately,  is  rare. 

Septic  inflanmiation  of  light  degree  may  terminate  by  resolution. 
This  is  seen  in  wounds  that  have  not  been  treated  hy  careful  antiseptic 
methods,  and  was  common  laefore  t  lie  days  of  antisepsis.  For  a  few 
days  the  edge.s  of  the  wound  are  red  and  swollen  anti  there  is  more  or 
leas  fever.  It  was  formerly  considered  the  type  of  traumatic  inflamma- 
tion, and  was  supposed  to  be  essential  to  repair.  Such  an  inflamniation 
may.  however,  subside  with,  at  the  most,  a  little  seropurulcnt  discliarge 
from  the  stilch-holes. 

Threatening  suppuration  may  be  prevented  by  a  prompt  u.se  of  the 
knife,  which  exposes  the  infected  area  and  enables  the  surgeon  to  apply 
antiseptic  agents  directly  to  the  infected  tissues. 

In  the  more  serious  forms  of  spreading  sepsis  free  incisions  arc  in- 
dicated, followed  by  the  application  of  antiseptic  poultices,  which  favor 
a  free  flow  of  fluid  from  the  part,  thus  enabling  the  tissues  to  throw 
ofl'the  virus.  Suppuration.it  should  always  bt:  remembered,  is  Nature's 
mctliod  of  ridding  the  infected  parts  of  ihe  morbid  substances.  With 
the  formation  of  |ius,  liquefaction  of  the  tissues  occurs,  and  with  its 
di.scharge  the  *'  peccant  humors  "  arc  eliminated  from  the  body. 


CHAPTER    III. 

SUPPURATION;  ABSCESS;  UIXERj  SINUS;  FISTULA. 

SUPPURATION. 

Suppuration  takes  place  in  the  tissues  by  virtue  of  the  peculiar 
peptonizing  or  digestive  action  which  the  micro-organisms  exert  upon 
them,  and  also  as  the  result  of  the  more  or  less  complex  changes 
which  occur  in  them  in  their  efforts  to  oppose  bacterial  invasion.  It 
is  one  of  the  manifestations  of  the  resistance  of  tissue  to  the  presence 
of  poisons  (Thayer).  The  organism  more  frequently  concerned  in 
suppuration  is  the  Staphylococcus  pyogenes  aureus  and  other  mem- 
bers of  this  group.  The  points  of  entrance  of  these  organisms  into 
the  body  vary  greatly.  In  operative  surgery  they  are  introduced 
directly  into  the  wound  on  dirty  instruments  or  dressings  or  by  the 
hands  of  the  surgeon.  When  they  thus  gain  an  entrance  in  sufficient 
numbers  they  cause  suppuration  and  prevent  healing  by  first  intention. 
Wounds  which  have  been  greatly  bruised  either  by  injur>'  or  irritating 
antiseptic  agents  or  prolonged  manipulation  are  more  susceptible  to 
their  action  than  cleanly  cut  wounds.  The  same  is  true  of  wounds  the 
lips  of  which  are  in  a  state  of  tension. 

Bacteria  cannot  gain  an  entrance  directly  through  the  cutis  vera, 
but  may  find  their  way  through  the  numerous  minute  openings  of  the 
skin,  more  particularly  the  hair-follicles  and  the  sebaceous  glands,  and 
perhaps  also  the  sweat-ducts.  This  has  been  demonstrated  by  Garre, 
who  rubbed  a  large  quantity  of  an  aureus  culture  into  the  uninjured 
skin  of  his  left  arm  and  produced  a  carbuncle. 

The  bacteria  also  frequently  gain  an  entrance  through  minute 
wounds  in  the  skin,  and  many  severe  internal  suppurations  such  as 
osteomyelitis  trace  their  origin  to  infection  through  this  route,  A 
child  is  constantly  receiving  bruises,  and,  if  the  system  is  enfeebled, 
the  pyogenic  organisms  which  abound  in  dirty  clothing  may  be  inocu- 
lated into  these  openings. 

The  nate.s  of  oarsmen,  particularly  when  overtrained,  receiving  abrasions  from  friction, 
arc  exposed  to  infection  from  the  clothing  saturated  with  the  products  of  cutaneous  excre- 
tion and  desquamation.  The  nasal  cavity  is  usually  free  from  bacteria,  but  the  pharynx 
and  the  mouth  contain  large  numbers  of  bacteria  of  a  great  many  varieties,  not  all  of  which, 
however,  arc  pathogenic.  Pyogenic  organisms  are  frequent  in  the  pharynx,  and  the  pneu- 
mococcus  is  found  habitually  in  the  mouth. 

It  is  due  to  this  cause,  probably,  that  many  severe  operations,  espe- 
cially those  of  the  digestive  tract,  are  followed  by  pneumonia.  The 
toilet  of  the  mouth  is  now  becoming  recognized  as  a  part  of  the  prepa- 
ration of  a  patient  for  capital  operations.  The  tonsil  has  been  described 
as  a  "  physiological  wound."  .';o  susceptible  is  it  to  infection.  Not  only 
tonsillitis,  but  probably  also  many  other  forms  of  internal  septic  proc- 
esses, receive  tlieir  \irus  through  this  gate  of  entrance.     The  cervical 
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lymph-glands  act  as  strainers  to  many  of  these  orgam'sins.  and  more 
particularly  to  the  tubercle  bacillus. 

Many  pathofccnic  o?snni<mi:i  tind  their  way  into  the  io1»tinA!  canal  with  food  end  drink, 
and  nwn<r  arc  indite imun.  L'ndcr  favorabLc  circuiiutancc^  ]>cnli)Qnil  inrciliun  inky  ifccur 
directly  througti  ihc  intcs^tinal  wnll^.  'i'libfrculous  adeiiitTs  cf  ihc  mtseiit-eiic  {;land>.  i.ibcs 
meMUlfrka.  owc«  \\h  oh^tn  to  infcciion  from  this  »ourc<7.  Si>in«  of  llie  mu»t  grave  iiifeclioiu 
arc  due  lo  &  sepsiH  jiiLc*l]Dali«u 

From  whatever  source  they  are  derived,  the  bacteria  exert  their 
pathogenic  action  only  when  concentrated  at  any  jjiven  point  in  suf- 
ficient numbers.  Capillar)-  systems  in  which  the  current  is  not  too 
active  favor  these  conditions,  and  it  is  usually  at  some  such  point,  as, 
for  instance,  a  capillary  loop  of  the  kidney,  or  one  of  the  vessels  of  the 
rich  capillary  network  of  the  epiphyseal  line  in  long  bones,  that  a  clus- 
ter or  plug  of  organisms  becomes  arrested.  As  the  organisms  multi- 
ply, the  material  (bacterial  protci<l}  given  ofT  by  them  exerts  a  poison- 
ous action  or  the  adjacent  tissue,  resulting  in  a  coagulation  necrosis 
or  death  of  the  part  with  which  the  virus  comes  in  contact.  The  irri- 
tating .substances  exert  a  chentiotactic  action  also  upon  the  wandering 
cells  and  leukocytes  which  presently  begin  to  appear  in  large  numbers, 
often  in  columns,  and  surround  the  mass  of  dead  tissue.  If  an  abscess 
is  examined  at  this  early  stage,  there  is  found  in  the  center  of  it  a 
cluster  of  micrococci  embedded  in  a  mass  of  necrosed  tissue,  the  out- 
lines of  which  may  still  be  discerned,  but  which  fonns  a  more  or  less 
transparent  zone  around  them  (Fig.  19).     Surrounding  this  mass  of 


FlO.  ig. — Mciftiiattc  abicesi  o(  kiflncy :  plucs  of  micrococci  tn  centrAl  necrosit.  wilh  tufrout>d- 
ing  cell-inlilirAiion  (oc.  3.  obj.  A)  ( Warren). 

broken-down  tissue  is  a  wall  of  leukocytes.  As  the  abscess  grows  in 
size,  the  leukocytes  wander  into  the  necrosed  area  and  mingle  wilh  the 
micrococci.  Many  of  the  foremost  ranks  of  the  wall  of  leukocytes  arc 
separated  from  their  neighbors  by  the  liquefaction  of  the  intercellular 
substance,  which  liquefaction  is  caused  by  the  peptonizing  action  of 
the  bacteria.  To  this  fluid  is  added  that  which  escapes  from  the  adja- 
cent blood-vessels  with  the  exudation.     In  this  M-ay  the  amount  of 
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fluid  materia!  is  increased.  At  this  stage  the  central  area  is  occupied 
with  a  semi-fluid  mass  containing  fragments  of  broken-down  tissue, 
leukocytes,  and  bacteria.  Enclosing  this  is  the  zone  of  cell-in6ltration 
which  forms  the  wall  of  the  abscess  and  serves  as  a  barrier  against 
further  progress  of  the  infection.  The  inner  layer  of  this  tissue  con- 
tains bacteria  in  varying  quantities,  and  u-hen  the  abscess  is  "spread- 
ing." the  bacteria  are  ftaind  near  the  outer  margin  of  the  tissue  which 
then  is  breaking  down  before  the  onward  grmvth  of  these  organisms. 

The  ten.sion  of  the  tissues  over  sonic  point  in  the  abscess  cavity 
becomes  very  great  from  tlie  presence  of  the  enclosed  fluid,  the  parts 
here  are  stretched  and  further  .softened  by  necrotic  action ;  the  abscess 
"  points,"  and  finally  breaks,  allowing,  the  contents  (which  arc  now  a 
crcam-likc  fluid)  to  be  discharged.     These  contents  are  known  as  />us. 

All  abscess  may  be  defined  as  a  circumscribed  collection  of  pus. 
The  tissue  lining  the  walls  of  the  abscess  cavit>'  is  called  granulation- 
tissue.  This  tissue  consists  chiefly  of  small  round  cells  with  verj-  little 
intercellular  substance,  and  is  very  rich  in  capillar}-  blood-vessels. 
There  arc  numerous  polynucleated  cells  near  the  surface  which  are 
breaking  down,  and  about  to  be  thrown  off  from  the  surface  as  pus- 
corpuscles.     There  are  also  a  number  of  leukocytes  with  single  nuclei. 
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Jit;,  so  — I'.iUKiti  iif  n-.ili  n\  hinj-.-iij'-.-i-ss,  n.itiiriil  injcctir^h  im:.  J,  obj.  A)  (Wamn). 

and  of  larger  cells,  each  with  a  large  oval,  bright  nucleus,  which  are 
called  epithelioid  cells.  The  smaller  cells  are  broken  down  and  ab- 
sorbed, but  the  larger  cells  are  active  agents  in  the  process  of  repair 
during  the  healing  of  the  abscess. 

The  wall  ti\  the  cavity  is  at  first  lined  with  pus  and  shreds  of 
broken-doM-n  tissue,  but  when  this  has  been  discharged  and  the  inner 
surface  "cleans  off.*'  the  lining  membrane  is  found  to  consist  of  a 
bright-red  and  highly  vascular  tissue,  the  surface  of  which  is  dotted 
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with  little  nodules.  These  arc  known  as  "granulations"  (Fig.  20). 
By  this  time  the  cavity  has  shrunk  greatly.  The  walls  approath  one 
another  and  the  j^ranulalions  grow  up  from  below,  and  finally  only  a 
superficial  granulating  surface  is  left,  which  slowly  contracts  and  is 
finally  covered   by  epillK-Iiiim. 

Symptoms  of  Suppuration. — The  formation  of  an  abscess  is 
accompanied  by  a  tjrcal  amount  of  swelling  of  iIk-  surrounding  tissues, 
which  are  made  tense  and  brawny  by  the  exudation  with  which  they 
arc  infiltrated.  A  bright-red  blush  cxttnds  even  to  the  surrounding 
tissues.  As  the  tension  increases,  the  pain  becomes  acute,  and  is  of  a 
thrdbbing  or  a  boring  character.  There  is  also  considerable  constitu- 
tional di.stLirbance.  The  advent  of  suppuration  is  usually  ushi;rt:<l  in 
by  a  chill  or  a  sudden  ri.se  of  temperature,  which  remains  high  or 
increases  until  the  pus  is  discharged. 

As  pus  approaches  the  surface,  the  tissues  near  the  center  of  the 
inflamed  mass  become  softer,  and  on  pressure  with  ihe  fingers  are  said 
to  fluctuate.  Near  the  center  of  this  soft  area  a  wiiite  spot  appears. 
At  tills  ]X'riod  the  pain  is  most  acute  and  is  lancinating  in  character, 
and  the  febrile  disturbance  is  at  iU  height. 

When  the  abscess  breaks  and  there  is  a  free  discharge  of  pus,  both 
local  and  constitutional  symptoms  subside.  The  blush  fades,  the  skin 
becomes  wrinkled,  and  the  pain  disappears.  Should  the  temperature 
remain  high,  "  burrowing  "  of  pus  is  to  be  feared,  and  the  open  cavity 
sliouUl  Ije  insitectcd  carefully  to  see  if  the  pus  has  a  free  vent.  During 
the  healing  process  and  for  some  time  after  the  wound  has  heaU:t,I,  the 
tissues  that  were  involved  have  a  deeper  tinge  of  color  than  the  sur- 
rounding normal  integuments. 

Pus  is  a  yellowi.sh-white  substance  of  the  consistency  of  cream,  and 
in  its '•  normal "  condition  is  adorless  and  has  an  alkaline  or  faintly 
acid  reaction.  When  allowed  to  stand,  a  sediment  is  formed  which, 
under  llie  microscope,  is  found  to  consist  almost  entirely  \>i pus-corpus- 
cles (Fig,  21),  There  are  also  found  some  broken-down  tissue-cells, 
fragments  of  fibrous  tissue,  and 
various  forms  of  bacteria,  prin- 
cipally the  pyogenic  cocci.  There 
is  also  a  certain  amount  of  gran- 
ular debris,  the  remains  of  broken- 
down  cells  and  blood -corpuscles. 
The  fluid  is  known  as  liquor  puris 
or  pus-serum.  It  is  a  |»alc  yel- 
lowish fluid,  which  differs  some- 
what from  blood-serum  in  con- 
taining the  products  of  the  de- 
composition of  the  tissues  tluring 
the  suppurative  process,  such  as 
leucin  and  lyrosin.  It  also  con- 
tains peptone.  The  principal 
source  of  the  pus-cells  is  the 
blood  from  which  the  leukocj'tes 
migrate  to  the  focus  of  suppuration.  When  treated  with  acetic  acid 
B    and  the  various  staining  methods,  these  corpuscles  are  found  to  contain 
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Fin.  31. — Pu>-c«m  irmtrd  with  acetic  acid, 
and  CTctkatt>(l  red  blood ■<orpiucl«s  (oc.  4.  ofa^ 

0>  (Warren). 
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several  nuclei.  This  polynuclear  condition  is  not  a  sign  of  cell-activity, 
but  one  of  degeneration.  Many  of  the  cells,  however,  when  examined 
in  the  fresh  state,  have  ameboid  movements.  The  tissue-cells  are  rep- 
resented to  a  certain  extent  among  the  pus-corpuscles,  but  their  number 
is  quite  limited.  Bacteria  are  rarely  seen  in  the  interior  of  pus-cells, 
but  they  are  usually  found  between  them  floating  in  the  pus-serum. 
Pus  may  appear  very  differently  according  to  the  character  of  the  in- 
fection and  the  activity  of  bacterial  growth. 

Th?  thick  creamy  pus  which  forms  when  an  abscess  has  "  ripened  " 
(a  process  which  lasts  two  or  three  days),  is  known  as  healthy  or  laud- 
able pus.     It  has  comparatively  few  bacteria  in  it. 

Ichor  is  a  name  given  to  pus  in  a  state  of  decomposition.  The  pus- 
cells  are  few  in  number  and  bacterial  growth  is  active,  the  bacteria  of 
decomposition  replacing  tho.se  of  suppuration. 

Sanies  is  pus  usually  mixed  with  blood,  and  is  also  in  a  state  of 
decomposition.  These  forms  of  pus  are  very  irritating,  and  have  either 
a  strongly  acid  or  an  ammoniacal  reaction. 

Cultures  taken  from  any  of  the  above-named  varieties  of  pus  often 
prove  to  be  .sterile.  This  is  due  to  the  fact  that  the  organisms  have 
died.  Sterile  cultures  are  taken  from  abscesses  of  long  standing,  such 
as  are  seen  in  cases  of  pyosalpinx,  also  in  the  pus  from  an  old  empyema, 
even  when  foul  smelling.  The  fetid  pus  from  an  ischiorectal  abscess  is 
generally  due  to  the  growth  of  the  Bacillus  pyogenes  fcetidus.  The 
thin,  purulent  fluid  taken  from  the  peritoneal  cavitj'  oozing  from  a 
fresh  appendicial  abscess  contains  an  active  growth  of  the  Bacillus  coH 
communis. 

Blue  pus  is  caused  by  the  presence  of  the  Bacillus  pyocyaneus.  It 
has  no  special  pathological  significance. 

Orange-colored  pus  is  found  often  in  rapidly  spreading  forms  of 
phlegmonous  inflammation.  It  is  due  to  a  depo.sit  of  hematoidin  crystals 
on  the  granulating  surfaces  caused  by  the  presence  of  extravasated 
red  blood-corpuscles  in  the  exudation.     It  is  rarely  seen. 

Red  pus  is  also  a  rare  occurrence.  It  is  due  to  the  presence  of  a 
bacillus  about  one-third  the  diameter  of  a  red  blood-corpuscle.  The 
cultures  in  blood-serum  have  a  bright-red  color  which  later  changes  to 
violet.  The  red  pus  is  best  .seen  on  white  dressings  when  first  removed. 
It  can  readily  be  distinguished  from  blood  with  a  little  practice.  If 
allowed  to  dry  upon  the  dre.ssings,  it  does  not  change  color,  whereas 
blood  soon  assumes  a  dirty-brown  color. 

Tuberculous  pus  is  not  considered  true  pus  by  many  authorities.  It 
is  a  pale  chalky  fluid,  with  inspissated  cheesy  mas.ses  and  clots  of  fibrin 
floating  in  it.  It  contains  but  a  few  pus-corpuscles  and  no  pyogenic 
cocci.  The  sediment  consists  of  the  fragments  of  broken-down  tissue, 
and  of  a  few  tubercle  bacilli.  It  is  often  difficult  to  find  the  bacilli,  and 
even  to  obtain  cultures  of  them,  but  inoculations  in  guinea-pigs  pro- 
duce a  miliary  tuberculosis.  It  is  probable  that  these  tubercles  are 
developed  from  sepsis,  although  the  existence  of  spores  in  tubercle 
bacilli  has  not  yet  been  demonstrated. 

The  Microscopical  Examination  of  Pus.— Spread  the  pus  in  vny  thin  stre^kft 
over  ihc  surface  of  a  cover-;;lass  by  mean!;  of  a  platinum  wire,  and  dry  it  either  in  the  air  or 
over  a  flame.     Then,  holding  the  preparation  with  cover-gla^s  forceps,  pass  it  rapidly  three 
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tiinr*  ihrniigh  tW  flainr,  to  "  lix  "  ir.     Tlir  iirqwrnlion  U  now  ready  to  be  sUJiMd  by  any 
of  ihc  various  mcthuds  which  have  been  dcviseii. 

For  ma-tt  pi\T])Oie*  Kldning  with  ■  *nlntinn  of  mrlhylrne  blue  i»  sufficienl.  for  ihts  riyc 
slairi!!  »}iaTpl)  iiiX  ooly  the  nuclei  of  pus-cells, 'jui  itmtit  ha4.-leria  M  wHI.  Thi^  Miliilicin 
con(i'«l»  iif  «  misiurr  of  50  c.r.  nf  b  «atura(ef)  alcoholic  wlution  of  mdhylcoc  hlue  and  100 
c.c.  or  a  1 :  10,000  solution  of  pMAuium  liydroxkl. 
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FiO.  »>.— SieriiJ«c4l  tett-tube  uid  3wal>  Tur  collecliiig  pus  and    fluids  for  bacieriokigicAl 

cxAiniiLulion  [Warren). 

In  Miinini;,  the  corer-gU^  prFparniiini,  hirld  in  the  gms]>  of  cnver-gUst  rorce)>«,  i«  cov- 
ered with  1I1C  iteining  itotutiiMi  and  gently  heated  for  a  few  seconds  over  0  flame.  It  is  theo 
wnshetl  in  wslvr,  dried  ihurauKhly  nnd  iiiiniiiie<l.  MaJneil  MiKacr  down,  in  IhiImiin  im  a  <^lide. 
If  de'iireil.  the  preparaLion  mny  he  cxntreinvd  vnthniit  mnunlinK  in  hnlsatn,  by  simply  plac- 
ing il  irti  a  jlidc,  cbarge<l  fiirfacc  down.  uiiiJ  dryiiiy  oil  IIil-  Mirfncc  (>r  the  ttivcr  glass.  If 
thii  procedure  is  adonteil,  it  is  necessary  that  there  should  be  a  layer  of  water  between  the 
Cuver-glau  and  lb«  slide,  in  order  (hut  gwil  'jplicnl  (letniition  tn^y  1>c  obtained. 

fus  may  also  be  examined  unstaini^d  and  in  "  iccsh  "  cuiKlitioii  by  placing  a  drop  of  it 
Upon  a  slide  and  then  upon  this  a  covet-glass. 

tf  desired,  a  drop  of  acetic  acid  inay  be  ma  under  tfac  cover-glass  to  bring  ant  (he  out- 
lines of  nuclei. 

ABSCESS.  ■*■ 

Abscess  is  divided  into  two  varieties,  the  acute  and  Che  cold  abscess. 
The  latter  is  due  to  the  presence  of  the  tubercle  bacillus,  and  will  be 
considered  in  the  chapter  on  Tuberculosis. 

Acute  abscesses  may  be  divided  into  several  general  classes  accord- 
ing to  their  situation.  They  may  be  superficial,  such  as  boils,  subfascial, 
subperiosteal,  or  in  the  bone.  Still  more  deep-seated  are  those  con- 
nected with  the  intt-rnal  organs,  which  may  be  designated  visceral. 

Abscesses  of  the  skin  are  among  the  most  common  forms. 
Infection  of  tht:  skin  may  be  most  superlicial,  or  it  may  penetrate  into 
the  subcutaneous  tissues,  and  may  give  rise  to  pustules,  boils,  or  car- 
buncles. 

When  the  micro-organisms  penetrate  the  hair-follicles  as  far  as  the 
sebaceous  glands  and  form  a  minute  focus  of  suppuration,  there  results 
a  f>ustutt\  which  may  vary  in  size  according  to  its  scat  in  the  upper 
part  of  the  folUcle,  in  the  coil  of  a  sweat-gland,  or  in  the  large  seba- 
ceous glands. 

The  boil  or  fnmncle  is  caused  by  an  invasion  of  bacteria  dthcr 
through  the  hair-follicles  or  sudoriparous  glands  to  a  deeper  portion 
of  the  skin  or  to  the  subcutaneous  cellular  tissue.  Ti»e  active  growth 
of  the  organisms  is  sufficiently  extensive  in  this  case  to  produce  a 
coagulation  necrosis  of  appreciable  sixe  which  subsequently  farms  the 
"  core  "  of  the  boil.  The  part  most  frtquenlly  destroyed  is  the  hair- 
follicle  with  its  accompanying  sebaceous  gland.  The  first  symptom  of 
a  boil  is  the  appearance  of  a  minute  pustule  situated  at  the  opening 
of  a  hair-foIliclc-  Its  presence  is  first  noticed  on  account  of  an  itching 
scnsntion  which  it  causes.  This  is  soon  followed  by  an  infiltration  of 
the  skin  which  finally  extends  to  subcutaneous  cellular  tissue  A  crust 
forms  on  the  site  of  the  papule,  and  on  removing  this  a  small  quantity 
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of  pus  escapes.  On  introducing  a  fine  probe,  it  is  found  to  enter  to  the 
depth  of  half  an  inch.  The  boil  continues  to  enlarge  for  a  day  or  two, 
and  the  opening  is  now  sharply  defined  and  circular,  and  is  sufficiently 
large  to  enable  the  pus  to  escape  freely.  Finally  pressure  extrudes  a  small 
slough  and  the  inflammation  begins  to  subside,  the  opening  contracts, 
and  the  minute  abscess  eventually  heals  by  granulation.  The  pain  is 
at  first  slight,  itching  being  the  most  prominent  sensation.  This  is  re- 
placed later  by  soreness  which  is  rarely  more  acute,  but  is  omnipresent, 
owing  to  the  superficial  and  exposed  situation  of  the  inflammatory 
focus.  During  the  period  of  greatest  tension  upon  the  skin  there  may 
be  severe  pain. 

Ftirtinculosis  is  a  term  applied  to  those  cases  in  which  the  patient 
is  affiicted  with  a  succession  of  boils.  Contagion  occurs  by  the  smear- 
ing of  the  discharge  over  the  adjacent  surfaces  and  also  by  the  inocula- 
tion of  dried  pus  by  the  finger-nails  of  the  patient  during  scratching  or 
other  manipulation.  In  this  condition  there  is  an  undue  susceptibility 
of  the  tissue  owing  to  some  disordered  condition  of  the  system. 

Carbuncle  is  a  suppurative  and  gangrenous  inflammation  of  the 
skin  and  the  subcutaneous  cellular  tissue,  which  begins,  like  furuncle, 
on  the  surface  of  the  skin  and  spreads  gradually  downward  and  later- 
ally into  the  subcutaneous  tissue.  In  its  earlier  stages  of  development 
the  infected  area  may  have  the  form  of  a  cone,  the  apex  being  the 
starting-point  in  a  hair-follicle,  sweat-duct,  or  minute  abrasion.  The 
organisms  most  frequently  found  in  carbuncuiar  pus  are  the  Staphylo- 
coccus pyogenes  aureus  and  albus.  A  state  of  general  debility  places 
the  tissues  in  a  condition  to  furnish  a  favorable  soil  for  the  gro\vth  of 
bacteria.  Certain  constitutional  diseases,  such  as  diabetes,  seem  fre- 
quently to  be  accompanied  by  carbuncle.  The  disease  is  rarely  seen 
in  childhood.  It  is  most  frequently  observed  in  persons  over  forty 
years  of  age,  A  carbuncle  is  usually  situated  at  the  back  of  the  neck, 
although  carbuncuiar  inflammations  arc  occasionally  seen  upon  the  face 
and  upon  other  portions  of  the  body.  The  spread  of  the  infection  after 
it  reaches  the  subcutaneous  tissue  is  horizontal  and,  later,  up  toward 
the  surface. 

'I'he  subcutaneous  ti.ssues  on  the  back  differ  anatomically  from  those  of  other  portionR  of 
the  body  where  the  skin  is  thinner.  Here  (he  skin  is  double  the  thickness  of  that  on  the 
inner  side  of  the  arms  nmi  the  abdnraen.  This  integument  i.s  held  down  to  the  subjacent 
fascia  by  fibrous  bnnds  of  considerable  size.  Near  the  i>oint  of  origin  of  these  bands  are 
the  column;^  adi[>os.T.',  or  culumtis  of  adipose  tissue,  in  wliich  the  h.iir- follicles  of  the  lanugo 
hairs  take  their  nrigin.  Coils  of  sudoriparous  glands  are  alsti  found  suspended  in  this 
li>'«'ue. 

As  the  suppuration  spreads  deeply,  it  seeks  a  route  to  the  surface 
through  these  column.x  adiposa;.  and  thus  [jjives  the  characteristic  ap- 
pearance of  a  carbuncle  {Fig.  23).  When  fully  developed,  a  carbuncle 
is  characterized  by  its  broad  flat  base  and  flattened  oval  surface  raised 
considerably  above  the  level  of  the  skin.  The  skin  is  reddened,  and 
perforated  at  several  points  with  holes  of  considerable  size,  from  which 
oozes  pus.  The  skin  is  extremely  tense  and  red,  and  the  infiltrated 
parts  have  a  density  unusual  in  ordinarj-  inflamed  tissue.  The  smaller 
openings  in  the  center  gradually  fuse  into  one  or  more  larger  openings, 
through  which  large  sloughs  of  subcutaneous  tissue  may  be  discerned 
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(Fig.  24).  Carbuncles  may  var>*  j^rcatly  in  size,  some  of  them  being 
several  inches  in  diameter.  In  the  larger  vuricties  full  development  is 
reached  about  the  end  of  the  second  week,  and  the  final  healing  of  the 
wound  after  the  sloughs  have  been  cast  off  may  not  he  reached  for 
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Tw..  93.— Infillralion  of  columns  »rlipo*;i  ;iiid  «utKUtan«ous  tissue  uHli  pus  in  caitiundc 
(Wnnrni:  •>.  tanuffo  harr:  fi.  pu^  te\h  infilimiinK  ihc  colaniu  and  lyRiph-&)Mca  of  cvtit 
vm  :  £,  cvUs  of  swGAt-gtanils  -.  J.  mtucular  libers. 

6ve  or  si.\  weeks  or  even  longer  The  constitutional  condition  of  the 
patient  varies  greatly.  In  the  milder  cases  there  may  be  Uttle  or  no 
fever,  but  large  carbuncles  are  usually  a.ssocialed  with  considerable 
cachexia.     When  diabetes  cxist.s  the  prognosis  is  most  unfavorable. 


Pic.  04. — Dtagram  of  a  cariiuneir   (Wnrrenl :  «,  nonniil  (hick  lUn  cuniaKiiiig  tulumnae 

oilipoMK;  A,  ciutiuncle. 


rPic.  a 
Carbuncle  of  the  lip  is  a  deep-seated  suppuration,  usually  of  the 
upper  lip.  involving  the  ^kin  and  subeutaneL>us  tissue.  It  is  accompanied 
by  profound  constitutinnal  disturbance,  and  in  many  cases  the  prog- 
nosis is  most  unfavonihli--  This  is  due  to  the  involvement  of  the  rich 
venous  anastomoses  with  the  cerebral  sinuses.  Death  may  occur  as  a 
result  of  both  meningitis  and  pyemia.     In  one  case  obsen.'cd  by  the 
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writer  there  was  a  general  infection  by  the  Streptococcus  pyogenes  with 
pyemia. 

The  treatment  o(  bojts  and  carbuncles  is  mainly  antiseptic.  It 
consists  in  an  clfort  to  reach  tlic  locality  of  the  growth  of  the  organ- 
isms and  arrest  its  fiirtlicr  progress.  A  boil  may  be  aborted  in  this 
way  if  the  Ircatincnl  is  apph'ed  early.  \(  the  pustule  can  be  seen 
within  twent>'-four  hours  from  its  first  appearance,  it  can  usually  be 
destroyed  hy  boring  with  a  sharpened  piece  of  wood  clipped  in  pure 
carbolic  acid.  In  a  furtlicr  advanced  boil  the  infected  area  should  be 
laid  open  by  a  crucial  incision,  so  that  the  acid  can  be  thoroughly 
applied.  A  fully  ticvelopcd  boil  should  be  freely  opened,  curetted, 
and  disinfected  with  carbolic  acid  or  peroxid  of  hydrogen.  An  anti- 
septic pnulticc  (page  "2l  tTiay  be  applied.  If  In  an  exposeil  situation, 
the  boil  had  better  be  allowed  to  run  its  course  without  indsion.  as 
scarring  is  thus  avoided. 

The  treatment  of  carbuncle  varies  according  In  the  gravit>*  of  the 
case.  In  diabetic  patients  careful  attention  should  be  given  to  the  con- 
stitutional treatment  and  diet  before  attempting  surgical  interference. 


¥\G.  sj. — Case  of  cxcisnl  ottbiinvlc.    Wound  healed  in  three  weeJii. 

A  rapidly  spreading  carbuncle  in  a  man  of  good  constitution  had  better 
be  excised.  Twi*  semi-elliptical  incisions  Include  those  portions  of 
the  skin  riddled  with  pustule.  Flaps  of  skin  are  then  dissected  upward 
and  downward  until  healthy  tissue  has  been  reached,  and  the  whole 
infected  area  is  then  excised  in  one  mass.  The  wound  should  be  disin- 
fected in  the  most  thorough  manner  and  ilressed  with  iodoform  gauze, 
outside  of  which  a  targe  aseptic  absorbent  dressing  shouhl  l>e  applied. 
Fever  and  lin:aS  inflaTnuTalion  cease  promptly,  and  the  wound  soon 
begins  to  granulate.  It  heals  rapidly,  and  leaves  a  comparatively  small 
scar  (Fig.  25). 

Antisepsis  of  the  skin  of  the  infected  locality  should  be  enjoined 
upon  the  patient  for  some  time  after  the  healing  either  of  boils  or  car- 
buncle, as  tlie  tendency  tu  recurrence  is  occasionally  very  obstinate. 
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This  can  be  accomplished  by  daily  ablutions  with  soap  and  water  and 
the  use  of  alcoliol  externally.  I'hc  patient  should  also  be  dircaed  to 
cleanse  the  hands  and  nails  thoroughly  each  time  after  dressing  tlie 
sore.  Frequent  changes  of  underclothing  should  alwi  be  made,  sn  that 
all  possible  sources  of  infection  maybe  avoided.  Fowler's  solution  of 
arsenic  should  be  administered  internally. 

Sabiascial  abscess  includes  those  form.s  of  suppuration  found  in 
the  intermuscular  sopta  or  beneath  the  fa.sd^  which  enclose  the  mus- 
cles. They  may  arise  from  a  blow  or  a  muscular  strain  or  as  the  result 
of  a  lymphatic  infection.  Suppurative  adenitis  is  a  frequent  source  of 
such  abscess  in  the  neck,  in  the  axilla,  and  in  the  fasdx.  An  inflamed 
bursa  may  also  be  the  source  of  such  abscesses. 

'riie  anatomical  amnjicmcat  of  the  fascia;  and  the  spgices  which  Uiey  enclo»c  ofieo 
delcnninrs  the  route  these  abiccmvi  punwc.  [11  the  neck,  fur  iiulanve,  ix  founiJ  the  tlecp 
cemait  abKcu,  which  form*  m  ihe  upper  triftnjilc  in  one  of  ihc  lymphaiic  glands  utuiled 
near  the  angle  oi  the  jaw.  This  al>^eM  t)urruvr:i>  ilownwurd,  Mmietimc^  Id  the  anterior 
medUstinutn,  nwitig  to  its  inahility  to  |>etietraie  (he  det-i)  layi^f  ur  the  cervical  foacUi.  A 
lubCucial  aImccm  may  aUo  lake  iU  ont^in  fratn  an  innatnmntinn  ariiting  in  an  adjacent 
o«]^n,  a«  ihe  kidney,  giviiig  riM*  in  ihi^  ca.<ie  ti)  a  ])crini^phniir  ahicc^.  Siip|mration  may 
occur  a»  Ihc  rewll  u(  a  strain  or  rupture  of  «omc  internal  mu*clc,  siKh  vt  ihc  {i«naN  mftgnaft- 

Thc  earliest  symptoms  of  such  deep  abscesses  are  chiefly  of  a  sub- 
jective nature.  At  first  a  slight  local  edema  without  swelling  or  red- 
ness may  be  seen.  In  a  few  days  there  is  cWdcnce  of  dccp-scated 
infiltnition,  and  the  part  becomes  tender  on  pressure.  A.s  the  inflam- 
mation approaches  the  surface,  all  the  symptoms  become  more  marked. 
At  this  time  the  .ikin  is  tcn.fe  and  red,  and  the  subjacent  tissues  are 
swollen  and  infiltnited.  There  is  early  fever,  and  an  examination  of 
the  blood  will  show  a  marked  leukocytosis. 

The  treatment  of  these  abscesses,  often  large  and  deep-seated,  is 
of  much  imjjortance.  Once  the  diagnosis  has  been  made,  they  should 
be  opened  in  order  to  prevent  extension  of  the  suppuration  and  unnec- 
essary destruction  of  tissue  and  ix-rhaps  fatal  systemic  infection.  Such 
abscesses  .should  always  be  opened  with  strict  antiseptic  precautions, 
firstly  becau.se  their  contents  may  prove  tn  be  sterile,  and  secondly 
because  a  mixed  infection  might  add  to  the  virulence  of  the  inflam- 
matory  process.  An  incision  should  be  made  large  enough  to  enable 
the  operator  to  reach  all  parts  of  the  interior,  of  the  abscess-cavity. 
The  fluid  contents  having  been  thoroughly  evacuated  by  pressure, 
douching,  or  sponging,  the  walls  should  be  thoroughly  curetted  in 
order  to  remove  the  abscess-wall  or  that  portion  of  it,  at  least,  which 
contains  the  pyogenic  organism.  The  remaining  cavity  should  then 
be  disinfected  thoroughly  with  carbolic  acid  i  :  loo,  corrosive  subli- 
mate 1 :  1000.  or  peroxid  of  hydrogen,  and  packed  witli  ioilofurm  gauze. 
Occasionally  an  abscess-wall  may  be  so  accessible  as  to  be  reached 
and  dissected  out  by  the  knife.  Under  these  circumstances  it  would 
be  possible  to  obtain  healing  by  first  intention.  It  is  better  in  doubtful 
cases  to  pack  with  gauze  and  bring  the  walls  together  a  day  or  two 
later  by  tying  the  pro\'isiona!  sutures. 

If  it  is  not  jw^^siblc  to  tlisinfcct  the  cavity  thoroughly,  then  drain- 
age in  some  form  should  be  usetl.  Rubber  dnun«  are  most  useftd  for 
this  pur|>ose,and  can  be  [lacked  in  place  with  gauze.  If  it  be  desirable 
B      to  keep  the  edges  of  the  wound  moist,  large  antiseptic  poultices  of 
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moist  gauze  may  be  used.  They  should  be  changed  every  two  or 
three  Iiours  when  the  discharge  is  free  and  foul.  Corrosive  sublimate 
when  used  in  a  poultice  should  not  be  strong,  i  :  10,000  being  suffi- 
cient. Sulpho-naphthol  1  :  500  or  creolin  may  be  employed  as  useful 
substitutes.  In  deep-seated  abscess,  involving  internal  organs,  such  as 
pcrinepliritic  abscess,  the  operation  required  i.s  one  of  major  importance. 

Panaritituu  or  felon  is  another  e.xamplc  of  subfascial  abscess. 
Its  origin  varies,  for  it  may  begin  in  the  skin,  in  the  subcutaneous 
tissue,  in  the  tendons,  or  in  the  periosteum.  The  infection  takes 
place  through  some  skin-abra.sion,  callus,  blister,  or  punctured  wound. 
Cooks,  butchers,  and  dissectors  are  liable  to  these  infections,  their 
hands  coming  in  contact  with  putrescible  substance.-).  The  anatomical 
.irrangement  of  the  connective-tissue  felon  on  the  palmar  surface  of 
the  hand  and  fingers  is  such  that  it  runs  perpendicularly  inward  to  the 
palmar  fascia  or  to  tlie  sheaths  of  the  tendons,  ajid  the  infective  mate- 
rial is  for  this  reason  readily  directed  to  the  deeper  parts.  The  felon 
is  usually  found  at  the  end  of  the  fingers.  It  begins  with  an  intense 
throbbing  pain  and  gradually  increasing  swelling.  There  is  more  or 
less  fever  and  great  suffering  from  the  throbbing  character  of  the  pain. 
The  pus  is  confined  either  beneath  the  periosteum  or  the  tendon  or 
fascia,  and  if  not  evacuated  may  spread  and  break  into  the  tendon 
sheaths,  and  thence  extend  into  the  palm  of  the  hand.  This  extension 
occurs  most  readily  in  the  sheaths  of  the  tendons  of  the  thumb  and 
little  finger,  which  are  continued  into  the  palm  of  the  hand  and  beneath 
the  annular  ligament. 

Abscesses  which  form  under  the  palmar  fascia  are  known  as  palmar 
abscesses.  The  infection  may  be  transmitted  from  the  fingers,  as  above 
stated,  or  it  may  occur  through  bruises,  wounds,  or  blisters  in  the  skin 
of  the  palm  of  the  hand.  Like  the  felon,  this  abscess  is  liable  to  spread 
rapidly,  and  if  it  is  neglected,  pus  may  in  a  day  or  two  be  found  above 
the  annular  ligament,  and  may  even  dissect  apart  the  deeper  structures 
of  the  forearm.  When  a  palmar  abscess  reaches  its  stage  of  full  de- 
velopment, the  whole  hand  is  involved,  the  integuments  are  greatly 
swollen,  the  natural  furrows  of  the  hand  disappear^  the  fingers  are 
flexed,  and  the  hand  assumes  a  claw-like  aspect. 

The  treatment  of  abscess  of  the  fingers  and  the  palm  of  the  hand 
should  be  most  prompt,  as  delay  may  permit  disorganization  not  only 
of  the  soft  parts  but  even  of  the  bones  and  joints  of  the  hand.  In 
case  of  felon,  the  knife  should  be  carried  down  to  the  bone  and  cut 
clean  to  the  end  of  the  finger-pulp.  In  making  incisions  into  the  palm, 
care  should  be  taken  to  avoid  the  vessels  of  the  palmar  arch.  Brooks's 
nietliod  of  making  incisions  along  the  folds  of  the  palm  {Fig.  26),  turn- 
ing t>ack  a  large  flap,  and  curetting  the  subjacent  abscess  is  an  improve- 
ment on  the  older  methods.  By  carefully  determining  the  seat  of  the 
pus  the  knife  may  be  used  without  fear,  and  when  the  pus-cavity  once 
lias  been  opened,  its  various  ramifications  should  be  followed  to  their 
farthest  point  of  extension.  After  a  prolonged  bath  in  some  warm 
antiseptic  solution  the  hand  should  be  ])laced  in  a  large  antiseptic 
jioultico  reaching  nearly  to  the  elbow.  The  arm  should  either  be 
placed  up(Mi  a  sjilint.  or  if  the  case  is  serious  the  patient  should  be 
placed  in  bed  and  the  arm  allowed  to  lie  upon  a  pillow,  the  hand 
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being  very  slightly  elevated.  Serious  contraction  of  the  finger  may 
occur,  due  to  sloughing;  of  the  tendons  or  the  furination  of  cicatricial 
band:). 

Phlegmonous  inflammation  is  a  term  given  to  the  sprcjiding 
forms  of  MipjtuiaUoii,  such  as  arc  usually  produced  by  the  invasion  of 
tile  streptococci.  In  tliese  cases  all  the  signs  of  acute  inflammation 
are  present  and  the  area  involved  is  extensive.  The  connective -tissue 
spaces  and  the  lymphatic  vessels  arc  the  routes  through  which  the 
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virus  spreads.  The  streptococci  do  not  cause  suppuration  at  first,  but 
as  they  grow  they  exert  a  widespread  poisonous  influence  upon  the 
ti.ssue.  If  an  incision  is  made  into  the  part  during  the  early  stage  of 
the  process,  there  is  set  free  a  more  or  less  clear  yellowish  fluid  which 
may  contain  a  few  pus-cells  or  flakes  of  fibrin,  Sloughing  begins 
early,  and  gradually  suppuration  is  t-stabUshed.  The  skin  is  freely 
loosened  from  the  fi»scia  by  the  death  of  the  intervening  structures, 
and  the  muscles  are  often  dis.sected  ajwrt.  Such  inflammations  are 
often  the  sequel  nf  infection  starting  as  a  felon  or  palmar  abscess. 
Frequently,  however,  the  virus  spreads  far  too  rapidly  for  suppuration 
to  become  established  at  these  points,  and  the  whole  arm  quickly  be- 
comes involved.  The  skin  is  hard  and  brawny  at  points,  and  covered 
here  and  there  with  biill^.  The  wlinle  limb  is  edematous.  In  some 
of  the  worst  forms  the  subcutanctius  tissue  becomes  cmpliyscmatous, 
due  to  the  presence  of  gas  given  off  by  the  gas-producing  bacillus  (Ba- 
cillus aerogcnes  capsulaius  of  Welch).  Such  a  type  approaches  that 
form  of  septic  inflammation  known  as  malignant  edema,  due  to  infection 
with  the  bacillus  of  that  name.  The  occurrence  of  true  malignant 
edema  in  hunum  lieings  is  regarded  by  Welch  as  an  unsettled  question. 

The  constitutional  disturbance  in  phlegmonous  inflammation  is  usu- 
ally profound,  and  may  develop  into  true  septicemia  if  the  streptococci 
gain  an  entrance  into  the  system  in  suflicicnt  numbers. 

A  good  example  of  phlegmonous  inflammation  is  seen  in  a  case  of 
compound  fracture  of  the  leg  which  has  become  septic.  In  such  a 
ca.se  the  sofi  parts  extending  from  the  ankle  to  the  knee  may  become 
involved  in  the  sepsis.  The  most  severe  type  of  tiiis  inflammation  is 
phlegmonous  crj^'sipelas. 

Pus  frequently  accumulates  in  large  quantities  in  the  prc\TSceral  or 
postvisceral  spaces  of  the  neck  (cervical  abscess),  in  the  subdiaphrag- 
matic region,  around  the  kidney  (perinephritic  abscess),  the  liver,  the 
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gall-bladder,  the  pancreas,  the  appendix,  and  the  uterine  adnexa.  Ab- 
scesses in  these  regions  are  of  special  interest  to  the  surgeon,  and  are 
described  in  their  appropriate  places. 

Diagnosis. — The  symptoms  of  abscess  already  enumerated  suffice 
to  make  the  diagnosis  of  abscess  easy  in  the  great  majority  of  cases. 
Abscess  has,  however,  been  mistaken  for  a  great  variety  of  diseases. 
One  of  the  most  serious  errors,  and  one  which  has  frequently  been 
made,  is  to  mistake  aneurysm  for  abscess.  The  gush  of  arterial  blood 
which  follows  plunging  the  knife  into  such  a  swelling  leaves  no  further 
doubt  as  to  the  diagnosis.  Various  tumors,  such  as  sarcoma  or  fatty 
tumor,  may  be  mistaken  for  abscess. 

An  abscess  burrows  in  the  direction  of  least  reijistance,  but  its  spread  is  not  due  to  press- 
ure nlooe,  but  lo  the  infection  produced  by  the  bacteria.  Dense  fascix  are,  however, 
usually  sufficiently  strong  to  prevent  infection  through  them  except  when  in  contact  with  the 
most  virulent  poisons.  It  is  not  good  surgery  to  count  upon  the  absorption  of  pus,  for  only 
very  small  quuntities  of  it  may  disappear  in  this  way.  Minute  or  miliary  abscesses  may 
disapi^car  entirely  by  absoq>tion,  but  a  collection  of  pus  sufficiently  large  to  be  recc^rnized 
clinically  is  a  focus  of  infection  and  a  source  of  danger  even  after  the  death  of  its  bacteria. 
Many  al>sccs>es  which  have  been  .supposed  to  be  absorbed  break  into  the  intestinal  canal. 
Appendiceal  abscesses  are  sometimes  cured  in  this  way. 

Treatment. — In  the  spreading  forms  of  inflammation  the  most 
prompt  intervention  on  the  part  of  the  surgeon  is  demanded.  The 
indications  are  to  reach  the  niicro-organism-s  at  all  points  where  they 
arc  growing  actively  in  the  tissues  and  to  attack  them  with  all  the  re- 
sources of  antiseptic  methods.  Small  incisions  may  only  aggravate 
the  mischief  by  introducing  new  organisms.  Free  incisions  therefore 
are  indicated,  and  pus  should  be  followed  relentlessly  to  the  farthest 
point  pf  the  suppurating  tissue.  When  the  area  involved  is  very  ex- 
tensive, it  may  be  preferable  to  make  multiple  incisions,  so  arranged 
that  drainage  may  satisfactorily  be  obtained  and  that  the  scar  may  be 
so  situated  as  not  to  interfere  with  the  function  of  the  part.  All 
sloughing  tissue  should  be  excised  or  scraped  away,  all  pus-cavities 
curetted,  and  all  exposed  surfaces  disinfected*  by  free  douching  with 
antiseptic  washes.  Large  antisci)tic  poultices  (p.  72)  are  the  best  form 
of  dressings,  as  they  favor  a  flow  of  serum  from  the  part,  and  thus  aid 
Nature  in  an  attempt  to  wash  away  the  virus.  Frequent  antiseptic 
baths  also  are  useful  for  this  purpose,  the  limb  being  allowed  to  remain 
for  an  hour  at  a  time  in  some  mild  antiseptic  fluid. 

The  internal  treatment  consi.sts  in  the  free  use  of  alcoholic  stimu- 
lants. Strychnin  and  digitalis  may  be  administered  when  the  pulse  in- 
dicates a  feeble  action  of  the  heart.  The  patient  should  be  kept  in  bed, 
and  the  limb  placed  in  a  comfortable  position  on  a  pillow.  Opiummay 
be  given  to  relieve  pain  and  to  ensure  rest. 

ULCER. 

An  ulcer  is  a  solution  in  continuity  of  the  skin  or  the  mucous  mem- 
brane which  shows  no  tendency  to  heal.  The  term  implies  that  the 
wound  or  granulating  surface  is  stationary  or  enlarging,  and  that  it  has 
developed  by  a  death  of  the  part  piecemeal.  It  owes  its  existence  to 
an  excess  in  action  of  the  retrograde  clianges  over  tho.se  of  repair. 
An  open  granulating  wound  is  not  an  ulcer,  but  it  may  become  one  if 
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the  granulations  begin  to 'break  dawn  and  the  edges  begin  to  melt 
away.  A  large  granulating  wound  that  comes  to  a  standstill  owing  to 
the  inability  of  the  parts  to  cover  so  extensive  a  surface  is  called  an 
ulcer.  An  example  i:>  the  unhealed  end  of  an  amputation  stump.  Ulcers 
may  be  c!as.sified  according  to  their  mode  of  origin.  A  large  number 
of  ulcers  result  from  infection  i^roducing  granulalion-tissue  which  is  of 
low  vitalitj'  and  easily  breaks  down.  The  diseases  which  most  fre- 
quently give  rise  to  ulceration  are  syphilis,  tubercle,  leprosy,  glanders, 
and  cancer. 

Ulceration  may  be  produced  by  disturbance  in  the  circulation  or  in 
the  ncrvc-supply.  Oblitcrative  changes  in  the  arterial  system  give  rise 
to  local  anemias  which  arc  incompatible  witli  the  life  of  the  part,  and 
thus  cause  ulceration.  Kxam])les  of  such  changes  maybe  found  occa- 
sionally in  the  stomach  and  duodenum.  Passive  hyperemia  gives  rise 
to  stagnation,  softening,  and  degeneration,  and  pressure  may  cause 
stasis  and  necrosis.  Varicose  ulcers  and  decubitus  arc  clinical  exam- 
ple-i  of  such  conditions.  Disturbance  in  the  nerve-supply  gives  rise  to 
a  long  train  of  trophic  disturbances,  among  which  is  ulcer.  Local 
friction  may  cause  abrasions  which  develop  into  ulcers. 

The  surfiice  of  an  ulcer  is  usually  covered  with  a  layer  of  more  or 
less  brokt-n-iiitwn  tissue  mingled  with  exudation,     it  may  be  in  a  state 
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oT  coagulation  necrosis  and  form  a  rinil  which  covers  the  granulation- 
tissue  below  it.  In  a  section  of  an  ulcer  tins  layer  of  granulation-tjssue 
is  about  the  thickness  of  the  adjacent  cutis.  The  cells  of  which  it  is 
composed  are  largely  polynucleated  leukocytes  and  epithelioid  cells 
wth  comparatively  little  intercellular  substance.  This  layer  is  more  or 
less  defined  owing  to  the  crowding  together  of  the  round-cell  elements 
which  characterize  it.  lieneath  this  layer  a  more  transparent  tissue  is 
seen  containing  a  larger  quantity  of  intercellular  substance  composed 
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of  pale  transparent  fibers  and  a  number  of  fusiform  cells.  Deeper  still 
the  tissues  become  more  fibrous,  partaking  more  of  the  character  of 
cicatricial  tissue.  I'rom  this  layer  blood-vessels  are  given  ofT  which 
run  more  or  less  vertically  upward  and  lose  themselves  in  a  capillary- 
network  near  the  surface  of  the  ulcer.  The  base  of  the  ulcer  consist^ 
as  will  be  seen  from  this  description,  of  two  principal  layers,  a  s<rft 
granulating  surface  which  can  easily  be  scraped  away,  and  a  den-ier 
tissue  beneath  it  which  remains  after  curetting.  This  appears  to  the 
naked  eye  as  a  dense  whitish  layer  bleeding  at  numerous  points.  It 
serves  as  a  sort  of  fascia  separating  the  morbid  tissue  from  the  sur- 
roundinsf  healthy  parts  (I'ig.  27). 

The  edges  of  old  ulcers  are  raised  somewhat  above  the  level  of  ihr 
base,  and  arc  made  more  prominent  often  by  the  thickened  layers  of 
qjidermal  tissue.  Such  ulcers  are  said  to  have  callous  edges,  and  the 
ihickined  masses  of  epidermis  ap]>car  to  be  an  ineffectual  effort  upon 
the  jjart  ttf  Xature  to  bridge  over  the  chasm.  Ileneath  the  epidermis 
lies  the  papillary  layer.  The  papillae  are  more  or  less  elong.-»led  and 
contain  a  rich  vascular  and  cellular  tissue  and  considerable  niimhcrs 
of  granules  of  blood-pigmcnt.  which  may  be  found  also  in  \\\v  rctc 
mucosum.  Tlie  margins  of  ihc  ulcer  arc  sometimes  undennined.  This 
is  particularly  characteristic  of  tuberculous  ulcers.  Under  these  cir- 
cumstances its  edges  are  red  and  infiltrated,  and  often  have  a  bluish 
tinge. 

Varicose  Ulcer. — This  is  the  most  common  form  of  ulcer  seen  by 
the  surgeon.  It  is  found  upon  the  legs,  usually  at  the  junction  of  the 
middle  and  lower  thirds.     Its  origin  Is  due  to  ilie  presence  of  varicose 
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veins  which  produce  a  stagnation  or  passive  congestion  of  the  capillary 
districts  involved.  The  surrounding  tissues  become  satunitcd  with  a 
thin  scrum  which  oozes  through  the  walls  of  the  capillaries  and  small 
veins.  This  causes  edema  of  the  parts.  With  the  serum  there  is  an 
exudation  of  the  red  blood-corpuscles,  which  break  d«wn  and  Ica^ 
an  cxtensi\c  pigmentation  or  bronzing  of  the  part.*.  The  nutrition  a| 
the  tissues  is  enfeebled  and  the  edema  causes  a  softening  of  them. 
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small  abrasion  occurs  finally  as  the  result  of  friction  or  some  slight 
trauma,  or  a  tlironibtjsis  nf  one  of  the  supfrficial  veins  produces  a 
5lou|rh,  and  the  minute  wound  thus  made  ts  unalile  tn  henl.  (iranula- 
tions  form,  but  soon  break  down,  and  the  condition  of  ulceration  is 
established.  The  surrounding  parts  arc  infiltrated  and  more  or  less 
infecled  with  orjjanisms,  and  arc  further  soflciied  by  a  continuation  of 
the  in  flam  nut  tor)'  proce>is  now  developed.  Tiie.se  ulcers  enlarge  grad- 
ually, and  at  times  an  acute  inflammation  may  sujwrvene.  accompanied 
by  phlebitis  of  -uime  i>f  the  iHrgt^r  veins.  Small  abscesses  form,  which 
break  but  do  Jiot  heal.  When  the  local  inflammation  sub.sidcs.  the  orig- 
inal ulcer  has  become  greatly  enlarged.  These  varicose  ulcers  arc 
occasionally  of  great  size  and  may  even  girdle  the  limb  (lug.  28). 
When  neglected,  as  they  often  are  in  aged  or  infinn  jjcoplc,  who  are 
unable  to  submit  to  treatment,  they  become  extremely  foul  and  arc 
covered  with  a  rind  i»f  neerosetl  and  dectjmp<jsing  tissue. 

Decubitus  or  bed-sore  is  also  produced  by  obstruction  to  the 
orculatton  by  direct  pressure  u[>on  the  part  affected.  Hed-sores  occur 
in  individuals  who.se  circulation  is  cnfeeblc<l  by  disease  or  old  age.  and 
appear  beneath  the  bony  prominences  u]>on  the  posterior  aspects  of  the 
pel\is  and  inferior  extremities.  A  slough  is  formed  from  the  venous 
stasis,  and  around  this  ulceration  takes  place,  which  may  penetrate  to 
the  bone.  Such  l>ed-sores  are  liable  to  occur  at  jwrts  dcpriveil  of  their 
nerve-supply,  as  after  injury  to  the  cord  in  fracture  of  the  spine.  They 
are  due  to  the  immobilitj'  of  the  part  and  the  lack  of  pain,  and  also  to 
the  absence  of  innervation  by  the  trophic  ncr\'es. 

Ulceration  may  also  be  caused  by  the  pressure  of  splints  {Splint- 
sorfs). 

A  characteristic  of  ulceration  from  absence  of  innervation  is  the 
so-called  mal prrforaits^  which  is  found  frequently  n.ssociated  with  loco- 
motor ataxia.  It  is  a  sharply-cut  circular  ulcer  developing  upon  the 
sole  of  the  foot,  is  deeply  exca\'aled.  often  involving  a  joint,  and  is  sur- 
rounded by  an  overhanging  border  of  thickened  epidermis.  It  is 
probable  that  this  ulcer,  like  those  occurring  after  injuries  to  the  spinal 
cord,  is  principally  due  to  pressure.  Ulcers  are  named  frequently  ac- 
cording tn  some  prominent  clinical  sj^mptom  associated  with  them. 

An  inflamed  tJlcer  is  one  which  develops  with  the  signs  of  more 
or  less  acute  inflammation,  such  as  occurs  often  in  the  life  history  of 
varicose  ulcers. 

Erethistic  ulcer  is  one  the  great  sensitiveness  of  which  persists. 
It  occurs  in  old  ulcers  of  bone  or  in  the  neighborhood  of  some  very 
sensitive  organ,  such  as  the  anus. 

Ulcers  may  be  fungous,  owing  to  the  presence  of  exuberant  and 
edematous  granulations.  Tuberculous  ulceration  often  presents  this 
appearance. 

Hemorrhagic  ulcers  are  seen  in  scurfy.  Torpid  ulcers  arc  seen 
in  indinduals  suffering  from  cachexia.  The  granulations  are  pale,  and 
the  secretion  is  thin  and  watery.  Tuberculcsis  and  scurvy  arc  diseases 
in  which  this  tyiie  is  most  frequently  seen.  A  callous  ulcer  is  one 
which  has  remained  without  material  change  for  a  long  period  of  time. 
The  surface  is  dirty,  and  it  secretes  a  thin  mucopurulent  material. 
K  The  edges  are  raised  considerably  above  the  surface,  and  the  skin 
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adjoining  is  indurated  and  immovable.  Old  varicose  ulcers  often 
present  this  type. 

Phagedenic  ulcers  are  those  which  spread  with  great  rapidity. 
The  edges  and  base  have  an  appearance  as  if  gnawed  by  a  rodent 
Such  ulcerations  are  often  gangrenous  in  character.  These  appear- 
ances are  found  also  in  ulcers  which  have  been  treated  with  irritating 
applications.  A  chancre  occasionally  becomes  phagedenic,  and  when 
in  this  condition  is  an  unusually  obstinate  affection. 

The  Treatment  of  Ulcers. — Varicose  ulcers  are  best  treated  by 
rest  and  elevation  of  the  part.  In  the  niiijority  of  cases  they  will  heal 
under  these  circumstances.  This  method  of  treatment  is  hard  to  can^* 
out,  as  these  ulcers  occur  in  that  class  of  patients  which  cannot  afford 
the  necessary  time.  When  it  is  necessary  to  treat  the  case  as  an 
ambulating  one,  the  hyperemia  may  be  relieved  by  bandaging  or  plas- 
ters. Rubber  bandages  are  useful  for  this  purpose,  as  they  can  be 
applied  even  by  the  most  ignorant,  and  can  be  kept  clean.  The  band- 
age should  be  allowed  to  remain  on  in  the  day-time  only.  Strapping 
with  strips  of  diachylon  or  rubber  plaster  is  a  good  substitute,  and  can 
be  used  in  the  milder  forms  of  ulceration,  the  plaster  being  changed 
every  few  days.  Very  foul  ulcers  must  be  treated  by  rest  in  bed  and 
the  local  use  of  antiseptic  poultices.  Such  poultices  can  be  made  by 
soaking  absorbent  cotton  or  gauze  in  solution  of  boric  acid  of  the 
strength  of  2  per  cent.,  or  in  phenyl  1  ;  500.  Cleansing  washes  with 
pero-xid  of  hydrogen  or  carbolic  acid  or  chlorinated  soda  favor  the 
restoration  of  a  healthy  granulating  surface.  If  it  is  desired  to  apply 
a  dry  dressing,  iodoform  or  aristol  may  be  dusted  over  the  surface. 
These  can  be  followed  by  the  use  of  pure  zinc  ointment,  which  forms 
a  protective  layer  not  easily  absorbed  by  dressings,  and  the  part  is  thus 
kept  from  scabbing. 

Painful  ulcers  are  not  amenable  to  any  one  form  of  dressing.  Poul- 
tices are  complained  of  bitterly  as  being  too  "  drawing."  Some  neu- 
tral ointment  or  one  mixed  with  cocain  hydrochlorate,  12  grs. :  3j.  often 
gives  relief. 

Indolent  ulcers  are  often  stimulated  by  the  application  of  balsam 
of  copaiba  or  Peru.  Tincture  of  myrrh,  .sj :  3J  of  water,  has  a  tonic 
effect  upon  the  granulations.  Weak  solutions  of  tincture  of  iodin  have 
an  alterative  effect  upon  such  ulcers. 

Many  ulcers  owe  their  inability  to  heal  to  the  firm  adhesion  of  the 
surrounding  integuments  to  the  parts  below.  Much  benefit  has  been 
obtained  by  lateral  incisions  which  release  the  edges  and  permit  of 
cicatricial  contraction. 

I^rge  ulcers  are  best  treated  by  Thiersch's  method  of  skin-grafting. 
After  this  operation  upon  a  varicose  ulcer  the  patient  should  be  cau- 
tioned not  to  use  the  leg  too  soon,  as  the  cicatricial  tissue  formed  under 
the  grafts  readily  breaks  down.  A  rest  of  several  wrecks  is  indispen- 
sable for  the  permanency  of  the  cure. 

FISTULA. 

A  fistula  may  be  defined  as  an  abnormal  opening  into  a  normal 
cavity  or  organ,  or  as  a  long  narrow  channel  indisposed  to  heal.     The 
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latter  condition  is  usually  called  a  sinus.  The  term  "fistula"  is  applied 
to  congenital  opening.^  or  defects  as  well  as  to  those  which  result  from 
abscess.  The  inflammatory  sinus  or  fistula  is  similar  in  character  to 
an  ulcer — that  is,  it  represents  a  wound  which  has  nu  further  tendency 
to  heal. 

A  sinus  may  be  *]ue  to  the  inability  of  the  parts  to  complelc  cica- 
trization, owing  to  the  presence  of  a  foreign  body,  such  as  an  infected 
stitch  or  ligature.  The  locality  of  the  wound  may  be  such  that  un- 
avoidable movements  prevent  the  deeper  portions  of  the  wound  from 
healing.  A  6stula  is  generally  caused  by  the  escape  of  the  physiolog- 
ical secretions  or  excretions,  such  as  saliva,  urine,  or  feces.  When 
pus  has  hurrowe*!  for  a  considerable  distance  beneath  the  skin,  and  a 
large  granulating  surface  has  been  established,  the  mere  shape  of  the 
cavity  is  in  itself  an  obstacle  to  cicatrization,  as  the  secretions  have  an 
opportunity*  to  escape.  Such  sinuses  are  often  diic  to  tlic  presence 
of  tuberculous  granulations. 

Treatment. — Superficial  sinuses  should  be  laid  open  freely  and 
their  areas  ciirettei.1.  A  careful  hunt  should  be  made  for  infected  liga- 
tures. These  can  often  be  secured  by  a  crochet  needlt-  or  a  fine  ciiret. 
Complete  extir})ation  of  small  fistulic  is  sometimes  possible,  and  under 
these  circumstances  union  by  first  intention  can  be  obtained.  With 
careful  antiseptic  precautions  this  method  can  be  carried  out  in  cases 
of  fistula  in  a>w,  which  are  usually  tuberculous.  When  it  is  not 
desirable  to  use  the  knife,  medicated  injections  can  oflen  be  used  to 
advantage. 

Among  the  solutions  which  can  be  employed  for  this  purpose  are: 
tincture  of  iodin  used  in  full  strength  or  more  or  less  diluted;  carbolic 
acid  (i :  300),  or  phenyl  (i :  250).  A  10  per  cent,  emulsion  of  iodo- 
form in  glycerin,  and  Krausc's  emulsion,  which  also  contains  gum 
arable  and  carbolic  acid,  are  valuable  remedies.  Fistula:  remain  often 
for  many  months  after  abdominal  operations.  These  are  due  either  to 
infected  ligatures  or  to  the  communication  of  a  sinus  with  the  bowel 
or  the  Fallopian  tubes.  These  fistul.-e  often  eventually  heal  sponta- 
neously. If  it  is  decided  to  operate  upon  them,  they  should  cither  be 
curetted  with  great  care,  .so  as  not  to  o[x-n  the  (>eritoneal  cavity,  or  an 
opening  should  be  made  near  them  into  the  [xrritoneal  ca\ity,  whicli 
should  then  be  walled  off.  The  track  of  the  sinus  or  fistula  can  then 
be  traced  to  its  source,  and  the  diseased  tissue  can  often  be  excised. 

Attention  should  be  given  in  all  cases  to  the  general  condition  of 
the  patients  and  their  surroundings.  A  chronic  fistula  will  often  heal 
after  some  intercurrent  disease,  such  as  scarlet  fever  or  typhoid  fever. 
A  thorough  change  in  the  habits  of  the  patient  may  also  bring  about 
the  same  result 


CHAPTER    IV. 
SURGICAL  PATHOLOGY  OF  THE  BLOOD. 

The  examination  of  the  blood  throws  so  much  light  upon  the  con- 
dition of  surgical  patients  as  to  make  it  a  useful  rule  that  every  patient's 
hemoglobin  shall  be  tested  once  a  week  (Mikulicz).  This  is  done 
partly  to  watch  the  progress  of  patients  after  bloody  operations,  and 
partly  to  ascertain  whether  it  is  advisable  to  operate  upon  patients 
already  very  anemic. 

Blood-regeneration  After  Operation. —  i.  Mikulicz  iinds  that 
the  length  of  time  needed  for  full  restoration  of  the  blood  to  normal 
depends  on :  {a)  the  amount  of  blood  lost ;  (^)  the  age  and  nutrition 
of  the  patient  (those  at  the  extremes  of  life  bear  hemorrhage  badly) ; 
(r)  the  existence  of  other  diseases  (cancer,  tubercle,  typhoid) ;  (rf)  the 
treatment. 

Other  conditions  being  favorable,  he  finds  that  a  loss  of 

Under  i  per  cent,  of  the  bUxxi-mnss  i.s  made  up  in  from  2  to  5  days. 

From  I  per  cent,  to  3  jwr  cent,  of  the  blood- ma s.s  is  made  up  in  from    5  to  14  days. 

From  3  per  cent,  to  4  per  cent,  of  (he  blood-mass  is  made  up  in  from  I4  to  30  days. 

Few  surgical  operations  involve  a  loss  of  over  3  per  cent.,  and 
accordingly  in  a  normal  adult  individual  under  favorable  conditions 
we  expect  the  blood  to  be  normal  within  two  weeks  from  the  time  of 
operation.  If  it  is  not  so  we  suspect  some  deeper  cause  for  the  de- 
layed regeneration — 1\  g.  cancer.  Rierfreund  noticed  that  after  oper- 
ations for  malignant  di.sease  the  blood  docs  not  begin  to  be  regen- 
erated until  considerably  later  than  after  other  operations — a  week 
later  on  the  average — and  that  it  ncfcr  reached  as  high  a  point  as  it 
had  before  operation.  This  assertion  of  Bierfreund's,  based  upon  many 
cases  watched  during  long  periods,  is  all  the  more  extraordinary 
because  some  of  his  cases  made  a  marked  gain  in  weight  and  appeared 
to  be  greatly  improved  in  other  respects  after  the  operation.  So  far 
as  I  know  there  has  been  neither  confirmation  nor  contradiction  of 
Hierfreund's  data. 


lti,^«i.  •*"  '=''"*•  Wb.  I    Per  cciii.  HI..  ,  |    Time  elapdng   bcfoM 

Uiapiosis.  beforeopcr;iti<in.   after  operalion  ^^"^         1         Hb.  begiM  to  ri«e. 


Malignant  tumors  without  1  ,„  ,           I          ,_ 

complications.                    /  "■*                    '-^                        ^'^ 

Ver>-     la,K«^     or     rapidly  ^  ^^           '            g                      ^^_^ 

growing   tumors.               I  J    ^           1 
'I'umors  with  sofleninu  or 

marked  disturbance  of  \.  57.5                    39.7                  17. 8 

function. 


23     days. 
27-8  days. 

27     days. 


Average,  25.9  dajrs. 


In  72  cases  of  malignant  disease  Hicrfreund  noted  the  percentage 
of  hemoglobin  daily  after  the  operation  to  discover  how  many  days 
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elapsed  before  ihe  hemoglobin  began  to  rise.  In  ordinarj-  operations 
the  blood  begins  to  be  regenerated  in  from  five  to  twenty  days.  Tbe 
table  given  on  page  So  shows  the  conditions  found  in  72  cases  of 
malignant  disease. 

3.  Mikulicz  makes  it  a  rule  never  to  operate  on  a  patient  whose 
hemoglobin  is  under  30  per  cent.  This  gives  him  a  standard  up  to 
which  ijalients  must  be  brought  by  treatment  .T.nd  rest  before  he  will 
subject  them  to  further  loss  of  blood.  Surgeons  would  do  well,  in 
many  accident  cases  where  much  blood  has  been  lost,  to  assist  their 
judgment  as  to  operating  or  waiting  by  some  objective  test  like  Miku- 
licz's ^o  per  cent,  of  hemoglobin. 

Importance  of  Blood-exatnination  in  Accident  Cases  with 
Shock  or  Hemorrhage, — 1.  How  often  one  hears  the  question  dis- 
cussed in  the  accitL-nt  moni  of  any  hospital  whether  to  operate  at  once 
or  wait  till  the  patient  has  got  over  the  "  shock."  The  question  is  tiot 
often  asked  (far  less  answered)  whether  the  "shock"  is  sim]>ly  or 
largely  anemia  (cerebral  and  general)  from  loss  o^  blood,  or  whether  it  is 
of  ner\"ous  origin — 1.  (■.,  due  to  concussion,  compression,  etc.  The  right 
dcci.'iion  of  tliis  question  is  of  great  importance,  for  if  the  *'  shock  " 
means  anemia,  transfusion  may  be  indicated,  while  in  a  condition  of 
cerebral  concussion  or  compression  transfusion  will  probably  do  harm. 
An  examination  of  the  blood  enables  us  in  certain  cases  to  decide  such 
a  question.  That  is,  if  the  number  of  red  cells  is  considerably  dimin- 
ished— 3,500,000  or  less — and  if  the  patient  is  known  not  to  have 
been  prei-'iously  anemic,  the  "  shock  "  probably  means  hemorrhage. 

2.  Aside  from  the  question  of  whether  any  hemorrliage  has  taken 
place,  the  blood-count  may  enable  us  to  gauge  api>roxJniaicly  the 
amount  of  hemorrhage.  Here  it  should  be  remembered,  however, 
that  immediately  after  hemorrhage  the  count  may  be  nomial,  since 
only  the  amount  and  not  the  quality  of  the  blood  is  affected.  Within 
a  few  hours,  however,  fluid  is  absorbed  from  the  tissues  into  the  vessels, 
and  then  the  amount  of  anemia  is  indicated  by  the  blood-count. 

3.  Internal  or  concealed  lieniorrhjigc  in  obstetric  cases,  exlra-utcrinc 
pregnancy,  ruptured  aneurj-sm,  laceration  of  llie  spleen,  kidney,  liver, 
etc.,  can  sometimes  I»e  diagnosed  by  the  blood-exaniinalion.  A  man 
recently  entered  the  Massachusetts  General  Hospital  with  acute  pul- 
monary symptoms  resembling  pneumonia,  and  died  before  any  diag- 
nosis could  be  arrived  at.  The  point  inconsistent  with  pneumonia  was 
the  low  blood-count — 3,324,000  red  cells  with  33  per  cent,  of  hemo- 
ghibin — and  this  in  a  man  previously  well  and  not  anemic  should,  I 
think,  have  suggested  hemorrhage  somewhere.  Autopsy  showed  a 
ruptured  aortic  aneur)'sm. 

In  the  diagnosis  between  pus-tube  and  hematocele,  bct\vccn  hemo- 
thorax and  pleurisy,  1  have  found  the  blood-count  useful  in  a  similar 
way. 

Abscess  and  Deep-seated  Suppuration. — .Almost  all  acute 
and  subacute  su|ipunitive  j)ri'ti'sst_'s  in  any  part  of  the  body  manifest 
themselves  in  the  peripheral  blood  by  an  increase  in  the  number  of 
polymorphonuclear  leukocytes.  It  matters  not  whence  Ihe  blood  is 
taken,  whether  from  a  part  near  the  suppurating  point  or  at  a  distance. 
For  instance,  in  a  felon  the  blood  from  the  car  shows  as  great  a  leuko- 
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cytosis  as  that  from  a  finger  next  the  one  affected ;  and  in  suspected 
middle-ear  abscess  blood  from  the  ear  shows  the  same  number  of 
leukocytes  as  that  from  the  finger. 

1.  The  degree  of  leukocytosis  is  independent  of  the  amount  of  pus. 
A  felon  may  raise  the  leukocyte-count  as  much  as  an  empyema. 

2.  An  increasing  leukocytosis  points  to  a  spreading  process,  and 
may  be  the  only  evidence  of  it.  In  several  cases  of  appendicitis  where 
the  subsidence  of  pain,  tenderness,  temperature,  and  pulse-rate  seemed 
to  point  to  a  subsiding  process,  but  where  the  leukocyte-count  steadily 
rose,  the  subsequent  operation  has  proved  the  indications  given  by  the 
blood  to  be  correct.  In  this  connection  it  should  be  stated  that  a 
leukocytosis-rArt;'/  showing  the  increase  or  decrease  from  day  to  day  is 
as  much  more  valuable  than  a  single  count,  as  a  temperature-chart  is 
more  valuable  than  a  single  temperature  record.  It  is  the  rise  or  fall 
of  the  count  that  oftencst  helps  us  in  diagnosis,  not  the  single  count 

3.  Occasionally  leukocytosis  is  absent  despite  the  presence  of  a 
considerable  quantity  of  pus.  This  is  a  rare  occurrence,  but  when  it 
does  occur,  is  of  considerable  importance.     It  happens : 

{a)  In  cases  in  which  the  bacteria  in  the  pus  have  died. 

(/')  In  cases  where  the  pus  is  ver>'  thoroughly  walled  off 

Either  of  these  conditions  means  that  the  process  is  at  a  standstill, 
and  that  the  pus  is  acting  simply  as  a  foreign  body  and  not  as  a  center 
of  infection. 

(r)  In  fulminating  cases  of  extreme  severity  in  which  the  patient 
succumbs  without  offering  any  considerable  resistance  to  the  action  of 
the  infection.  For  example,  in  6  cases  of  rapidly-fatal  general  peri- 
tonitis I  have  found  the  leukocyte-count  normal.  In  68  other  cases 
of  general  peritonitis  and  in  hundreds  of  other  suppurative  affections  I 
have  never  failed  to  find  leukocytosis  except  on  the  conditions  just 
mentioned  in  («)  and  (<^)  above.  The  failure  of  the  leukocytes  to  react 
in  fulminating  septic  cases  is  similar  to  their  behavior  in  the  worst  cases 
of  pneumonia,  diphtheria,  and  some  other  infections.  Generalizing  these 
facts,  it  appears  that : 

I.  In  the  very  mildest  and  the  very  severest  cases  there  is  no  leuko- 
cytosis. 

II.  In  the  vast  majority  of  the  whole  range  of  cases — i.  r.,  those  of 
moderate  severity — leukocytosis  appears. 

In  other  words,  it  appears  as  if  leukocytosis  were  present  whenever 
there  is  a  hard  fight  between  the  attacking  infection  and  the  resisting 
powers  of  the  system — /.  e.,  in  over  90  per  cent,  of  all  cases  ;  while  if 
there  is  an  overwhelming  victorj'  either  for  the  system  or  for  the  infec- 
tion, the  leukocytes  are  not  multiplied. 

4.  When  drainage  is  established  and  free  exit  given  to  the  pus  of  an 
abscess,  the  leukocyte-count  usually  falls  rapidly  to  or  nearly  to  normal, 
As  soon  as  a  wall  of  granulation-tissue  is  established  between  the 
abscess-cavity  and  the  tissues  in  which  it  is  situated,  the  leukocytes 
become  normal  and  remain  so,  provided  the  drainage  is  free  and  suffi- 
cient, even  when  the  amount  of  pus  discliarged  is  large.  If  this  wall 
of  granulation-tissue  is  broken  down  by  curetting,  probing,  or  even  by 
the  removal  of  stitches,  the  Icukocj'te-count  will  rise  again.  Pocketing 
of  pus  or  anything  approaching  it  is  shown  by  a  similar  rise. 
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5.  Other  tilings  being  equal,  we  get  tlie  greatest  degree  of  leukocy- 
tosis in  the  nm^t  virulent  infections  well  resisted  by  the  system  and 
independent  of  the  number  of  cells  in  tlie  exudation.  A  general  peri- 
tonitis, showing  only  turbid  serum  and  fibrin-flakes  as  a  product,  may 
produce  as  high  a  count  as  one  in  which  the  abdomen  is  full  of  thick 
pus.  A  gangrenous  appendicitis  or  a  diphtheritic  endometritis  may  i-aisc 
the  count  higher  than  an  abscess  containing  quarts  of  pus.  Not 
the  proiluct  but  the  violence  of  the  infection  governs  the  amount  of 
leukocytosis. 

Average  cases  of  ap|»endicitis,  abscess,  or  pus-tube  show  from  15,000 
to  50.000  leukocytes  per  c.mm.  Counts  larger  than  this  mean  a  case 
of  the  greatest  severity.  Catarrhal  appendicitis  docs  not  raise  the 
count  atKJve  15.000. 

(\  Thi,-  count  of  leukocytes  is  i)f  especial  value  in  cases  of  dt-ep- 
seated  suppuration,  such  .is  ostenniyelitis  and  hejialic  or  perinephritic 
absceiis.  In  the  latter  alfections  I  have  re[*eatedly  seen  the  diagnosis 
suggested  by  the  leukocyte-count  at  an  early  stage  of  the  disease,  when 
practically  no  pain  or  fever  was  present. 

Purulent  accumulations  in  a  cerebral  sinus  following  middle-ear 
trouble  sometimes  slinw  themselves  through  the  blood-count  when 
there  is  nothing  c-lse  En  suggest  (he  liiagriosis.  The  tllflerenlial  iliag- 
nosis  between  suppurative  and  non-suppurative  ]X;lvic  disease  in  wtimen 
is  sometimes  materially  aided  by  the  positive  or  negative  indication 
given  by  the  blood. 

In  many  surgical  cases  the  ele\'ations  of  temperature  following 
operation  appear  sometimes  due  to  "nervousness"  or  other  mental 
disturbance.  In  sucii  cases  the  blood-count  is  unalTccted,  while  if  the 
tcmjx:raturc  is  due  to  sci>si5  or  deficient  drainage,  the  leukocytes  are 
increased. 

Other  aflections  which  may  cause  .symptoms  suggesting  pus.  but 
which  do  not  raise  the  leukocyte-count,  are  [a)  the  variou.s  colics — 
intestinal,  uterine,  hepatic,  renal ;  [b)  typhoid  fever,  in  avhich  resem- 
blance to  appendicitis  is  sometimes  puzzling  ;  ((*)  floating  kidney  ;  (rf) 
fecal  impaction  or  simple  const ipjit ion  ;  {c)  ovarian  or  pelvic  neur;dgia; 
(y  I  an  attack  of  grijjjK-.  or  malaria  occurring  during  conxiilescence  from 
a  surgical  operation.  These  complications  may  cause  a  great  deal  <if 
an.xiety  from  the  similarity  of  some  of  the  symptoms  to  those  of  severe 
sepsis,  hut  neither  of  them  affects  the  leukoc>*tes :  [the  detection  of 
the  malarial  organism  is  a  valuable  bit  of  evidence].  (^)  Serous 
pleuritic  eflusions  do  not  raise  the  leukocyte-count  appreciably  in 
the  great  m;ijority  of  cases.  Purulent  pleurisy  [empyema]  almost 
always   iUh's, 

Tubcrctllosls. — Pure  tubercular  infections  uncomplicated  by 
pyogenic  organisms  do  not  aflect  the  blood  to  any  extent.  The  only 
exception  to  this  is  tubercular  meningitis,  which  sometimes  is  and 
sometimes  js  not  accompanied  by  leukocytosis,  the  reason  for  this 
variation  being  as  yet  unknown.  "Cold  abscesses"  which  ha\x'  been 
opened,  and  so  infected  with  pyogenic  cocci,  <how  a  leukocytosis  at 
once.  In  hip  or  spinal  tiibercuhwis  an  increasing  leuk«K;yti>sis  means 
either  abscess- formation  or  an  increased  activity  in  the  tubercular 
process. 
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Tubercular  peritonitis  can  be  differentiated  from  other  varieties  of 
peritonitis  by  its  normal  blood-count. 

Mali^ant  Disease. — The  differential  diagnosis  between  malig- 
nant disease  on  the  one  hand  and  tuberculosis  or  abscess  on  the  other 
is  sometimes  greatly  assisted  by  the  examination  of  the  blood. 

As  between  malignant  disease  and  abscess  or  tubercle,  the  presence 
of  marked  deformities  in  the  red  cells,  or  of  nucleated  red  cells,  favors 
malignant  disease.  Only  occasionally  in  the  severest  forms  of  sepsis 
or  tuberculosis  do  we  find  these  changes  in  the  red  corpuscles,  and 
then  always  associated  with  great  anemia  ;  while  in  malignant  disease 
they  are  more  often  present,  even  without  extreme  anemia.  Positive 
evidence  is,  however,  of  far  greater  value  than  negative  in  such  cases, 
since  the  red  cells  arc  often  not  affected  in  cancer  until  the  later  stages 
are  reached. 

The  leukocytes  in  perhaps  the  majority  of  cases  of  early  cancer  are 
not  increased  in  number,  though  the  polynuclear  varieties  may  be  in  ex- 
cess, a  fact  of  the  same  significance  as  an  increase  in  the  whole  number. 

The  cases  in  which  the  total  count  is  increased  are  usually,  though 
not  always,  those  in  which  the  new  growth  is  extensive  and  rapidly 
spreading,  so  that  its  presence  could  be  determined  without  the  trouble 
of  making  a  blood-examination. 

Thus  the  majority  of  cases  of  early  mammary,  gastric,  and  labial 
cancer  show  no  blood-changes. 

Between  cancer  and  tubercle  the  presence  of  leukocytosis  points 
toward  the  former,  while  its  absence  is  consistent  with  either  diagnosis. 
The  importance  of  the  red  cells  in  this  question  has  already'  been 
mentioned. 

Between  cancer  and  abscess  the  leukocytes  do  not  help  us,  except 
that  if  there  is  no  increase  it  is  probably  not  abscess.  In  the  presence 
of  a  leukocytosis  we  can  sometimes  get  some  aid  in  the  diagnosis 
between  cancer  and  abscess  by  an  examination  of  the  amount  of  fibrin 
seen  in  the  microscopic  field  as  a  drop  of  blood  slowly  dries  between 
a  slide  and  cover-glass.  Fibrin  is  usually  increased  in  abscess,  and  not 
in  cancer.  Deformed  or  nucleated  red  cells  would  incline  us  toward 
the  diagnosis  of  cancer. 

Sarcoma  is  much  more  frequently  accompanied  by  leukocytosis 
than  cancer  is.  This  is  especially  true  of  osteosarcoma  and  renal 
sarcoma.  In  these  affections  the  counts  may  run  very  high,  even  to 
100,000  per  c.mm.  Between  osteosarcoma  and  tuberculosis  the  pres- 
ence of  leukocytosis  favors  the  former,  and  its  absence  the  latter.  I 
have  in  2  cases  seen  a  sarcoma  of  the  left  kidney  mistaken  for  leuke- 
mia, on  account  of  the  resemblance  of  the  tumor  to  an  enlarged  spleen 
ami  the  great  increase  in  the  number  of  white  cells.  Of  course,  the 
kiiiti  of  white  cells  that  are  increased  differs  absolutely  in  the  two 
cases,  aiul  a  glance  at  the  stained  specimen  will  settle  the  diagnosis; 
but  without  the  stained  spccinun  no  diagnosis  between  the  two  affec- 
tions is  possible  in  all  cases.     (See  leukemia.) 

Jaundice. — Owing  to  slow  coagulation  of  the  blood  in  certain 
cases  of  javnuiicL-,  it  is  adWsable  before  i>pLTating  on  such  cases  to  test 
the  coagtilation-timc  (by  Wright's  method^  and  to  nfodify  one's  prog- 
nosis and  treatment  if  tlic  coagulabilitj'  is  markedly  deficient. 
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leukemia. — Within  two  years  the  writer  has  seen  a  weTI-known 
surgeon  cut  down  upun  a  leukemic  liver  to  make  sure  that  it  was  leu- 
kemic. This  is  .ibsotutely  inexxusable.  The  diagno.'^is  of  leukemia  can 
be  made  with  absolute  certainty  by  the  binod-cxamlnntion  alone,  and  had 
been  so  made  in  this  case.  Any  cast;  with  chronic  enlargement  of  the 
spleen  or  lymplialic  glands  demands  a  careful  blood-examination,  with 
the  aid  of  which  no  diagnosis  in  medicine  is  easier  than  that  of  leukemia. 

The  confusion  of  leukocytosis  with  leukemia,  although  their  differ- 
ence has  been  frequently  pointed  out,  is  still  perpetuated  through  the 
carelessness  of  text-book  writers.  The  distinction  lies  not  in  the 
number  of  leukocytes  nor  in  the  duration  of  the  increase  (since  leuko- 
cytosis not  infrequently  shows  a  higher  count  itian  leukemia,  and  may 
last  longer),  but  \\\  the  kind  of  Icukocyle  incrtiuid.  In  leukocytosis 
only  the  |}olynuclear  forms  are  increased  ;  in  leukemia  it  is  the  lympho- 
cytes or  myelocytes  that  make  u]>  the  bulk  of  the  increase.  In  the 
fresh  S])ccimen  examinetl  between  slide  and  cover-glass  or  in  the 
Thoma-Zeiss  counting-chamber,  the  distinction  of  the  different  kinds 
of  leukocytes  is  not  practicable.  (.Jnly  in  the  stained  cover-slip  prepa- 
rations can  the  diflcrence'*  be  properly  -^een.     {See  Plate  4.) 

Lymphatic  leukemia  sometimes  causes  only  a  moderate  swelling 
of  the  external  lymph-ghmtls,  and  under  these  circunisLinces  may  be 
mistaken  for  tubercular  or  syphilitic  lymphadenitis.  The  diagnosis  is 
perfectly  simple  provided  we  do  not  forget  the  blood-examination  or 
exclude  leukemia  because  of  the  slight  enlargement  of  the  glands. 
This  mistake  is  e'speoially  apt  to  occur  with  the  gastro-intesiinal  form 
of  leukemia,  in  which  the  only  external  glandular  cnlai^emcnt  is  in 
the  neck. 

Psendolenkemia,  or  Hodgkin's  Disease. — The  post-mortem 
appearances  arc  in  all  respects  identical  with  those  of  leukemia,  and 
the  two  diseases  differ  on!y  in  the  i>lond-condition.  Hodgkin's  disease 
shows  «iv//m/ (*/(?<>(/ during  the  greater  part  of  its  course.  Toward  the 
end  a  slight  leukocytosis  may  appear,  but  there  is  never  the  slightest 
resemblance  to  leukemic  blood.  The  reported  transitions  from  the 
one  disease  to  the  other  are  probably  mythical.  Hodgkin's  disease  is 
usually  known  to  surgeons  as  lymphoma,  lymphadcnoma,  lympho- 
sarcoma, or  malignant  lymphoma.  The  confusion  of  terms  is  unavoid- 
able, since  there  apiKar  to  Jje  no  reliable  differentia',  either  gross  or 
microscopic,  between  sarcoma  of  the  lymph-glands,  lymphoma,  and 
Hotlgkin's  dise<usc.  The  surgeon's  chief  interest  in  such  cases  is  In 
distinguishing  Hodgkin's  disease  from  leukemia,  and  this  he  can  very 
easily  do  from  the  blood-examination. 

The  more  rapid  the  advance  of  the  disea-sc  the  more  likely  is  it 
that  the  polynuclcar  leukocytes  will  be  somewhat  increased.  Most 
cases  run  a  long  course — five  to  ten  years — and  in  such  the  blood 
remains  normal  till  near  the  end.  On  the  other  hand,  [  recently 
watched  a  case  which  ran  its  entire  course  in  six  weeks,  and  in  which 
there  was  always  some  pnlynuclear  leukocytosis. 

Bacteriology  of  the  Blood  in  Pyemia  and  Septicemia. — In 
a  certain  proportion  of  severe  septic  cases,  such  as  those  following 
wound  infection  and  puerperal  cases,  the  bacteriolt^ical  examination 
of  a  syringeful  of  blood  taken  from  a  vein  at  the  bend  of  the  elbow 
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gives  some  information  as  to  diagnosis,  prognosis,  and  trea' 
all  cases,  however,  even  of  the  severest  type,  show  any  ba 
peripheral  circulation. 

The  blood  may  be  taken  with  any  ordinary  hypoden 
This  is  sterilized  by  heat.  The  bend  of  the  elbow  is  rend 
as  if  for  operation,  and  all  traces  of  the  antiseptics  used 
with  boiled  water.  Pressure  above  the  elbow  makes  the 
out,  and  into  any  one  of  them  the  needle  of  the  syringe  may 
directly  without  any  preliminary  dissection.  The  piston  is 
drawn  until  the  barrel  of  the  syringe  is  filled.  After  puL 
needle  moderate  pressure  prevents  all  hemorrhage,  and  wit 
or  two  there  is  no  discomfort  left.  The  pain  caused  is  ha 
than  that  of  an  ordinary  hypodermic  injection. 

Blood  so  collected  is  poured  over  the  surface  of  2  or  3  I 
"  slants  "  and  cultivated  in  the  thermostat. 

The  presence  of  the  streptococcus  or  the  golden  staph) 
almost  always  equivalent  to  a  fatal  prognosis.  The  pre5 
Staphylococcus  albus  is  of  slight  importance,  being  usu; 
contamination. 

The  presence  of  the  streptococcus  may  be  an  indicatioi 
of  the  antistreptococcus  serum. 

Aseptic  Post-operative  Fever. — In  a  certain  numb 
after  operations  in  which  the  wound  is  closed  without  drai 
tain  amount  of  fever  is  present  for  a  few  days,  even  where 
eventually  heals  by  first  intention.  Such  cases  are  accoi 
moderate  leukocytosis,  and  the  presence  of  such  an  increas« 
ation  cannot  afford  any  presumption  that  the  wound  will  ' 
Presumably  there  are  bacteria  in  every  healing  wound,  ev 
that  heal  by  first  intention,  and  the  presence  of  these 
together  with  the  setting  free  of  nuclein  from  the  cells  d 
the  operation  and  in  the  healing  process,  is  sufficient  to  aco 
leukocytosis. 

Fractures. — The  majority  of  .simple  fractures  do  no 
blood,  but  in  a  certain  number  of  cases  they  are  followei 
cytosi.s.  In  two  of  these  cases  I  have  known  thrombosi 
Whether  this  was  a  mere  coincidence  or  whether  thrombo 
more  likely  to  occur  in  cases  where  leukocytosis  is  presei 
say. 

I^ymph-scrotum  and  Chyluria, — The  presence  in  x\ 
the  embryo  of  the  Filaria  .sanguinis  hominis,  while  often 
with  any  symptoms  or  signs,  may  be  associated  with  a  chy 
a  chylous  Iiydrocelc.  or  elephantiasis  of  one  region  or  anotl 
conditions  arc  caused  by  the  presence  of  the  adult  filaria  in 
vessels.  It  seems  to  have  a  special  fondness  for  the  lymph 
urogenital  tract.  The  wall  of  the  lymphatic  is  inflamed  and 
flow  is  obstructed. 

The  embryo  filaria  is  usually  jjrcscnt  in  large  numbers 
eral  circulation,  and  can  be  seen  in  fresh  slide-and-covcr-L 
mens.     Its   presence   is   first   noticed   by   the   disturljancc  . 
neighboring  corpuscles,  wliicli   arc   knocked   abiuit  b\-  the 
the  filaria's    tail.      It  is  apt  to  be  present   in   the    pcriphei 
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tion  only  at  night,  so  that  this  time  should  be  selected  for  the  exami- 
nation. Tlic  embryo  wonii  is  about  40//  in  k-iiyth,  and  about  5  to  lo/i 
in  diameter,  uilli  a  blunt  licad  and  a  pointed  tai],  ilic  wliole  urj^anistn 
being  enclosed  in  a  translucent  sheath  which  can  be  seen  projecting 
beyond  the  extremities  of  llie  body,  The  organism  is  easily  stained 
with  fuchsin  and  other  ordinary  stains. 

Not  all  cases  of  chyluria,  lymph-scrotum,  or  elephantiasis  arc  due 
to  this  worm,  for  the  lymphatics  may  be  blocked  by  other  causes. 
But  every  case  should  be  examined  for  the  filaha,  and  m  the  majority 
of  cases  it  will  be  found. 

Hetnophitia. — A  tendency  to  bleeding  from  any  surface  of  the 
body,  occurring  either  spontaneously  or  from  slight  trauma,  such  as  a 
scratch  or  bruise. 

Etlologfy. —  The  disease  is  at  least  twelve  times  more  frequent  in 
males  than  in  females,  and  wlicre  it  occurs  in  females  it  is  usually  of 
a  mild  l>'pe.  It  is  aiinosl  always  hereditary,  but  the  niotie  of  trans- 
mission is  remarkable  in  thai  it  is  through  the  females,  but  to  the 
males,  as  a   rule. 

Though  the  disease  may  show  itstif  from  the  time  of  biith,  it  is 
usually  not  until  the  first  few  years  of  life  arc  past  that  it  shows  itself. 
It  is  especially  apt  to  cause  trouble  during  dentition  and  at  puberty, 
but  70  per  cent,  of  the  cases  appear  before  the  fifth  year.  It  rarely  be- 
gins in  adult  life.     The  actual  cause  of  the  disease  is  unknown. 

Symptoms. — In  the  severi;st  cases  liL-niDrrtiages  occur  spontane- 
ously or  from  the  slightest  trauma.  Tliey  may  be  confined  to  the  skin 
or  to  the  mucous  surfaces,  or  may  extend  to  the  serous  surfaces. 
Occasionally  blood  is  poured  out  in  the  interior  of  various  organs. 
Spontaneous  hemorrhage  is  especially  apt  to  occur  in  the  scalp  or  the 
genital  region  (Treves).  The  ooziiig  may  cease  within  a  feiv  minutes 
spontaneously  or  under  treatment,  or  it  may  go  on  for  days  tir  eicn 
weeks.  When  the  hemorrhage  can  be  checked  it  is  well  borne,  and 
the  restitution  occurs  quickly ;  but  the  jiulling  of  teelh,  circumcision,  or 
even  a  slight  scratch  may  occasion  a  fatal  hemorrhage. 

Hemorrhage  may  take  place  into  joints,  and  be  attended  wth  pain, 
swelling,  and  fever.  No  characteristic  changes  arc  found  in  the  blood. 
The  anemia  is  hke  that  seen  after  any  other  hemorrhage. 

Proffnosis. — Some  cases  are  fital  within  twenty-four  hours.  The 
tendency  may  disappear  in  adult  life  iftlie  patient  can  be  piloted  safely 
through  childhood.  Death  may  occur  either  from  hemorrhage  or  from 
some  intercurrent  infection,  to  which  such  patients  are  naturally  very 
liable. 

Treatment — Prophylaxis  is  of  the  first  importance.  The  child 
should  be  carefully  guarded  from  scratches,  cuts,  and  bruises,  no  teeth 
should  be  extracted,  and  ever\'  possible  occasion  for  bleeding  avoided. 
Should  hemorrhage  occur,  gauze  soaked  in  pcrchlorid  of  iron  should 
be  applied,  and  firm  pressure  exerted  and  continued  as  long  as  is  ncccs- 
sar>".  The  internal  administration  of  such  drugs  as  ergot,  gallic  acid, 
and  lead  acetate  is  probablj'  useless.  The  anemia  should  be  combated 
in  the  ordinary  manner  and  the  general  health  carefully  attended  to. 


CHAPTER  V. 

WOUNDS  AND  CX)NTUSIONS;  BURNS  AND  SCALDS; 
EFFECTS  OF  UGHTNINGj  SHOCKj  FAT-EMBOLISMi 
REPAIR  OF  SPECIAL  TISSUES. 

WOUNDS. 

Definition. — A  wound  is  the  forced  separation  of  any  portion  of 
the  skin  or  mucous  membrane  in  which  the  protecting  covering  of  the 
underlying  tissues  is  destroyed  and  the  latter  exposed  to  the  influence 
of  the  air  and  other  extraneous  matters. 

Classification  and  Mechanism. — Wounds  of  the  surface  involv- 
ing exposure  of  the  subcutaneous  connective  tissue  are  divided,  ac- 
cording to  the  conditions  of  their  edges,  into  the  following: 

1.  Those  with  well-defined  and  sharp  edges.  These  are  subdivided 
into  iiuiscd  and  punctured  wounds. 

2.  Lacerated  solutions  of  continuity  of  the  surface.  These  are 
known  as  lacerated  icouuds.  They  occur  when  there  is  excessive  ten- 
sion upon  the  skin  by  the  application  of  a  dragging  force,  or  where  the 
tissues  arc  forced  against  some  underlying  hard  or  unyielding  part,  as, 
for  instance,  the  skull. 

3.  Contu.sed  breaches  of  tissue.  These  are  known  as  contused 
7vounds.  They  are  caused  by  an  object  with  a  broad  surface  coming  in 
contact  with  a  portion  of  tlie  body,  or  by  falls  upon  hard  irregular  sur- 
faces. Wounds  following  the  blow  of  a  club,  or  the  entrance  of  some 
missile  into  the  body,  as,  for  instance,  those  from  firearms  (gunshot 
wounds),  are  familiar  examples  of  contused  wounds. 

Other  classifications  include  penetrating  wonnds,  which  are  caused 
by  a  foreign  body  entering  a  cavity  of  the  body  without  emerging,  and 
perforating  u'ounds,  in  which,  having  penetrated  a  portion  of  the  body, 
it  again  emerges.  When  some  specific  poison  has  entered  the  wound 
at  the  time  of  its  infliction,  it  is  spoken  of  as  a  poisoned  wound.  When 
wounds  ha\e  been  Infected  with  those  organisms  which  excite  putrefac- 
tion and  disorganizafion  of  tissue,  they  arc  said  to  be  septic  wounds. 
In  the  absence  of  such  infection  the  wound  is  said  to  be  aseptic.  More 
or  less  (lestniction  of  tissue  characterizes  all  wounds. 

S3miptoms. — The  three  cardinal  symptoms  of  a  wound  are  (l)  sepa- 
ration and  gaping  of  its  edges;  (2)  hemorrhage;  (3)  pain. 

Separation  and  Gaping  of  the  Wound-edRes. — This  results  from 
the  presence  of  elastic  fibers  in  the  connective  tissue  and  cutis.  It  em- 
phasizes the  elasticitT,'  characteristic  of  the  uninjured  skin.  The  degree 
of  the  separation  of  the  wound-edges  depends  upon  the  number  and 
direction  of  the  elastic  fibers  and.  in  addition,  upon  the  depth  of  the 
wound  itself  and  its  direction.     If  the  latter  be  parallel  to  that  of  the 
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elastic  fibers  of  the  skin  and  connective  tissue  the  separation  will  be 
conipamtively  slight.  Upon  the  other  hand,  if  the  ehislic  fiber>i  are 
separated  in  a  transvcrst:  direction  the  separation  will  be  greater. 
Wounds  with  considerable  depth  gape  more  than  those  that  are  merely 
superficial. 

Hetnorrha£e. — ^The  hemorrhage  which  ensues  upon  the  infliction 
of  a  wound  depends  upon  the  size  and  condition  of  the  divided  blood- 
vessels, as  well  as  upon  the  depth,  length,  and  breadth  of  the  wound. 
This  symptom  varies  greatly  in  different  wounds  of  the  same  variety, 
as  well  as  in  different  kinds  of  wounds.  As  a  rule,  it  is  less  marked  in 
contused  and  lacerated  wounds  than  in  those  with  clean-cut  and  sharply 
defined  edges. 

Pain — Pain  is  the  usual  immediate  accompaniment  of  a  wound» 
and  results  from  the  coincident  injury  and  subsequent  irritation  of  sen- 
sory nerve-fibers  in  the  injured  tissues.  Its  character  is  usually  de- 
scribed as  "sharp"  or  "  burning."  It  is  felt  in  the  area  of  distribution 
of  the  nerve  or  along  the  trunk  of  the  latter.  The  pain  varies,  also, 
with  the  mechanism  of  the  production  of  the  wound.  If  the  ncrvc- 
fibcrs  are  rapidly  and  thoroughly  divided,  the  pain,  as  a  rule,  is  less. 
The  wound  may  be  inflicted  so  suddenly  and  rapidi)'  that  no  pain 
whatever  is  experienced.  Mental  excitement  at  the  time  of  the  injury 
likewise  lessens  the  pain.  The  |Kiin  may  also  var}*  with  the  variety  of 
wound  inflicted.  In  clean  incised  wounds  the  wounded  person  may 
not  be  aware  that  he  is  injured  until  his  attention  is  attracted  to  the 
wounded  part  by  the  presence  of  blood.  Contused  wounds  are  the 
most  painful  of  injuries.  Certain  conditions  of  temperament  exert 
restraining  influences  upon  sensory  nerves  and  the  cortical  centers. 
For  instance,  courageous  jiersotis  and  those  in  a  furious  rage,  on  the 
one  hand,  and  thuse  who  exercise  a  qutet  self-control,  on  the  other, 
sufler  least  from  the  p.iin  of  an  injury. 

Clinical  Course. — Wounds  in  which  the  edges  arc  sharply  de- 
fined and  but  slightly  separated  may  heal  in  a  comparatively  short 
time  without  any  essential  change  being  observed  in  their  surroundings. 
The  interspace  is  fillc^i  by  a  verj'  tiarrow  coaguUiin  which  causes 
agglutination  of  the  wound-edges.     The  upper   layer  of  the  coagulum 

f»rojecls  just  l>cyond  the  edges ;  this  becomes  tiried  and  foniis  a  thin 
incar  scab.  This  scab  exercises  a  hcnnetically  sealing  cflect  upon  the 
wound.  Very  slight  violence  may  reopen  the  wound  in  the  earlier 
stage  of  this  reparative  process.  As  organization  takes  place  in  the 
thin  cement  of  blood-clot,  the  union  of  the  woinid-edges  through  the 
medium  n(  this  iK'Comcs  mure  firm,  until  the  thin  ami  narrow  surface- 
scab  falls  off,  lca\ing  a  dark-blue  grtnivc  covered  with  ejjidermis  in  the 
process  of  formation.  This  is  called  the  cicatrix.  Other  things  being 
equal,  the  rapidity  of  this  healing  process  is  directly  proportional  to 
the  degree  of  separation  of  the  edges  of  the  original  wound.  For 
instance,  small  and  incised,  as  well  as  some  punctured  wounds  which 
have  not  been  expo-^cd  to  septic  or  other  irritating  nr  disturbing  influ- 
ences, may  heal  in  the  course  of  twcnty-fnur  lunirs.  In  general,  how* 
c\-cr.  from  five  to  seven  days  are  re<piiretl  before  ihe  completion  of  the 
healing  process,  as  announced  by  the  falling  off  of  the  scab,  occurs. 
Siimlarly,  in  the  skin  very  considerable  losses  of  substance,  particu- 
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larly  if  these  extend  only  to  the  rete  Malpighii,  may  undergo  com- 
plete repair  in  a  very  short  time.  Here  the  hemorrhage  being  very 
slight,  rapid  drying  of  the  effused  blood  takes  place,  and  under  the 
protection  of  the  crust  thus  formed  complete  cicatrization  soon  follows. 
Very  different,  however,  is  the  process  in  a  widely  gaping  wound  if 
nature  is  left  unaided  or  di.sturbing  influences  enter.  Rapid  drying  is 
prevented  by  the  extent  of  the  injury  and  the  size  of  the  coagulum, 
as  well  as  by  the  presence  of  a  large  quantity  of  lymph  which  oozes 
from  the  spaces  which  have  been  opened.  Here  the  conditions  favor- 
able for  the  implantation  and  reproduction  of  septic  organisms  are 
present.  These  include,  first,  the  presence  of  organic  tissues  deprived 
of  their  protecting  cuticle  and  with  their  vital  resistance  otherwise 
lessened  by  the  infliction  of  an  injury ;  second,  a  favorable  temperature 
(blood-heat) ;  and  third,  moisture.  With  the  rapid  drying  of  the  sur- 
face of  the  coagulum  in  trivial  incised  wounds  the  septic  organisms 
are  deprived  of  that  moisture  which  is  essential  to  their  proliferation. 
In  the  case  of  large  gaping  wounds,  however,  this  desiccation  cannot 
take  place  readily,  invading  micro-organisms  rapidly  multiply  under 
the  favorable  conditions  present,  and  as  a  result  putrefaction  and  disor- 
ganization of  tissue  take  the  place  of  repair.  In  the  course  of  twenty- 
four  hours  the  wound-surfaces  become  covered  with  a  semi-liquid  and 
foul-snieliing  layer  of  broken-down  tissue  swarming  with  the  bacteria 
of  putrefaction.  Following  this,  striking  and  peculiar  changes  take 
place  in  the  neighborhood  of  the  wound,  due  to  the  spread  of  infection 
from  the  original  .site  of  proliferation  of  the  bacteria.  These  changes 
are  characterized  by  a  more  or  less  broad  zone  of  redness  which 
makes  its  apjK-arancc  about  the  wound-edges  together  with  increased 
lieat  in  the  part  and,  finally,  by  increased  density,  or  induration  of  the 
surrounding  tissues.  At  the  same  time  the  patient  complains  of  pain 
and  a  feeling  of  tension  in  the  parts  involved  in  these  nutritive  disturb- 
ances. With  progressive  putrefaction  of  the  coagulum  these  symptoms 
increase.  Where  the  surrounding  parts  have  been  involved  in  the 
original  injury,  as  in  contused  wounds,  a  foul-smelling  semi-fluid  mass 
issues  from  bencatli  the  wound-edges,  mingled  with  the  debris  of 
broken-down  tissue.  If  improvement  takes  place  a  yellowish-white 
secretion,  not  unlike  cream,  makes  its  appearance  upon  the  edges  of 
the  wound  and  in  its  depths.  This  is  the  "  laudable  pus  "  of  the  older 
surgeons,  and  makes  its  appearance  about  the  fifth  day.  Under  favor- 
able conditions  and  with  the  measurable  return  of  the  quality  of  vital 
resistance  to  the  involved  tissues  the  ichorous  dischaige  ceases,  and 
the  wound  enters  u[x>n  the  stage  of  suppuration. 

In  the  stage  of  suppuration  the  classical  symptoms  of  an  inflam- 
matory process — namely,  redness,  heat,  pain,  and  sweUing — diminish. 
The  time  covered  by  this  stage  of  the  process  of  healing  will  vary 
with  the  depth  of  the  wound,  the  extent  of  laceration  of  its  edges  and 
contusion  of  the  neighboring  tissues.  In  an  average  case  of  lacerated 
wound,  from  about  the  seventh  day  a  mass  of  material  of  a  pinkish  hue 
forms  beneath  the  layer  of  pus  and  is  observed  to  rise  from  the  depths 
of  the  wound.  This  mass,  which  is  made  up  of  small  papills,  con- 
tinues to  rise  until  it  fills  in  the  entire  wound-cavity.  Its  surface 
presents  a  granular  appearance,  the  papillre  are  called  gramilations. 
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and  the  wound  is  said  to  have  entered  upon  the  stage  of  granulation 
(l*'g-  30)- 

rhe  surrounding  parts  at  this  tinfie-  begin  to  assume  their  nor- 
mal condition.  \\'ith  the  dis-  . 
appearance  of  redness  and 
heat,  tenderness  together  with 
some  slight  degree  of  indura- 
tion alone  remains.  The  per- 
sistence of  these  latter  indi- 
cates that  the  reparative  proc- 
ess is  still  going  on  in  the 
depths  of  the  wound.  In  the 
beginning  of  the  granulating 
stage  of  the  healing  process 
the  granulations  become  more 
or  less  easily  injured  and  bleed 
upon  the  slightest  touch.  As 
the  body  of  the  wound  be- 
comes filled  with  granulation- 
tissue  the  latter  becomes,  to 
some  extent,  solidified,  loses 
its  bright-pink  color,  and  be- 
comes pale.  Coincidcnllj' with 
these  changes  a  shrinking  pni- 
cessgoes  on,  with  correspond- 
ing diminution  of  the  cavity  of 
the  woimd. 

Kinallj*.  when  the  granu- 
lating surface  reaches  the  level 
of  the  surroumlingskin.a  nar- 
row strip  of  new  epiilennis  be- 
gins to  growaround  the  wuuml- 
edgcs.  ThLs  slowly  increases 
from  without  inward.  One 
concentrically  growing  zone 
after  another  is  added  to  the 
new  tis-suc  until,  these  meeting  in  the  middle,  the  granulating  surface  is 
completely  covered,  ^ntl  cicatrisation  is  acconiplishetl 

The  processes  described  arc  what  arc  known  as  healing  by  primary 
(Fig.  29)  and  sicondary  intention.  Healing  by  first  intention  seems 
almost  a  physiological  process ;  it  is  the  simplest  and  most  direct 
method  of  re|>airing  lost  tissue,  and  is  quite  similar  to.  if  not  identical 
with,  normal  epithelial  nu't,imorj)hosis.  In  the  second  method  of 
rei».u'r.  or  healing  by  second  intention,  tissue-reproduction  attended 
with  suppuration  is  marked  by  the  presence  of  inflammatory  conditions 
with  their  essential  and  characteristic  symptoms,  known  since  the  days 
of  Galen  as  redness  (rubor),  local  heat  (ealar).  stvelliiti^  (trtmor),  and  /V7/« 
(do/or). 

Histological  Condiderations.— It  was  formerly  supposed  that 
the  cii.iguliiin  formed  in  the  inti-rspace  served  the  purp()se  of  accom- 
plishing immediate  union  of  the  wound,  when  this  took  place.     It  is 


Vui.  39. — Abdoinin.il  w  imnd  :  liciiling  b)  Tint  intca- 
ttuii.  tenth  day. 
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now  known,  however,  that  direct  adhesion  of  the  histological  elements ' 
of  tlic  |>arts  and,  hence,  immctliate  union  do  not  occur  without  further 
effort.     A  fine  network  matle  uj)  by  trabccuht  is  formed  In  the  exuded 
fibrin,  from  wluch  processes  pass  into  the  open  blood-vessels  and  into 
the  clefts  or  spaces  in  the  tissues. 

Hlood-corpusclcs  and  small  portions  of  necrotic  tissue  and  coagu- 
lated fibrin  arc  formed  In  the  cavity  of  thiC  wound  itself  Some  of  the 
blood-corpuscles  have  assumed  a  star-shaped  appearance,  while  other?; 
are  simply  swollen  and  pale  in  color.     Coagulation  in  the  neighboring 


Fic.  30, — Untniilating  wound  on  itie  surface  of  a  nodule. 
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capillaries  follows  the  passage  of  the  trabecule  into  the  mouths  of  the 
open  bloud-vessels.  The  last  traces  of  the  red  blood-corpuscles  hax-e 
almost  entirely  disappeared  ai  llie  end  of  forly-cighl  hours,  their  former 
site  bring  niarked  by  s|wccs  in  the  jietwnrk.  Those  which  remain 
beconii;  either  translucent  or  finely  granular. 

With  the  disajipea ranee  of  the  red  blood-corpuscles  the  sn-callcd 
cells  of  new  formation  make  their  appearance.  The.sc  are  small  round 
cells  with  a  clear  nucleus,  and  resemble  the  young  cells  of  connective 
tissue  as  well  as  the  colorless  blood-corjjuscles.  These  fill  up  the  gap 
and  arc  crowded  into  the  surrounding  injured  structures  and  neighbor- 
ing [H-'rivaseular  spaces.  Alnnit  llie  fourth  day  blood-vessels  |xiss  in 
sntall  l()0]»s  from  the  edges  (if  the  wound  and  meet  and  unite  in  the 
middle  of  the  inter\'ening  coagulum  (Julian  Arnold).  These  vessels 
spring  from  the  capillaries  by  a  process  of  "  budding."  a  slight  granu- 
lar thickening  (protoplasmic  proliferation)  marking  the  site  upon  the 
wall  of  a  capilhirj-  where  a  new  vessel  is  about  to  bud.  This  granular 
thickening  or  projection  develops  into  a  fine  cord  with  a  thread-like 
termination.  The  base  of  this  protoplasmic  cord  becomes  hollowed 
out  upon  the  sitlr  toward  the  vessel  from  which  it  springs,  and  blood 
enters  the  cone-shaped  ba.se  from  the  parent  vcs.sel.  Arch-shaped 
connection  between  two  capillaries  is  established  by  union  of  these 
protoplasmic  cords,  and  the  protoplasmic  arch  is  thus  formed.  Finally, 
complete  communication  is  established  by  a  process  of  canalization 
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which  takes  place  in  the  intermediate  portion  tjf  the  arch.  The  proto- 
plasmic arches  become  lined  with  endothelium. 

liy  a  process  of  cleavage  new  cellular  elements  develop,  new  cap- 
illary vessels  are  formed,  and  this  primary  cellular  layer  is  enlarged 
from  within  by  the  ailjaceiit  round  cells  of  new- format  ion,  which 
fonii  the  ailventitia  of  the  new  vessels.  These  fonnative  round  cclli^ 
of  Marchand  fill  the  wound  and  soon  begin  to  undergo  lransfomiati(jn. 
A  framework  springs  up  in  the  spaces  between  the  cells,  which,  in  all 
probability,  originates  in  the  cells  themselves.  This  framework  is  partly 
striped  and  partly  granular  at  first,  but  later  in  tlie  development  the 
striiK'd  apjK.'arance  becomes  more  clearly  defiried.  and  there  e\'entually 
develop  in  the  iiilercellular  substance  fine  fibers  at  the  site  of  the  for- 
mer strialions.  Hetween  these  fine  fibers  are  fnund  sijinille-cells.  which 
by  some  are  supposed  to  be  the  remains  of  the  formerly  existing  mass 
of  round  cells.  The  new  tissue  now  closely  resembles  young  connec- 
tive tissue  ;  it  is  richer  in  blood-vessels,  however.  The  spindle-cells, 
as  well  as  the  round  or  formative  cells,  disappear  by  processes  of  granular 
degeneration  and  absorption,  or  they  are  either  taken  up  by  the  circu- 
lation when  only  j>artly  developed  or  destroyed  by  cell-action. 

Finally,  the  process  of  repair  is  completed  by  the  sheltering  cover 
of  the  epidermis.  Pending  the  formation  of  the  latter,  a  crust  of  broken- 
down  blood-corpu.scles  and  epithelial  scales,  held  together  by  dried 
exudation,  fonns.  Beneath  this  temporary  protection  new  epithelium, 
furnished  by  the  rele  Malpighii  tvf  Ihe  adjoining  skin,  (levelops.  Nuclear 
segmentation  of  the  cells  of  the  latter  takes  place,  and  these  new  cells 
arrange  ihcmselvos  from  the  peripherj'  over  the  surface  of  the  new- 
formation  until  they  meet  in  the  center,  and  the  surface  of  the  wound 
is  finally  covered  in. 

The  histological  processes  followed  in  the  healing  of  a  wound  by 
second  intention,  or  healing  by  suppuration,  are  essentially  the  same. 
When  the  round  cells  appear  and  arc  brouj^hl  in  contact  with  the  pu- 
trid blooti,  they  rapidly  (wrish  and  are  cast  off  with  the  secretions  of 
the  wound.  The  hitler  consist,  at  this  time  (during  the  first  three  days), 
of  portions  of  fibrin,  red  blood-corpu.'^cles  in  different  stages  of  decom- 
position, granular  detritu.'?.  bacteria,  and  dead  connective-tissue  cells. 
These  cells  arc  undergoing  changes  in  qualit\'  and  form,  and  constitute 
with  the  leukocytes  which  migrate  to  the  parts  the  princijial  components 
of  pus.  While  numerous  connective-tissue  cells  arc  being  thrown  off 
from  the  surface  of  the  wound,  new  ones  arc  being  supplied  to  take 
their  place,  until  the  lowest  layer,  becoming  gradually  supplied  with 
blood-vessels,  remains  to  form  the  young  connective  tissue,  which  latter, 
with  its  numerous  loops  of  vessels,  each  surroimded  by  a  growth  of 
the  same  connective-tissue  cells,  appears  as  a  collection  of  bright  and 
irregular  nodules,  the  granulations.  With  lessened  discharge  of  pus 
the  granulation-tissue  gradually  fills  \\\%  the  cavity,  ami  the  size  of  the 
latter  is  diminished  by  a  general  shrinkage  of  the  whole  wall.  Finally, 
as  the  surface  of  the  wound  becomes  level  with  the  surrounding  sur- 
face, cicatrization  is  completed  by  the  renewal  of  the  protective  epider- 
mis. While,  as  a  rule,  the  new  epidermis  forms  a  narrow  rone  about 
the  edges  of  the  wound,  it  nccasioi\ally  happens,  in  addition,  that  little 
islets  spring  up  away  from  the  nuirgiii,  themselves  to  become  the  ccn- 
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ters  of  successive  zones  of  new  epidermis.  In<isniuch  as  these  c:annot 
spring  from  the  rate  Malpighii,  the  explanation  of  their  occurrence  is 
that  they  either  originate  from  the  cells  surrounding  the  sweat-glands 
and  hair-follicles  which  may  have  escaped  injury,  or  are  the  offspring 
of  epithelial  cellular  elements  that  have  been  accidentally  engrafted 
upon  the  granulating  surfaces  during  changes  of  dressings,  or  in  some 
other  way.  In  any  event,  it  is  not  probable  that  these  epithelial  cells 
are  formed  from  the  round  cells  of  the  granulating  tissue. 

The  question  of  the  origin  of  the  connective -tissue  cells  during  the  healing  process  baa 
received  a  great  deal  of  attention.  It  was  formerly  supposed  that  the  spindle-shaped  cor- 
puscles, the  only  cells  then  known  to  exist  as  connective- tissue  cells,  were  the  progeoiton 
of  the  round  cells.  The  origin  of  this  belief  was  probably  the  observation  previously  nude 
thai  in  fetal  connective  tissue,  spindle-cclls  developed  from  the  round  cells  are  found  lying 
in  numbers  in  the  matrix  (Virchow).  Recklinghausen  in  1S63,  in  the  course  of  experiments 
on  the  cornea  of  rabbits  and  frogs,  found  in  addition  to  the  so-called  fixed  corneal  corpu<^les 
small  round  cells  which  possessed  the  peculiar  property  of  changing  their  form  and  position 
in  a  manner  entirely  independent  of  each  other.  They  bore  a  striking  resemblance  to  the 
pus-cells  as  well  as  the  white  blood -corpuscles.  This  aroused  inquiry  which  finally  resulted 
in  Cohnheim's  successful  demonstration  of  the  direct  origin  of  the  migratory  cells  from  the 
blood  and  the  identificatiun  of  these  with  the  white  blood -corpuscles  (1867),  although  as 
long  ago  as  1824  Dubachel  in  France,  and  again  in  1846  Waller  in  England,  discovered  the 
emigration  of  the  while  blood -coqiuscles  through  the  walls  of  the  vessels  in  the  mesenteiy 
of  the  frog  without,  however,  realizing  the  importance  of  (he  subject.  Whether  all  the  pus 
present  in  a  case  of  prolonged  suppuration  can  be  accounted  for  by  Cohnheim's  theory  is  an 
interesting  question.  It  is  difficult  to  understand  how  the  blood  could  furnish  such  enonnous 
quantities  of  colorless  blood-corpuscles.  According  to  the  Cohnheim  diapedesis  theory,  not 
only  must  the  blood  furnish  the  enonnous  amount  of  pus  through  its  white  blood-corpuscles, 
but  in  addition  the  round  cells,  the  newly  formed  blood-vessels,  their  walls  (first  homoge- 
neous and  then  nucleated),  the  young  connective  tissue,  and  finally  the  granulation -structure, 
must  be  accounted  for.  In  opposition  to  ihi.s  the  adversaries  of  the  exclusive  diapedeas 
theory,  notably  Recklinghau!<en  and  Strieker,  reported  a  series  of  observations  vhereio  it 
was  sought  to  show  that  connective -tissue  corpuscles,  as  well  as  endothelial  cells,  undei^  a 
contractile  change  of  shape  and  division.  This  was  combated  by  Cohnheim  and  his  follow- 
ers by  means  of  the  classical  experiments  with  cinnabar.  In  order  to  distinguish  the  white 
blood -corpuscles  from  other  cell-elements  for  which  they  might  be  mistaken,  the  blood  of 
frc^s  was  injected  with  cinnabar,  the  finely  divided  particles  of  which  were  absorbed  by 
the  while  blood -corpuscles.  The  frogs  were  then  subjected  to  an  injury,  at  the  site  of 
which  the  white  blood  corpuscles  could  be  seen  escaping;,  enclosing  the  particles  of  cinnabar. 
This  wa.<t  met  by  Kcckhnghausen  by  calling  attention  to  the  well-known  fact  that  the  parti- 
cles of  cinnabar  may  escape  directly  into  the  tissues  from  the  blood-vessels  of  frogs  so 
injected,  and  there  stain  cells  formed  outside  the  vessels.  At  the  present  lime,  however, 
the  theory  of  extravascular  formation  of  cells,  although  it  constitutes  the  most  rational  ex- 
planation of  the  reparative  and  regenerative  processes  which  take  place  after  destruction  of 
parts,  has  not  been  establishetl  by  direct  observation.  On  the  other  hand,  it  may  be  said 
that,  while  (he  theory  of  migration  of  the  colorless  blood -corpuscles  appears  to  be  estab- 
lished, the  pruuf  that  these  take  an  active  part  in  the  restoration  of  lost  parts  is  wanting. 
The  controversy  as  to  the  formation  of  the  cicatrix  through  the  medium  of  the  round  cells, 
whatever  the  origin  of  the  latter,  cannot  in  all  probability  be  settled  until  means  of  distin- 
guishing between  young  connective  cells  and  colorless  blood- corpuscles  have  been  dis- 
covered. 

The  distinction  between  healing  with  and  without  inflammation,  as 
heretofore  made,  must  be  abandoned.  Furthermore,  Galen's  definition 
of  the  conditions  present  must  be  broadened.  Experimental  research 
on  animals  and  observations  in  man  have  thus  far  determined  that  the 
local  disturbances  following  an  injury  to  the  tissues  are  essentially 
those  of  the  inflammatory  process,  including  as  they  do,  (i)  dilatation 
of  blood-vessels;  (2)  increase  in  the  permeability  of  their  walls;  (3) 
augmented  supply  of  nutriment  to  the  tissues ;  (4)  migration  of  white 
blood-corijuscles  through  the  vascular  walls  into  the  surrounding  con- 
nective-tissue spaces.     In   an   advanced  stage   of  the  process   there 


9S 


I 
I 
I 

I 


probably  occurs  (5)  proliferation  of  pre-exisUng  cells;  and  under  cer- 
tain circumsiances  there  occur  (6)  processes  of  degeneration  and  de- 
composition, resulting  in  more  or  less  loss  of  tissue. 

The  Treatment  of  Wounds  and  Contusions. — In  the  formal 
consideration  of  the  subject  oi  the  treatment  of  woimds  and  contusions, 
following  the  division  of  tlie  subject  already  laid  down,  it  will  be  con- 
venient to  deal,  first,  wllli  injuries  which  involve  a  breach  of  continuity 
of  the  surface,  wlicther  of  skin  oc  mucous  membrane,  and  to  which  the 
general  term  "wound"  is  applied,  and  secondly,  with  subcutaneous 
injuries. 

The  underlying  principle  to  be  observed  in  the  treatment  of  all 
cases  of  injury  may  be  summed  in  the  word  "rest."  If  the  patient 
escapes  immediate  death  there  is  reason  to  hope  that  the  natural  proc- 
esses of  tissue-building  enibraced  in  the  term  "repair"  will  Ijc  suf- 
ficient, provitling  these  are  pcrmitte<l  to  go  011  in  an  uninturrupled 
manner,  to  restore  the  patient  to  eom[»arative  or  even  perfect  health. 
In  addition  to  this,  arrest  of  hemorrhage  in  wounds,  and  in  some 
instances  of  subcutaneous  and  internal  injuries  as  well,  will  be 
demanded. 

The  methods  of  securing  the  mo.st  perfect  rest  of  the  injured  parts 
will  var>*  with  the  character  i>f  the  injury,  the  special  qualities  of  the 
tissues  involved,  the  location  and  conformation  of  the  injured  {larts, 
natural  tendencies  to  di.splacement  of  separated  structures,  etc.  'ihese 
matters  will  be  more  fully  discussed  in  the  chapters  devoted  to  the 
surgcr\'  of  separate  regions.  In  the  present  connection  the  subject  of 
the  general  principles  invi)lvcd  in  the  treatment  of  injuries  to  individual 
structures  will  alone  be  considered. 

Arrest  ol  Hemorrhage, — Complete  heniostasis  is  to  be  obtained 
in  every  wound.  To  this  rule  there  is  but  one  exception — namely,  a 
wound  in  which  the  defect  caused  by  loss  of  tissue  is  to  be  filled  by 
an  attempt  at  so-called  organization  of  a  b]c)od-clot.  In  small  wounds 
and  in  those  in  which  only  the  smallest  vessels  arc  divided,  as  well  as 
in  wounds  involving  cartilaginous  and  fibrous  structures,  hemostasis 
may  be  s/nw/amous.  In  slightly  larger  wounds  bleeding  may  be 
arrested  by  mere  exposure  to  the  air.  The  niajority  of  wounds 
coming  under  the  care  of  the  surgeon  require  artificial  niethmls  of 
hemostasis.  All  of  these,  as  well  .i-s  the  natural  means  employed, 
act.  when  efficient,  by  producing  a  mechanical  ob.'^truction  to  the  flow 
of  blood  from  the  divided  vessel,  this  obstruction  lasting  for  a  sufficient 
time  to  ensure  permanent  sealing  of  the  divided  vessel-end. 

First  among  methods  of  arresting  hemorrhage  is  ftrssttrt:  This 
may  be  M^tal,  the  finger  being  placed  upon  the  bleeding  point,  either 
distad  or  proximad  to  the  same.  This,  as  a  rule,  is  a  temjKirary  expe- 
dient only,  and  when  placed  upon  the  cut  end  of  the  bleeding  vessel 
the  finger  in  the  wound  is  in  the  way  of  the  manipulation  necessary  in 
subsequent  treatment.  It  is  objectionable  also  in  other  respects — i.  r.. 
it  increases  the  risks  of  suppuration  by  favoring  the  introduction  of 
septic  material  into  the  depths  of  the  wound,  as  well  as  by  producing 
increased  traumatism  of  the  parts  involved  in  the  injury,  and  thus 
emphasizing  the  locus  minoris  resistenfue.  Hence  tligital  compression 
15  to  be  classed  as  a  tcmporar>'  expedient,  to  be  ased  only  in  cases  in 
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which  an  unnecessarily  large  amount  of  blood  will  be  lost  before  other 
and  better  methods  can  be  applied.  As  an  example  of  such  cases 
may  be  mentioned  extensive  wounds  of  the  forearm  involving  the 
radial  and  ulnar  arteries,  when  pressure  of  the  brachial  will  arrest  the 
hemorrhage ;  or  again  in  operations  upon  the  kidney  in  which  the 
renal  artery  and  vein  have  been  wounded  with  the  organ  still  in  situ, 
and  in  which  it  would  be  unwise  to  attempt  to  employ  a  forceps  at 
once,  when  a  thumb  and  finger  introduced  into  the  depths  of  the 
wound  will  so  much  more  readily  and  quickly  grasp  the  pedicle  and 
arrest  the  hemorrhage,  and  will  serve  also  as  a  guide  for  the  applica- 
tion of  the  forceps. 

Compression  by  means  of  sponges  or  compresses  is  far  superior  to 
the  digital  method,  as  the  pressure  may  be  exerted  over  large  or  small 
areas  at  will  and,  besides,  is  more  even,  thus  interfering  less  with  the 
local  nutrition  of  the  part  than  digital  pressure.  This  means  of  hemo- 
stasis  is  particularly  applicable  to  wounds  involving  large  areas  of 
wounded  arterioles  and  venules.  Heat  is  advantageously  used  in 
connection  with  gauze  compresses.  This  may  be  dry  heat,  applied 
through  the  medium  of  towels  direct  from  the  sterilizer  and  laid  upon 
the  wound-surface  either  with  or  without  compression,  and  of  a  tem- 
perature almost  unbearable  to  the  operator's  hand.  The  hot  gauze  or 
towel  should  be  covered  with  other  towels,  so  that  the  effect  may  be 
continued  as  long  as  possible  witliout  the  necessity  of  renewal.  Just 
previous  to  the  application  the  wound-surfaces  should  be  carefully 
dried.  This  application  of  heat  likewise  serves  to  counteract  whatever 
shock  is  present.  One  towel  or  a  succession  of  towels  may  be  used. 
Moist  heat  may  be  applied  by  means  of  towels  wrung  out  of  very 
hot  plain  water  or  a  0.6  per  cent,  salt-solution  in  the  case  of  non- 
infected  wounds,  or  some  antiseptic  solution  in  the  case  of  wounds 
suspected  of  sepsis.  Cold,  on  tlie  other  hand,  while  a  useful  hemo- 
static agent  under  some  circumstances,  is  not  to  be  used  directly  on 
a  wound-surface,  for  the  reason  that  it  devitalizes  the  tissues  to  too 
great  an  extent. 

Of  chemical  means  for  the  arrest  of  hemorrhage  in  the  treatment 
of  wounds,  the  less  said  the  better.  They  have  no  place  in  the  arma- 
mentarium of  the  well-equipped  surgeon.  They  do  more  harm  than 
good,  and,  whether  the  wound  be  non-infected  or  septic,  chemical 
agents  in  wound-treatment  for  the  arrest  of  hemorrhage  are  abso- 
lutely and  unreservedly  contraindicated.  Even  should  they  accom- 
plish their  object,  they  do  this  by  an  unnecessary  destruction  of  tissue, 
thus  increasing  the  wound-area;  they  lead  to  increased  exudation,  pre- 
dispose to  secondary  hemorrhage,  inflict  unnecessary  traumatism  upon 
adjacent  structures,  still  further  lowering  the  vital  resistance  and  ren- 
dering impossible  primary  imion  or  any  approach  to  it,  and  in  every 
way  delay  rapid  healing.  They  arc  inefficient  in  the  face  of  actix'c 
hemorrhage,  and  in  wounds  the  bleeding  from  which  is  of  a  minor 
character,  other  and  better  means  arc  always  within   reach. 

I«^st  but  best  of  the  many  means  at  our  disposal  in  the  arrest  of 
hemorrhage  from  wound-surfaces  is  the  application  of  the  hemostatic 
forceps.  It  accomplishes  the  end  either  by  pressure  alone  or  by  press- 
ure combined  with  torsion.    Should  this  means  prove  unsuccessful,  the 
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application  of  the  ligature  is  at  once  efficient  and  trustworthy.  The 
degree  of  traumatism  inflicted  is  .slight  if  the  proper  instrument  and 
approved  method  of  application  arc  employed  ;  the  result  is  immediate 
and  satisfactory. 

Cleansine  and  Disinfection — Preliminary  cleansing  of  the  wound 
and  its  surroundings  conslitutfs  the  difTerence  between  operative  and 
accidental  wound-treatmcnl.  It  is  the  lack  of  this  that  renders  the 
latter  djfllicult  of  manaKcment.  The  treatment  of  all  non-operative 
wounds  is  essentially  the  same,  the  object  being  to  cleanse  thor- 
oughly, first  the  surroundings,  and  second  the  wound  itself,  so  thai  the 
latter  will  conform  as  nearly  as  possible  to  a  properly  treated  opera- 
tion-wound. While  aseptic  wound-treatment  is  mainly  applicable  to 
wounds  made  by  the  surgeon,  the  l.itter  will  occasionally  be  suni- 
raoncd  sufficiently  early  to  an  accidentally  inflicted  wound  or  to  those 
made  under  circumstances  which  impel  him  to  consider  the  wound  not 
materially  infected,  in  which  ca.se  the  aseptic  treatment  may  be  insti- 
tuted. In  any  event  methods  must  be  employed  which  will,  as  far  as 
possible,  sterilize  the  site  of  the  wound,  its  immediate  neighbnrhdod, 
and  all  articles  that  are  likely  to  come  in  contact  with  it,  including  the 
hands  and  persons  of  the  surgeon  and  his  assistants.  A  large  propor- 
tion of  the  pathogenic  bacteria  which  finally  find  their  way  into  wounds 
have  their  habitat  upon  the  cutaneous  surface  of  the  body  or  in  those 
articles  of  wearing  apparel  worn  next  to  the  skin.  Others  less  virulent, 
but  capable  of  becoming  actively  patliogenic  under  conditions  of  les- 
.sened  local  vital  resistance,  such  as  the  Sfn/'Jiyh'coccus  cpidcrmUts  alhtis 
(Welch),  are  also  present,  as  well  as  others  that  are  positively  harniless. 
Only  criminal  carelessness  will  permit  a  .sui^eon  to  make  an  incision 
into  integument  which  has  not  been  deprived,  as  far  as  possible,  of 
these  lurking  sources  of  danger.  No  disinfection  or  sterilization  of 
instruments,  care  in  operative  technic,  nor  application  of  antiseptic 
dressings  am  in  any  degree  cumpensate  for  failure  in  this  respect 
(For  aseptic  operative  technic  see  Chapter  XI.) 

The  use  of  pure  carbolic  add  in  the  tlisinfcction  of  wounds  has 
recently  been  revived  by  Powel  and  I'helps.  upon  the  basis  of  the 
antidotal  action  of  alcohol  to  carbolic  acid.  The  edges  of  the  wound 
are  to  be  protected  by  moistening  with  alcohol.  The  cavity  of  the 
wound  is  then  filled  with  pure  cartjolic  acid,  and  irregularities  of 
the  former  reached  by  means  of  a  cotton  swab.  Tlie  carbolic  acid  is 
permitted  to  remain  in  contact  with  the  tissue.<i  for  the  space  of  one 
minute,  after  which  it  is  withdrawn  by  means  of  a  pipette,  and  the  fur- 
ther action  of  that  which  still  remains  In  contact  with  the  tissues  is 
neutialized  by  the  free  application  of  95  per  cent,  alcohol.  The  writer 
has  employed  this  method  in  infected  wounds,  as  well  as  in  infected 
ca\'ities  following  the  removal  of  foci  of  osteomyelitis,  with  marked 
success. 

In  accidentally  inflicted  wounds  the  indications  for  preventing  further 
infection  are  as  imperative  in  their  demands  as  arc  those  precautions 
taken  prior  to  the  infliction  of  an  operative  wound.  The  clothing  must 
be  removed  and  the  surface  of  the  body  in  the  neighborhood  subjecteil 
to  a  vigorous  scrubbing  with  warm  water  and  a  strongly  alkaline  soap, 
a  clean  bristle  hand-brush  being  employed  for  the  purpose.  The  parts 
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are  then  to  be  shaved,  again  scrubbed,  washed  with  ether  and  alcohol, 
rinsed  with  a  i :  1000  sublimate  solution,  and  covered  with  a  gauze 
compress  wetted  with  the  latter,  pending  further  care  of  the  wound, 
such  as  the  introduction  of  sutures,  etc.  Further  precautions  against 
reinfection  consist  in  covering  the  surrounding  parts  with  sterilized 
towels. 

In  the  case  of  wounds  of  cavities  lined  with  mucous  membrane, 
special  cleansing  methods  are  to  be  followed.  The  mouth  and  the 
pharyngeal  cavities  are  cleansed  with  a  i  per  cent,  solution  of  potassium 
chlorate  or  a  wine-colorcd  solution  of  potassium  permanganate.  The 
teeth  are  to  be  vigorously  brushed  with  a  stiff  tooth-brush.  Carious 
teeth  should  be  removed.  The  vagina  should  be  cleansed  with  soap 
and  warm  water,  a  bunch  of  gauze  or  absorbent  cotton  grasped  in  a 
sponge-holder  or  forceps  being  used  to  assist  in  the  cleansing.  In 
wounds  involving  the  rectum  the  latter  is  to  be  emptied  and  irrigated, 
and  its  upper  part  packed  off  with  bunches  of  gauze  coated  with  vas- 
clin  while  the  sutures  are  being  applied.  Threads  are  attached  to  the 
gauze  to  facilitate  its  removal.  The  bowels  are  confined  for  two  or 
three  days,  and  when  finally  moved  the  stools  are  rendered  fluid  by 
proper  laxative  medication  and  enemata  to  prevent  separation  of  the 
suture- 1  inc. 

In  the  treatment  of  accidental  wounds  the  cleansing  of  the  wound 
itself  consists  in  the  removal  of  all  foreign  material,  the  presence  of 
which  must  necessarily  interfere  with  repair.  lilood-clots  are  removed, 
as  well  as  all  macroscopic  dirt.  Cases  coming  under  the  care  of  the 
surgeon  after  necrotic  changes  have  occurred  demand  the  removal  of 
all  dead  or  dying  tissues,  as  far  as  possible.  The  removal  of  the  latter, 
unless  demanded  at  once  by  grave  general  sepsis,  may  be  left  to  na- 
ture's efforts,  but  may  be  greatly  facilitated  by  the  employment  of  an 
agent  that  shall  combine  antiseptic  and  stimulating  properties,  such  as 
naphthalin,  the  rapidly  forming  granulations  tending  to  throw  off  the 
devitalized  parts.  Other  foreign  material,  such  as  bits  of  glass,  steel, 
buttons,  i^ortions  of  clothing,  small  fragments  of  bone,  etc.,  must  be 
removed  by  means  of  pieces  of  gauze,  thumb-forceps,  and  irrigation. 
Instruments  especially  designed  for  the  purpose,  such,  for  instance,  as 
bullet-forceps,  are  employed  in  suitable  cases,  and,  in  addition,  the  use 
of  the  knife,  scissors,  and  curet  becomes  necessary  under  certain  cir- 
cumstances. As  a  cutting  instrument  for  enlarging  wounds  in  order  to 
gain  butter  access  to  foreign  bodies,  the  knife  is  to  be  preferred  to  the 
scissors,  for  the  rca.son  that  the  latter  divides  the  structures  with  a 
crushing  effect,  and  hence  inflicts  an  additional  degree  of  traumatism. 
The  curet  is  mainly  useful  in  the  removal  of  septic  granulation -tissue 
in  the  course  of  the  after-treatment.  Cuuptni'dcr  grains  may  be  re- 
moved in  great  part  by  a  vigorous  scrubbing  with  a  stiff  brush  under 
an  anesthetic  and  subscciuent  removal  of  the  remaining  grains  by  a 
fine-pointed  knife  and  delicate  forceps,  ICven  if  each  grain  is  not  re- 
moved in  this  way  in  its  entirety,  it  is  broken  up  into  fine  particles  which 
finally  disappear  in  the  majority  of  cases,  leaving  but  Uttle  staining  of 
the  tissues. 

Contused  Wound*. — It  is  always  to  be  borne  in  mind  that  rapid 
union  and  good  functional  result  arc  to  be  desired  in  all  wounds  how- 
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ever  contused  or  lacerated,  and  to  this  end  every  other  consideration 
is  to  be  subservient.  In  fdnner  limes  it  was  considered  useless  to  at- 
tempt to  obtain  primary  iinitin  in  cases  where  the  wounil-edges  were 
contused.  The  existence  of  this  condition,  Indeed,  wa.s  considered  a 
contraindication  to  the  closure  of  the  wountl.  violent  plilegnionous 
inflammatory  action  frequently  ensuing.  The  reasons  for  the  occurrence 
of  the  latter  are  now  well  known.  What  with  the  introduction  of 
irritating  micro-organisms  at  the  time  of  the  reception  of  the  injurj'. 
the  lessening  of  the  vital  resistance  nf  the  involved  lissiies  by  the  latter, 
and.  in  addition,  the  ixissibilities  of  further  infection  tlirnugh  the  me- 
dium nf  the  sulurr-niaterial  or  other  nicms  employed  to  close  the 
wound,  in  the  lipht  of  onr  present  knowledge  the  only  wonder  is  that 
the  patients  escaped  with  their  lives,  not  that  their  wounds  should 
have  healed.  Immediate  union  of  wounds  with  contused  edges  is  now 
attempted  under  circumstanccii  where  the  requirements  of  a  rigid 
asepsis  and  antisepsis  ate  met.  Cases  will  arise,  however,  in  which  the 
tissues  are  crushed  beyond  hope  of  recovery.  Here  either  the  attemi>t 
to  obtain  primary  union  must  be  abandoned,  or  the  crushed  portions 
must  first  be  removed. 

Coaptation. — This  consists  in  replacing  the  severed  tissues  in  as 
nearly  their  normal  relation  as  possible.  This  is  easily  accomplished 
in  the  case  of  incised  wounds,  but  in  contused  and  lacerated  wounds  it 
is  difficult,  and  when  there  is  considerable  loss  of  tissue,  impossible. 
It  should  be  attempted  in  all  wounds  that  will  permit  it  It  may 
be  immediiUi-,  or  directly  following  pro]>er  hcmostasis  and  cleans- 
ing and  di.sinfection,  or  secondary,  some  hours  or  even  days  inter- 
vening, as  in  cases  in  which,  from  the  nature  of  the  wound,  a  copious 
discharge  is  expected  to  occur.  Position  ranks  first  in  securing  coapta* 
tion.  The  wounded  jiart  is  to  be  brought  into  such  a  position  as  to 
diminish  to  the  greatest  possible  extent  the  tendency  of  its  edges  to 
gape.  This  may  be  attained  by  either  Hexing  or  extending  the  parts 
according  to  circumstance^.  Handagcs,  (i.ved  dressings  such  as  those 
of  plaster  of  Paris,  and  splints  of  various  kinds  arc  used  to  insure 
maintenance  of  the  proper  position.  Prtsmre  may  be  employed  in 
suitable  cases,  as  in  small  wounds  whose  edges  show  very  slight  ten- 
dency to  gape,  or  indirect  by  means  of  rolls  of  gauze  placed  on  each 
side  of  the  wound  and  held  in  place  by  a  reliiiniiig  dressnig.  Ad/hskv 
miUttinl  is  sometimes  used,  sucli  as  adhesive  plaster,  collodion,  plain 
or  incorjwrated  in  gauz^  or  absorbent  cotton.  It  is  only  in  small  or 
superficial  wounds  that  adhesive  material  is  of  service,  and  then  only 
when  asepsis  is  reasonably  well  assured.  In  large  wounds  it  is  used  as 
an  adjunct  to  other  measures.  Collodion  is  particularly  useful  in  draw- 
ing together  the  suture-line,  while  adhesive  plaster  is  useful  applied 
outside  the  ilressing  as  an  adjunct  to  the  binder  or  bandage,  especially 
in  such  parts  as  the  chest  or  abdmnen.  where  absolute  rest  is  most  es- 
sential and  at  the  same  time  dlflicult  to  obtain. 

Sutures  rank  next  in  importance  to  position  and  rest  in  maintaining 
the  parts  in  their  relation  to  each  other.  The  strength  and  dui-ability 
of  the  material  employed  will  depend  upon  the  character  of  the  tissues 
to  be  approximated,  their  situation,  etc.  In  suturing  the  integumenlar>' 
tissues  the  materials  selected  should  be  such  as  arc  least  favorable  to 
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germ-growth.  For  this  reason  catgut  should  be  discarded,  and  silk- 
worm-gut, silver  wire,  or  silk  used.  For  those  deeper  structures  which 
take  long  in  healing,  such  as  bone,  tendon,  and  fascial  and  aponeurotic 
tissues,  stouter  and  more  resistant  material  will  be  required  than  in  the 
case  of  muscles,  nerves,  and  blood-vessels,  which  unite  more  rapidly. 
According  to  J.  B.  Murphy,  however,  silk  is  the  preferable  material  in 
suturing  wounds  of  blood-vessels.  The  traumati.sm  inflicted  by  the 
sutures  themselves  should  be  borne  in  mind,  and  the  size  and  character 
of  the  material  should  be  selected  with  this  in  view.  Severed  nerves, 
muscles,  tendons,  bones,  fascire  and  aponeuroses,  and  the  larger  blood- 
vessels should  be  approximated  each  with  its  appropriate  suture.  In 
superficial  wounds  imperatively  requiring  suturing,  such,  for  instance,  as 
those  located  over  the  point  of  the  elbow,  the  knee,  and  of  the  scalp, 
and  which  tend  to  gape  widely,  skin-sutures  alone  arc  sufficient.  In 
deeper  wounds  sutures  may  approximate  the  wound-layers  separately 
or  all  may  be  included  in  one  layer,  these  being  either  buried  or  re- 
movable. In  bringing  the  sutures  through  the  skin  they  may  be  made 
to  emerge  near  the  wound-edges  or  at  a  distance  from  them.  The 
latter  art  known  as  "  relaxation-sutures,"  since  they  transfer  the  strain 
of  the  stitches  from  the  immediate  neighborhood  to  a  distance.  Tension 
upon  the  wound-edges  should  be  avoided  whenever  pcssible,  since,  as 
a  result  of  the  traumatism,  these  possess  a  lower  vitality  than  the  parts 
at  a  distance,  and  hence  arc  more  liable  to  become  infected.  The  ten- 
sion of  the  suture  may  be  overcome  in  great  measure  by  correct  posi- 
tion and  relaxation-sutures ;  that  arising  from  compression,  if  it  result 
in  necrosis  of  tissue,  is  inexcusable.  In  addition  to  necrosis  and  infec- 
tion following  the  improper  application  of  sutures,  the  strain  placed 
upon  structures  sutured,  particularly  in  the  case  of  large  defects  in 
tissues  naturally  unyielding,  may  be  excessive  in  spite  of  every  care 
upon  the  part  of  the  surgeon.  It  may  even  prove  to  be  more  than  the 
structures  can  bear,  in  which  case  a  cutting  through  of  the  tissues  from 
ulcerative  action  occurs,  Tlie  tissues  drag  against  the  rigid  and  un- 
yielding thread,  separation  occurs  in  the  suture-line,  and  the  thread 
often  becomes  buried  out  of  sight.  This  last  effect  sometimes  results 
from  undue  swelling  of  the  skin  itself  on  account  of  infection  from  too 
great  tension  upon  the  sutures,  the  result  of  overanxiety  on  the  part 
of  the  surgeon  to  secure  firm  approximation  of  the  wound-edges.  In 
this  coimection  it  should  be  borne  in  mind  that  all  the  purposes  of 
coaptation  are  fulfilled  by  a  loose  adjustment  of  the  cut  edges  to  each 
other.  The  attempt  to  do  more  than  this  and  to  force  the  injured 
parts  firmly  against  each  other  will  accomplish  no  more  than  simple 
approximation,  and  is  fraught  with  risk. 

Drainage. — Hy  drainage  is  meant  the  process  of  removal  of  the 
wound-secretions.  Kvery  woutul,  however  small,  is  the  seat  of  a  cer- 
tain amount  of  exudation.  In  the  early  stages  this  is  serious,  but  in 
the  event  of  infection  it  becomes  seropurulent  and  finally  purulent. 
Tlie  indications  for  drainage  vary  in  different  wounds,  and  the  methods 
of  drainage  to  be  employed  are  governed  bj'  the  character  of  the  dis- 
charge. Small  incised  wounds  require  no  artificial  drainage;  if  clean 
they  may  be  closed,  and  if  septic  they  may  be  left  open  for  natural 
drainage.       Large    inc'sed    wounds    of    accidental    origin,    if    treated 
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promplly.  may  frequently  be  closed  witliniit  drainage,  If  tlie  deeper 
fascial  and  aponeurotic  structures  have  been  opened  up,  and  there  is 
invasion  of  muscular  planes,  and  particular))'  if  entrance  into  joints 
has  been  efTccted.  artificial  drainafje  must  be  pro\ided  for.  Wounds 
not  necessarily  extensive  in  themselves,  but  complic;itcd  bj-  injuries  to 
the  surrounding  soft  parts  and  likely  to  yi\e  rise  to  a  large  serous  exu- 
dation,  may  be  left  entirely  open  for  the  first  twenty-four  or  forty-eight 
hours  and  lightly  tamponed  with  sterile  or  antiseptic  gauze.  S*ron/fary 
suturing  may  be  practised  in  these  cases.  If  decided  infection  has 
taken  place  the  secondary  suture  must  be  postponed  until  all  traces  of 
this  have  subsided:  otherwise,  sutures  liaviiig  been  introduced  and  left 
loose  at  the  time  of  the  first  dressing,  the  wounci  m;iy  be  closed.  This 
method  of  primary*  drainage  and  secondary-  suture  has  mucli  to  recom- 
mend it  in  large  non-operative  wounds.  In  this  manner  sjjeedy  union 
may  be  secured  in  wounds  in  which,  if  sutured  primarily,  ti.ssue -necro- 
sis would  have  ensued  as  a  result  of  pressure  on  tlie  tissues  by  the 
.suture,  the  cause  (tf  the  pressure  being  the  retention  of  the  wound- 
discharges.  Large  incisetl  wounds  without  coincident  damage  to  sur- 
rounding tissues,  even  though  suft'icienl  time  has  elapsed  and  the  sur- 
roundings are  such  as  to  excite  a  reasonable  suspicion  of  the  super- 
vention of  sepsis,  may  often  be  partially  closed  by  sutures,  the  most 
dej3endent  portion  Ix-ing  left  open  for  natural  drainage,  or  artificial 
drainage  being  provided  for,  All  lacerated  and  contused  wounds  must 
be  drained  except  in  cases  where  the  contused  and  lacerated  portions 
can  be  removed  and  the  wound  converted  into  a  simple  incised  wound. 
This  should  be  done  whenever  possible;  but  where  it  cannot  be  accom- 
plished without  imiKiirment  of  function  or  too  great  loss  of  tissue,  it 
is  contraindicated. 

All  wounds  of  non-operative  origin  must  be  carefully  watched. 
This  applies  with  special  emphasis  to  those  that  have  been  closed  pri- 
marily; these  are  to  be  opened  up  freely  upon  the  first  evidence  of 
sepsis.  The  border  line  between  aseptic  and  septic  wounds,  or  those 
likely  to  become  so,  is  difficult  at  times  to  determine  in  the  class  under 
discussion,  and  the  conservative  surgeon  will  take  the  safe  side  in  case 
of  doubt.  Given  a  woun<l  upon  a  portion  of  the  body,  particularly 
where  disfigurement  is  to  be  avoided,  as  in  the  case  of  the  face,  if  the 
circulatory  conditions  favor  ra[>id  healing  in  spite  of  some  exijosun.-  to 
infection,  if  the  wound  has  been  seen  early  and  the  most  scrupulous 
precaution  taken  to  remove  any  possible  source  of  infection  from  the 
wound  and  its  neighborhood,  and  if  the  circumstances  surrounding  the 
infliction  of  the  wound  in  relation  to  sepsis  do  not  contraindicate, 
then  approximation  ct{  the  edges  should  be  accomplished  at  once.  If, 
on  the  other  hand,  considerable  time  has  elapsed  since  the  infliction  of 
the  wound,  the  latter  in  the  meantime  having  been  exposed  to  condi- 
tions inviting  sepsis,  as  contact  with  clothing  or  other  probiible  sources 
of  infection,  if  the  surroundings  do  not  admit  of  disinfection  to  the 
satisfaction  of  the  surgeon,  and  if  upon  investigation  the  cause  of  the 
wound  has  been  ascertained  to  involve  septic  conditions,  drainage  must 
be  emp!f>ye(I.  In  defji  woiimls  with  narrow  cxtenial  openings  and  in 
those  involving  joint-  i»r  other  cavities,  drainage  is  indicated.  In  large 
subcutaneous  injuries,  and  in  those  in  which  decided  losses  of  tissue 
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cause  so-called  "  dead  spaces,"  counteropenings  are  indicated  to  allow 
of  sufficient  drainage. 

Means  of  Drainage. — The  simplest  means  of  effecting  drainage  is 
leaving  open  the  most  dependent  part  of  the  wound,  the  so-called 
natural  drainage.  The  most  commonly  employed  means  of  artificial 
drainage  is  the  use  of  sterile  hygroscopic  gauze  or  cheese-cloth 
material.  It  is  indicated  in  wounds  with  serous  or  seropurulcnt  dis- 
charge, the  fluid  being  sufficiently  thin  to  permit  of  its  being  acted 
upon  by  the  capillarity  of  the  threads  of  the  gauze.  In  infected 
wounds  the  gauze  may  be  impregnated  with  some  antiseptic  agent, 
such  as  iodoform  or  zinc  oxid ;  in  non-infected  wounds  plain  dry  sterile 
gauze  will  suffice.  Silkworm-gut,  horse-hair,  spun  glass,  and  narrow 
strips  of  oil-silk  or  rubber  tissue,  have  been  employed.  They  pos.sess 
,  some  advantage  in  that  they  are  easier  of  removal,  A  perforated  cov- 
ering of  oil-silk  or  rubber  tissue  placed  upon  rolls  of  gauze  or  bundles 
of  common  lamp-wicking  assists  in  the  removal  of  the  drains  thus 
formed,  the  smooth  exterior  of  the  latter  facilitating  the  withdrawal. 
This  feature  is  a  particularly  desirable  one  in  the  removal  of  Intraperi- 
toneal drains. 

In  wounds  from  wliich  the  discharges  arc  too  profuse  or  too  thick  to 
be  acted  upon  by  capillary  action,  tube-drainage  is  employed.  Tube- 
drains  are  made  of  rubber,  glass,  silver,  and  decalcified  bone.  The  last- 
named  material  is  absorbable.  When  non-absorbable  tubes  are  em- 
ployed they  should  be  removed  as  soon  as  possible,  since  they  act 
as  a  foreign  body  to  a  greater  extent  than  does  simple  gauze.  The 
latter  should  replace  tubc-drainagc  at  the  earliest  possible  moment. 
Wounds  arc  not  infrequently  maintained  in  a  septic  condition  by 
the  persistent  employment  of  tube-drainage,  for  granulation -tissue  oif 
low  vital  resi.stance,  and  hence  easy  of  infection,  lines  the  fistulous 
track  along  which  the  tube  lies.  The  fistulous  tracks  are  some- 
times difficult  to  heal,  and  it  is  only  after  the  vigorous  use  of  the 
sinus-curet  to  remove  septic  granulation-material  that  closure  is  finally 
accomplished. 

Dressing  of  Wounds. — The  protection  of  the  line  of  coaptation  is 
of  importance.  The  soft  layers  of  cheese-cloth  now  so  universally 
employed  in  the  dressing  of  wounds  are  sufficiently  non-irritating  to 
be  brought  into  direct  contact  with  the  line  of  union  without  harm. 
Some  surgeons  prefer  a  narrow  strip  of  Lister's  oil-silk  protective, 
while  others  apply  a  layer  of  collodion  in  which  iodoform  or  some 
other  antiseptic  substance  has  been  dissolved.  These  are  unnecessary, 
save  under  the  exceptional  circumstances  of  wounds  in  localities 
where  it  is  almost  impossible  to  keep  the  gauze  dres.sings  closely 
applied  to  the  wound  and  its  surroundings.  In  view  of  the  fact  that 
any  additional  factor  entering  into  the  dressing  material  may  introduce 
sources  of  sepsis,  it  should  be  accepted  as  a  golden  precept  in  the  sur- 
ger>'  of  wounds  that  whatever  is  uniiecLSsary  may  be  mischievous  and 
had  better  be  omitted. 

In  addition  to  affording  protection  to  the  wound  against  infection 
and  injur)',  dressings  are  designctl  to  absorb  discharges  escaping  from 
the  wound.  They  are  applied  immediately  following  hemostasis,  cleans* 
ing  and  disinfection,  coaptation  and  drainage.     The  hygroscopic  gauze 
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or  chcese-clotli  already  mentionctl  wrx-es  the  puqiose  ndmimbly.  and  is 
now  almost  iinivcrsally  employed.  In  case  of  non-infected  wounds  the 
ganze  may  be  used  plain ;  in  infected  wounds  it  must  be  impregnated 
with  some  antiseptic  substance.  In  cases  of  mild  infection  cither  iodo- 
form or  xinc  oxid  answers  the  purpose  ailmirably  :  in  most  virulent 
forms  of  infection  some  such  decidedly  pcrmici<lal  agent  as  corrosive 
sublimate  is  cmplojcd.  When  there  is  a  tendency  of  phlenninnous 
inflammation  to  spread,  saturating  the  dressings  with  a  2j  to  5  per 
cent,  carbolic-acid  solution  is  of  especial  sen'ice.  Tlie  original  Lister 
dressing,  in  which  carbolic  acid  is  held  in  the  meshes  of  the  gau7-c  by 
some  resinous  material,  is  now  cnniparnlivcly  little  used.  In  the  pres- 
ence of  evidences  of  infection,  and  particularly  where  sloughy  tissues 
arc  to  be  separated,  wet  dressings  of  antiseptic  and  germicidal  snhi- 
Liuns  are  imlicated;  otherwise,  wounds  heal  more  rapidly  under  dry 
dressings. 

In  order  to  afford  sufficient  protection  to  the  wound  the  dressings 
should  be  applied  with  a  generous  hand,  and  should  cover  tiie  parts 
for  some  disiance  from  the  wound  itself.  They  should  also  be  applied 
in  such  a  manner  :ls  lo  olTer  the  least  dtsconjfort  tn  the  |iatieiii  antl 
aflurd  the  {greatest  possible  rest  to  the  woundet!  [larts.  As  an  addi- 
tional protection  against  infection  from  the  atmospheric  air,  the  gauze 
dressings  are  covered  with  a  thick  layer  of  common  non-absorbent 
cotton  sterilized  by  dry  or  steam  heat.  This  is  not  tlic  finely  carded 
absorbent  cotton  of  tlic  dealers,  xvhich  affords  little  or  no  protection 
against  germ-invasion.  Finally,  the  dressings  nre  held  in  position  by 
pro|jerIy  applied  bandages  (>ee  Minor  Surgery).  Finn  and  equable 
compression,  apphed  througji  the  medium  of  large  cushion-like  dn-ss- 
ings  of  gauze  and  cotton,  afTurds  considerable  comfort  to  the  patient, 

f>articularly  when  combined  with  proijcr  position  and  complete  muscu- 
ar  relaxation  of  the  injure*!  p-irts. 

Revision  of  DressinK^  and  Redressing'  of  Wounds.— If  with  the 
occurrence  of  swelling  the  conjpression  is  increased  to  the  extent  of 
giving  rise  to  pain  in  injured  parts  previously  free  from  pain,  or  if  from 
the  restlessness  of  the  patient  or  other  circumstance  the  dressings  be- 
come accidentally  disturbed,  m-ision  of  the  dressings  is  deniandird. 
That  is  to  say.  the  bandages  anil  dressing  materials  are  to  be  re;irranged, 
and  perhaps  the  position  of  the  injured  (larts  altered.  Ry  the  term 
ri'drcssin^  is  meant  the  complete  removal  of  one  set  of  dressings  and 
the  application  of  another.  The  indications  for  the  latter  may  be 
simply  stated.  If  anj-thing  goes  wrong  in  the  neighborhood  of  the 
wound,  as  evidenced  by  heal,  pain,  or  soiling  of  the  dressings ;  or  if 
(he  general  well-being  of  the  patient  is  disturbed  by  elevation  of  the 
body-temperature,  headache,  foul  tongue,  malaise,  and  restlessness,  the 
wound  should  be  suspected  of  being  the  cause.  Under  these  circum- 
stances the  injured  parts  should  be  examined  and  redressed,  .such 
modifications  of  the  dressings  being  instituted  at  this  time  as  will  meet 
the  particular  indications  found  to  be  present.  Soiling  of  the  dressings 
by  a  simple  serosangu indent  discharge  that  has  quickly  dried  in  the 
meshes  of  the  gauze  doe.<;  rot  of  itself  necessarily  indicate  exposure  of 
the  wound.  If  undue  tension  is  present  from  failure  of  drainage,  the 
drains  should  be  cleaned ;  if  tlie  sutures  are  found  to  be  cutting  into 
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the  soft  parts,  these  are  to  be  removed  in  addition.  If  the  line  of 
approximation  shows  that  infection  has  taken  place,  this  should  be  met 
by  appropriate  means.  If  mild,  as  shown  by  slight  reddening,  wet 
antiseptic  dressings  may  suffice.  If  a  decided  and  extensive  blush  is 
present  the  sutures  must  be  removed  to  give  access  to  the  wound- 
cavity,  which  must  be  thoroughly  cleansed  and  loosely  packed  wHth 
iodoform  gauze  moistened  with  a  95  per  cent,  alcohol  or  a  2\  per  cent 
carbolic-acid  solution.  The  former  has  been  found  to  be  exceedingly 
useful  in  rapidly  developed  phlegmonous  inflammation. 

If  no  indication  exists  for  the  revision  of  a  dressing  or  a  re- 
dressing of  the  wound,  it  is  a  surgical  error  to  disturb  the  dress- 
ings, save  for  the  purpose  of  removal  of  drains,  until  the  time  arrives 
for  the  removal  of  the  sutures — say  a  week  or  ten  days.  The  techniq 
of  redressings  should  be  conducted  with  the  same  care  as  the  ohg;inal 
dressing. 

Subcutaneous  Injuries. — Injuries  of  this  character  involving  an 
external  wound  have  already  been  dwelt  upon.  In  this  connection  it 
is  intended  to  deal  only  with  the  parts  which  lie  subjacent  to  the  skin, 
and  which  present  an  unbroken  surface — that  is  to  say,  contusions.  For 
the  detailed  treatment  of  injuries  to  separate  structures  the  reader  is 
referred  to  the  several  chapters  devoted  to  that  subject. 

The  treatment  of  contusions  will  depend  entirely  upon  the  amount 
pf  damage  inflicted.  More  or  less  pain  is  usually  suffered  in  conse- 
quence of  the  involvement  of  sensory  nerve-fibers  in  the  traumatism, 
as  well  as  from  tension  due  to  the  presence  of  hemorrhagic  and  other 
effusions.  For  the  relief  of  the  pain  due  to  the  first-named  cause  the 
application  of  a  lotion  containing  opium  is  useful.  If  this  is  combined 
with  a  2\  per  cent,  solution  of  carbolic  acid  in  the  proportion  of  an 
ounce  of  tincture  of  opium  to  a  pint  of  the  acid,  the  tendency  to  sup- 
purative inflammation  arising  from  infection  of  the  devitalized  struct- 
ures through  such  channels  as  the  hair-follicles  will  be  combated,  and 
the  pain  relieved  as  well.  Care  mu.st  be  exercised  in  the  use  of  both 
of  these  agents  in  ver>'  young  children  and  old  persons,  for  the  reason 
that  absorption  takes  place  readily  in  the  delicate  integumentary  struct- 
ures of  the  former  and  the  atrophied  skin  of  the  latter,  and  toxic 
.symptoms  may  be  produced.  The  old-time  remedy  known  as  the 
lead-and-opium  lotion,  consisting  of  a  dram  of  lead  acetate,  an  ounce 
of  tincture  of  opium,  and  a  pint  of  water,  applied  warm,  is  a  grateful 
application  in  painful  contusions.  Rest  and  position,  together  with 
agreeable  conipres.sion,  are  of  service  in  relieving  pain ;  at  the  same 
time  they  reduce  swelling  and  tend  to  arrest  further  hemorrhage.  Hot 
or  cold  water,  the  latter  of  ordinary  room-temperature,  or  an  evapora- 
ting lotion  of  ammonium  chlorid  in  alcohol  and  water,  applied  either 
warm  or  cold,  as  seems  most  acceptable  to  the  patient,  are  to  be  men- 
tioned. If  nccessar>',  an  inci.sion  may  be  made,  clots  turned  out,  and 
bleeding  vessels  sought  and  secured.  The  readiness  of  tissues  that 
are  the  scats  of  a  contusion  to  take  on  suppurative  inflammation  under 
the  influence  of  mildly  infectious  agents  should  be  remembered,  and 
strict  precautionary  measures  should  be  taken  accordingly. 

If  seen  early,  )nassagc  will  be  found  to  shorten  materially  the  period 
of  disability  due  to  the  contusion.    It  is  always  indicated  in  those  cases 
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in  which  there  is  no  injury  to  important  underljing  structures  and  no 
infection.  Massage  may  be  employed  later  in  the  treatment  and  after 
the  subsidence  of  sensitiveness,  for  the  purpose  of  hastening  the  ab- 
sorption of  effusions.  This  measure  of  treatment  is  particularly  valuable 
in  subcutaneous  injuries  occurring  in  tlic  ncighbcirhnod  of  joint.'i.  For 
the  rapid  removal  of  the  discoloratinn  follnwiiif;  contusion,  fjertle  fric- 
tion with  alcohol  and  daily  pencilling  the  part  lightly  with  tincture  of 
iodin  will  be  found  useful.  In  contusion  occurring  in  vcr>'  lax  tissues, 
as  in  the  neighborhood  of  the  eye,  aspiration  of  the  effused  fluid  may 
be  tried,  if  the  condition  is  seen  early.  If  tension  upon  the  cavity-walls 
is  such  as  to  prevent  absorption,  or  if  blood-coagula  fail  to  disappear 
through  the  natural  processes  of  elimination  occurring  in  connection 
wth  new-tissue  formation  (the  so-called  clot  organization),  they  must 
be  evacuated  through  an  incision.  The  prolonged  presence  of  such 
clots  in  the  subcutaneous  connective  tissue  is  apt  to  lead  finally  to 
suppurjilion. 

PoisfHied  Wounds. — Post-mortem  or  dissection  wounds  may  be 
taken  as  a  type  of  infected  wounds  which  exhibit  a  Icridcncy  to  special 
virulcncy,  and  arc  generally  considertxl  as  a  class  b)'  themselves.  They 
are  characterized  by  pronounced  local  and  general  infection,  and  are 
of  frequent  occurrence  among  those  employed  in  making  autopsies 
and  in  dissecting-room  students.  Wounds  received  by  the  surgeon  in 
conducting  operations  upon  infected  individuals  may  give  rise  to  the 
same  train  of  symptoms.  By  far  the  greater  number,  however,  are  re- 
ceived in  the  dead-house,  in  which  gisl-  they  are  usually  the  result  of 
the  examination  of  bodies  recently  dead  from  such  infectious  diseases  as 
septic  peritonitis,  erysijit-las,  pyemia,  and  septicemia,  and  give  rise  to 
severe  and  even  dangerous  symptoms.  Comparatively  few  of  these 
accidents  occur  among  dissecting-room  students,  for  the  reason  that  the 
infective  micro-organisms  soon  lose  their  virulency  and  are  replaced  by 
the  bacteria  of  putrefaction.  When  they  do  occur  under  these  circum- 
stances, the  infection  is  usually  followed  by  only  a  very  moderate  local 
reaction  and  comjKira lively  mild  symptoms  of  a  general  character. 

It  is  unlikely  that  the  special  virulency  of  these  cases  depends  upon 
any  one  specific  organism,  but  on  the  contrar)-,  in  the  majority  of  in- 
stances the  infection  is  a  mixed  one,  streptococci  predominating.  This 
is  particularly  apt  to  be  the  case  in  infectious  processes  occurring  in 
surgeons,  hospital  internes,  and  nurst-s  from  contact  with  cerbiin  cases 
of  cellulitis.  It  is  a  well-known  fad  that  some  indiviilual-s  are  more 
susceptible  to  infection  than  others ;  and  further,  that  those  who  are 
more  or  less  constantly  in  contact  with  infectious  material  acquire  a 
certain  degree  oi  immunit>^ 

While  the  commonest  mode  of  entrance  of  the  poison  is  through  a 
wound,  this  latter  need  not  necessarily  be  severe  or  have  been  received 
at  the  time  of  the  inoculation.  In  fact,  it  is  believed  thai  the  infection 
is  oftener  conveyed  through  pre-existent  abrasions,  slight  wounds,  and 
the  trifling  fissures  in  the  skin  occurring  at  the  ungual  mai^ns,  and 
knon-n  as  "  hang-nails."  than  through  recent  or  severe  wounds.  The 
reason  for  this  probably  resides  in  the  fact  that  more  or  less  bleeding 
and  inability  to  continue  the  work  accompany  the  tatter,  the  poison 
being  thus  removed,  and  prompt  measures  of  disinfection  resorted  to. 
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Absorption  of  the  poison  may  occur  also  through  the  sweat-glands  or 
sebaceous  glands.  Those  in  ill  health  are  more  susceptible  than  robust 
individuals. 

Symptoms. — The  most  striking  characteristics  of  the  hyperacute 
cases  of  poisoned  wounds  are  rapidity  of  development  of  the  local  in- 
fectious process,  accompanied  by  serosuppurative  inflammation  and 
sloughing,  and  the  early  supervention  of  symptoms  of  systemic  poi- 
soning. As  a  rule,  the  severity  of  the  latter  depends  upon  the  d^ree 
and  intensity  of  the  former.  Occasionally,  however,  general  symptoms 
of  acute  septic  intoxication,  out  of  all  proportion  to  the  local  conditions, 
are  observed;  In  the.se  cases  the  local  signs  are  often  slight.  The 
point  of  entrance  of  the  infection  exhibits  a  slight  edema ;  a  small 
vesicle  tilled  with  scrosanguinolent  fluid  is  sometimes  observed.  As  a 
rule,  there  is,  however,  intense  pain  at  the  seat  of  inoculation.  Early 
collap.se  supervenes,  with  rapid  and  feeble  pulse,  elevation  of  tempera- 
ture, jactitation,  subsultus  tendinum,  and  delirium  followed  by  uncon- 
sciousness. Death  may  occur  in  forty-eight  hours.  In  other  cases 
these  symptoms  follow  the  occurrence  of  acute  cellulitis.  This  condi- 
tion is  ushered  in  by  malaise,  local  pain,  rigors,  and  vomiting.  Swelling 
of  the  parts  in  the  neighborhood  of  the  wound,  with  rapid  sloughing 
of  the  tissues  and  early  formation  of  pus,  occurs.  The  cellulitis  rapidly 
extends  up  the  arm  to  the  shoulder,  and  may  even  invade  the  soft 
parts  upon  the  chest-wall. 

In  more  commonly  observed  cases,  particularly  in  dissecting-room 
wounds  and  in  those  occurring  in  surgeons  and  their  assistants,  the  in- 
vasion is  of  a  milder  type.  The  wound  becomes  painful,  red,  and  but 
slightly  swollen.  A  papule  or  pustule  develops,  and  there  is  but  little 
to  attract  attention  to  more  remote  parts  until  a  series  of  red  lines  is 
discovered  running  up  the  arm,  marking  the  spread  of  infection  by  the 
lymphatic  vessels.  These  may  sometimes  be  felt  as  knotted  cords,  and 
may  continue  to  be  so  felt  for  a  long  time  following  the  attack.  The 
lymphatic  glands  soon  become  involved.  If  Hmited  to  the  superficial 
group,  the  glands  in  front  of  the  elbow,  or  those  above  the  internal 
condyle,  are  affected.  If  involvement  of  the  deep  set  occurs,  the  large 
glands  in  the  axilla  become  swollen,  painful,  and  tender.  In  either  case 
suppuration  is  apt  to  follow,  although  it  does  not  necessarily  occur,  the 
process  rapidly  subsiding.  In  case  glandular  abscess  follow,  the  patient 
will  complain  of  chilly  sensations,  and  a  rise  in  temperature  will  be 
obser\cd.  With  the  opening  and  e\'acuation  of  the  abscess-cavities  the 
symptoms  rapidly  di.sappcar.  In  this  class  of  cases  the  lymphatic 
glands  interpose  a  barrier  against  general  infection,  acting  in  conjunc- 
tion with  a  high  degree  of  vital  resistance  on  the  part  of  the  indi- 
vidual. 

In  another  class  of  ca.ses,  depending  upon  the  virulence  of  the  poi- 
son and  the  degree  of  resistance  of  the  injured  person,  the  cellulitis 
may  assume  the  character  of  an  ordinarj-  phlegmonous  inflammation, 
with  brawnincss,  excessive  pain,  a  high  degree  of  tension,  and  diflfused 
redness  of  the  surface;  or  these  symptoms  may  be  replaced  by  simple 
swelling  and  cdcnia. 

The  situation  and  depth  of  the  wound  will  govern  to  some  extent 
the  rapidity  of  development  of,  as  well  as  the  routes  travelled  by,  the 
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infection  and  the  symptoms.  Wounds  penetrating  the  palmar  fascia 
follow  the  sheaths  of  the  flexor  tendons  and  lead  to  suppurative  col- 
lections above  the  annular  ligament  of  the  wrist.  Wounds  upon  the 
dorsal  aspect  of  ihe  hand  or  forearm  are  of  far  less  serious  import. 

TreattMinf. — Prophylaxis  is  of  the  first  importance.  The  hands  of 
the  postmortemist  should  be  previously  .smeared  with  vasclin  or  lard 
as  a  preventive  of  infection  through  unobscr\'cd  abrasions  or  the  gland- 
ular structures  of  the  skin.  Deeply  staining  the  hantis  with  a  fluid 
made  by  adding  to  a  I  :  lOOO  corrosive-sublimate  solution  sufficient 
potassium-permanganate  cr>'stals  to  make  a  saturated  solution  of  the 
latter,  as  originally  devised  by  myself  for  the  purpose  of  disinfecting 
the  hands  of  (he  operating  surgeon,  may  be  employed  with  advantage. 
The  advantage  of  this  method  of  preparing  the  hands  lies  in  the  fact 
that  tlje  affinity  of  the  coloring  matter  of  the  permanganate  for  llie 
deeper  structures  of  the  skin  causes  more  decided  penetration  of  the 
latter,  both  on  the  part  of  this  agent  and  of  the  mercurial  compound. 
The  original  object  in  employing  this  combination  in  tlic  manner  de- 
scribed was  the  insurance  of  a  more  thorough  disinfection  of  the  deeper 
portions  of  the  skin,  the  stain  being  permitted  to  remain  during  the 
entire  operation.  It  is  afterward  removed  by  immersing  the  hands  in 
a  warm  saturated  solution  of  oxalic  acid,  after  which  the  latter  is  neu- 
tralized by  lime  water  or  weak  ammonia  water.  It  was  soon  found 
that,  in  addition  to  this  advantage,  the  surgeons,  internes,  and  nurses 
employing  this  method  acquired  an  immunity  against  the  occurrence 
of  so-called  "  pus  fingers  "  never  before  enjoyed. 

No  person  should  engage  in  an  autopsy  who  has  a  palpable  wound 
upon  the  hatul.  Hang-nails  es|>ecially  constitute  a  source  of  tianger. 
In  ca.se  a  wound,  even  though  it  be  of  a  slight  nature,  is  received 
during  an  autopsy  or  in  the  course  of  operation  upon  an  infected  sub- 
ject, prompt  measures  are  to  be  taken  to  prevent  serious  conse- 
quences. The  wounded  pari  is  to  be  isolated  from  the  general  circu- 
lation by  tlie  application  of  a  banilage  altovc.  This  should  be  suf- 
ficiently tight  to  prevent  the  return  circulation  from  taking  place,  yet 
not  so  tight  as  to  interfere  with  the  blood-supply.  Hleeding  is  thus 
encouraged.  The  wound  is  then  washed  in  a  5  per  cent,  carbolic 
solution,  or  a  I  :  1000  subUmatc  solution,  after  which  the  wound  is 
sucked  and  cauterized  with  the  solid  nitrate-of-silver  stick,  or  swabbed 
with  a  30  gr. :  5j  solutioiM>f /jne  chluritl.  Tlie  constricting  bandage 
should  now  be  remove<l  ami  a  dressing  of  gau7.e  wet  with  a  2^  jxt 
cent,  solution  of  carbolic  acid,  to  which  has  been  aildeil  tincture  of 
opium  in  the  proportion  of  an  ounce  to  the  pint.  applie<l.  The  dress- 
ings should  be  moistened  occasionally  with  the  same  solution. 

With  the  actual  occurrence  of  infection,  as  shown  by  the  formation 
of  a  bleb  or  pustule  at  the  ^\W  of  the  injury,  the  surroundings  should 
be  thoroughly  washed  with  soap  and  wann  water,  ilisiiifected  ^viih  a 
I  :  1000  solution  of  sublimate,  anil  the  pustule  o|x-iied  i>r  the  wound 
freely  enlarged,  and  curetted.  If  only  a  bleb  is  present  the  cuticle  of 
this  is  to  be  trimmed  away  and  the  infected  area  incised  freely.  Moist 
warm  dressings  of  the  carbollc-and-opium  lotion  should  then  be  ap- 
plied. If  a  cellulitis  spread  up  the  arm  the  latter  should  be  suspended 
in  a  hot  bath  of  1  15000  sublimate  solution  for  an  hour  at  a  time,  this 
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alternating  with  the  warm  moist  carbolic-and-opium  lotion.  If  the 
area  of  infection  is  large,  or  if  for  any  other  reason  it  is  deemed  inad- 
visable to  employ  a  lotion  freely,  Biirow's  solution  may  be  used.  This 
consists  of  5  parts  of  lead  acetate,  25  parts  of  alum,  and  500  parts  of 
water.  A  hot  bath  of  the  latter  may  also  take  the  place  of  the  sub- 
limate bath.  In  placing  the  arm  in  the  bath  a  hammock-Uke  arrange- 
ment should  be  improvi.sed  to  prevent  constriction  due  to  resting  the 
arm  upon  the  edge  of  the  vessel. 

The  local  conditions  should  be  carefully  watched  and  incisions 
made  from  time  to  time,  as  needed,  to  les.sen  tension,  relieve  pain,  and 
give  exit  to  purulent  material.  The  incisions  should  be  just  deep  and 
extensive  enough  to  effect  this  object ;  if  carried  beyond  this  point, 
extension  of  infection  to  deeper  and  more  remote  parts  will  be  apt  to 
occur.  Infectious  processes  conveyed  along  the  course  of  sloughing 
tendinous  sheaths  to  distant  and  deeply  placed  areas  require  the  ex- 
cision of  the  sheaths  as  well  as  of  the  tendons  themselves.  While  this 
course  is  always  to  be  deprecated,  leading  as  it  does  to  irreparable  loss 
of  function,  it  is  to  be  preferred  to  the  risks  involved  in  permitting  viru- 
lent infection  to  reach  inaccessible  parts.  Amputation  may  even  be 
required. 

The  general  treatment  consists  of  forced  nourishment,  the  free  use 
of  alcoholic  stimulants,  and  the  administration  of  quinin  in  doses  of 
5  or  more  grains,  combined  with  the  tincture  of  the  chlorid  of  iron. 
The  more  threatening  the  septic  intoxication  the  more  urgently  these 
measures  arc  demanded.  Experience  tends  to  encourage  the  use  of 
antistreptococcic  serum  in  these  cases  in  the  same  manner  as  in  septic 
peritonitis,  viz.,  20  c.c.  of  the  Marmorck  scrum  injected  in  the  region 
of  the  buttocks,  and  repeated  in  10  c.c.  doses  every  six  hours  until 
amelioration  of  the  symptoms  is  noted  or  the  case  is  decidedly  a  hope- 
less one.  Diarrhea,  which  is  apt  to  occur,  should  be  held  in  check. 
If  pain  is  excessive  and  not  relieved  by  the  local  applications,  morphin 
is  to  be  employed  hypodermically.  During  convalescence  the  patient 
should  be  carefully  nourished,  and  change  of  air  and  surroundings 
recommended. 

Anatomical  Tubercle. — This  is  a  name  applied  to  a  chronic  thick- 
ening of  isolated  portions  of  the  back  of  the  hand,  over  the  knuckles 
and  metacarpal  bones,  occurring  among  those  who  habitually  handle 
the  dead  bodies  of  cither  men  or  animals.  It  seems  to  be  particularly 
prone  to  occur  in  these  regions  on  account  of  the  thin  skin  over  thie 
latter;  occasionally,  although  ver>'  rarely,  it  has  been  found  upon  the 
forearm,  and  has  been  observed  upon  the  borders  of  the  nails,  as  well 
as  upon  cicatrices  marking  the  site  of  old  post-mortem  wounds.  In 
former  times,  on  account  of  its  resemblance  to  lupus,  it  was  known  as 
lupus  anatomicus.  and  recent  investigations  seem  to  show  that  the  con- 
dition is  actually  an  inoculation  of  the  tubercle  bacillus.  There  is  no 
evidence,  however,  that  generalization  of  the  infection  ever  occurs  from 
this  source.  It  is  probable,  therefore,  that  all  cases  are  not  of  a  specific 
nature,  but  that  the  majority  of  tliese  are  the  result  of  constant  contact 
with  putrid  animal  matter. 

The  tubercles  tlieniselvcs  resemble  common  warts,  and  consist  of 
papular  growths,  made  up  of  enlargements  of  the  cutaneous  papillx 
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occurring  in  circuniscrilseti  limits,  and  forming  small  tender  areas  with 
uneven  surfaces.  Tliese,  upon  bein^  irritated,  furnish  a  thin  serum, 
which  upon  dr>*ing  forms  a  scab.  They  are  covered  with  a  layer  of 
thickened  and  opaque  epidermis  of  a  bluish-rcd  color.  On  tlic  borders 
of  the  nails  the  affection  occurs  as  isolated  nodules.  In  some  instances 
the  disease  takes  the  form  of  an  cczL-ma.  such  as  is  found  upon  llie 
knuckles  of  plasterers.  The  course  of  the  affection  is  essentially  a 
chronic  one.  with  a  tendency  to  recovery  when  tlie  exciting  cause  is 
remtivcd. 

The  treatment  consists  in  the  removal  of  the  cause,  either  by  pro- 
tecting the  hands  with  rubber  gloves  or  discontinuing  the  work  alto- 
gether. If  jH-Tsistcnt  in  spite  of  these  measures,  the  application  of  the 
acid  nitrate  of  mercury  or  fuming  nitric  aciti  will  accomplish  their 
removal.  In  case  of  exten.sive  involvement  of  the  back  of  the  hand 
the  parts  should  be  thoroughly  curetted  and  dressed  with  Biirow's 
solution,  or  the  horosalicylic  solution  of  Prof.  Thiersch. 

Modifying;  Influences  AffectinK  Repair. — Hygienic  conditio$ts  exert 
a  modifying  influence  upon  the  healing  of  wound.s.  They  include  the 
relations  wliich  climatic  and  atmospheric  conditions,  tcmpcniturc,  sun 
light,  and  fo«xl  bear  to  the  general  well-being  of  the  individual.  [11 
those  countries  in  which,  from  the  eonliiiut.-d  high  temi>eraturc,  an  out- 
of-door  life  on  the  part  of  the  inhabitants  is  ncces.sar>',  healing  takes 
place  more  readily  than  among  those  living  where  cold  weather  and 
dampness  prevail.  Again,  moderate])'  ^vam^  weather  indirectly  favors 
repair  by  the  necessity  that  exists  for  keeping  the  doors  and  windows 
open,  thus  insuring  a  constant  supply  of  fresh  air,  as  well  as  sunlight. 
With  changing  barometric  conditions  the  mortality  from  injuries  and 
operations  is  said  to  vary  greatly. 

AccOTxlini;  l<>  Hcww>ii'><il>«cr\'ntiuits.  biiwd  upun  a  ktudjr  of  the  mclcuiulugin,!  recprds 
aiul  the  mrorils  of  the  surgical  service  of  the  PcanvylT^niii  llaspiial  exCendmg  over  a  period 
of  thirty  year*,  (he  lowest  mortAlity  occurred  with  a  rising  t>a.ro[netcr.  This  was  ncarltr 
doui'lMl  with  a  stationary  tnrometcr,  and  with  a  falling  tuiroiucter  it  w.is  more  than  doubled. 
The  low  barv>inetfical  (>reH'ture  liore  >  direct  relation  to  ^enrntl  infection  front  local  Mrptic 
coDtUtjoiu  in  wounds. 


The  necessitj'  of  a  liberal  supply  of  sunlight  and  fresh  air  cannot  be 
too  strongly  emphasized,  nor  can  the  influence  of  these  upon  nutrition 
be  overestimated,  particularly  under  conditions  in  which  there  is  de- 
pression of  the  vital  powers.  The  processes  of  repair  which  take  place 
in  the  tissues  have  been  likened  to  those  occurring  in  the  growing 
child  (Pilcher),  The  effects  of  sunlight  and  fresh  air  have  always  been 
matters  of  common  ob.sen-'ation.  and  mark  an  instinctive  craving  for 
these  aids  to  healthy  development  exhibited  by  all  living  creatures. 
Their  presence  reinforces  the  general  powers  of  resistance  on  the  part 
of  the  individual ;  while  their  absence,  particularly  the  ab.sence  of  a  hb- 
eral  supply  of  fresh  air,  not  only  entails  a  lessening  of  this  quality 
already  possesstrd  by  the  patient,  but  likewise  leads  to  an  increased 
accumulation  of  infectious  matters  from  the  bodily  exhalations  of  the 
patient,  of  those  in  attendance  upon  him,  and  of  others  confined  in 
the  same  ward.  The  necessity  for  measures  to  pro\*ide  fresh  air  to 
those  in  health  emphasizes  the  importance  of  redoubling  these  meas- 
ures in  the  case  of  the  injured. 
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The  necessity  for  a  good  supply  of  nourishing  and  easily  digested 
food  should  be  insisted  upon,  for  in  the  absence  of  it  wounds  do  not 
heal  quickly.  Under  circumstances  of  limited  supply  of  food-material. 
particularly  if  the  food  is  of  a  coarse  and  unwholesome  character,  and 
perhaps  badly  cooked  as  well,  the  reparative  process  will  be  arrested, 
and  retrogressive  and  degenerative  changes  initiated  and  perpetuated. 
The  digestive  powers  of  the  injured  person  should  be  carefully  studied, 
and  the  important  influences  of  diet  upon  his  early  restoration  to  health 
and  usefulness  should  be  thoroughly  appreciated  by  the  surgeon. 

The  Mental  State. — The  importance  of  maintaining  cheerful  sur- 
roundings has  not  met  with  the  attention  which  it  deserves.  It  is  a 
well-known  fact  that  the  wounds  of  those  defeated  in  battle  heal  much 
less  readily  than  those  of  a  victorious  army.  The  influence  of  the  mind 
upon  the  body  is  such  that  the  reparative  processes  are  more  or  less 
influenced  by  mental  conditions.  Observations  in  the  wards  of  large 
metropolitan  hospitals  constantly  impress  one  with  these 'facts.  Those 
patients  who  have  recently  landed  from  emigrant  ships,  with  no  homes 
established  in  this  country,  as  well  as  those  brought  from  lodging- 
houses  and  having  neither  home  nor  friends,  heal  slowly,  in  spite  of 
improvement  in  their  bodily  condition  arising  from  proper  hygienic  sur- 
roundings and  better  food.  This  can  be  reasonably  attributed  to  anxie^ 
and  fear  as  to  their  future.  On  the  other  hand,  healing  is  undoubtedly 
promoted  by  the  opposite  conditions  of  hope  and  confidence,  as  ex- 
hibited by  those  who  receive  the  visits  of  cheerful  friends  and  look 
forward  to  return  to  their  poor  but  happy  homes. 

Age. — ^The  healing  of  wounds  is  accomplished  with  much  greater 
facility  in  the  young  than  in  those  in  middle  life,  or  the  aged.  This  is 
due,  first,  to  the  fact  that  the  reparative  power  is  greater ;  and  second, 
to  the  greater  freedom  from  pre-existing  organic  disease.  As  a  general 
rule,  it  may  be  stated  that  the  healing  power  progressively  diminishes 
after  the  thirtieth  year  of  life.  Large  wounds  heal  slow^Iy  in  the  aged, 
who  are  apt  to  succumb  to  slight  causes  while  the  reparative  process  is 
in  progress.  On  the  other  hand,  wounds  heal  promptly  in  the  young, 
and  parts  which  in  those  of  more  advanced  age  require  removal  be- 
cause of  an  excessive  crushing  effect,  in  young  patients  regain  their 
vitality,  and  finally  their  function,  in  a  most  astonishing  manner,  and 
that,  apparently,  without  noticeable  drain  upon  the  patient's  vital  re- 
sources. 

CoNStittitionai  and  Diseased  Conditions. — Under  this  head  are  to  be 
grouped  nutritive  disturbances  due  to  actual  disease,  and  to  general 
states  of  the  blood  which  do  not  necessarily  constitute  a  recognizable 
di-sease.  Marked  anemia,  on  the  one  hand,  and  plethora,  upon  the 
other ;  the  direct  effects  of  starvation  upon  the  tissues,  and  the  results 
of  gluttony;  conditions  arising  from  the  excessive  use  of  alcoholic 
stimulants;  the  cxhau.stion  from  overwork  and  intellectual  strain — all 
of  these,  as  well  as  the  effect  upon  bodily  nutrition  of  vicious  habits 
and  such  other  influences  as  tend  to  lower  the  general  vital  resistance, 
should  be  taken  at  their  full  value  in  estimating  the  prognosis  in  indi- 
vidual cases  of  extensive  wounds. 

The  most  serious  of  the  complications  of  the  general  system  to 
which  wounds  are  subject  are  those  arising  from  the  pre-existence  of 
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pyemia  and  septicemia.    The  presence  of  a  local  ami  vlrulenl  infectinn, 

such  as  erysipelas,  adds  :i  special  source  r»f  dantji'r.  I^oeai  mppitratife 
eonditions  in  p.'irts  SLibsequcntly  .suFijectetl  to  accidental  wounds  lead  to 
infection  of  the  latter  as  well  as  to  a  spread  of  ihc  orij^inal  suppuration. 
Differences  between  accidental  and  operation  wounds  reside  in  the  fact 
that  the  latter  arc  incised  wounds  with  clean-cut  edges,  and  are  planned 
with  the  view  of  evacuating  collections  of  pus  and  relieving  tcnsinn, 
while  the  former  are  usually  of  a  contused  or  lacerated  character.  The 
latter  inflict  great  damage  upon  surrounding  structures,  thus  inviting 
spread  of  pre-existing  suppurative  conditions. 

Certain  diseases  which  give  rise  to  general  defects  of  nutrition  in- 
terfere greatly  with  the  healing  of  wounds,  and  measures  to  conibat 
these  should  be  instituted  early.  Among  these  may  be  mentioned 
tuberculosis,  syphilis,  diabetes  meUitus,  and  malaria.  In  the  presence  of 
these  complications  the  surgical  clinician  will  find  ;uitplc  opportunity 
of  drawing  upon  his  therapeutic  resources  in  promoting  prompt  heal- 
ing. Of  still  greater  importance,  because  of  greater  ilifficulties  of 
management,  is  the  presence  of  organic  changes  in  importaut  organs, 
such  as  the  lungs,  heart,  liver,  and  kidneys.  The  three  last-named  or- 
gans arc  frequently  the  subjects  of  interdependent  disease,  and  when  a 
well-defined  pathologic  change  Is  discovered  in  the  one,  the  two  others 
shnuld  be  made  the  subject  of  careful  investigation.  Tlie  seriousness 
of  these  organic  diseases,  in  addition  to  the  relation  which  their  stage 
of  advancement  at  the  time  of  the  infliction  of  the  wound  bcar.s  to  the 
healing  of  the  latter,  arises  from  the  fact  that  the  prc-e.YLSting  aHcction 
is  temporarily  at  least,  and  frequently  permanently,  aggravated  by  the 
injury.  This  may  be  the  direct  cause  of  death,  and  fadurc  to  recognize 
and  proviile  against  such  a  contingency  in  cases  of  personal  assaults 
where  the  wounds  recei^'ed  are  of  themselves  insufficient  to  cause  deatli, 
may  lead  to  serious  medico-legal  comjjLications. 

BURNS  AND  SCALDS. 

Certain  chemical  and  physical  eflects  occur  as  the  result  of  exposure 
of  portions  of  the  body  to  excessive  heat.  To  this  class  alst^  belong 
injuries  caused  by  caustic  substances,  such  as  concentrated  acids  and 
caustic  alkalies.  Disturbances  consisting  of  changes  in  the  skin  and 
circulator)'  channels,  and  varying  according  to  the  temperature  and 
length  of  time  of  exposure  of  the  part,  are  observed.  The  inflamma- 
tor>'  conditions  present  arc  not  essential,  but  accessory. 

Degrees  Ol  Btims. — A  momentary  exposure  to  a  temperature 
somewhat  below  the  boiling  [Xiinl  of  water  produces  an  overfilling  of 
the  smaller  arteries,  due  to  a  simple  paralysis  of  the  constrictor  muscles 
of  these.  The  resulting  increased  quantity-  of  blood  in  the  jwrts  occa- 
sions the  hyperemia  or  redness  obser\'cd  under  these  circumstances. 
This  is  known  as  a  burn  of  the  first  degree. 

Burns  of  the  second  degree  include  those  in  which  blistering  takes 
place.  Mere  there  is  an  exutlation  of  serous  fluid  into  the  tissues,  par- 
ticularly the  rele  Malpigliii.  A  i>cirlion  of  tlie  epidermal  layer  is  lifted 
up,  constituting  the  covering  of  the  blister. 

Bttms  of  the  third  degree  are  the  result  of  albuminous  coagulation 


112  INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 

affecting  the  contents  of  the  vessels  and  the  serous  fluid  and  albumin- 
ous substance  of  the  tissues.  Greater  or  less  areas  are  deprived  of 
nourishment,  and  necrosis  of  tissue  follows.  An  exaggeration  of  this 
degree  constitutes  the  fourth  and  fifth  degrees  of  some  authors,  these 
terms  being  applied  to  either  charring  of  the  skin  or  of  the  skin  and 
the  muscular  structures  as  well. 

Inflammatory  Conditioiis  Followingr  Bttms. — The  condition 
of  hyperemia  which  occurs  in  bums  of  the  first  degree  somewhat  re- 
sembles an  inflammation.  This  hyperemia,  however,  disappears  spon- 
taneously after  a  comparatively  short  time.  In  cases,  however,  of 
burns  of  the  second  or  third  degree  the  situation  is  vastly  changed, 
opportunity  being  afforded  for  the  entrance  and  propagation  of  bac- 
teria. In  burns  of  the  second  degree,  if  the  vesicles  are  not  disturbed, 
healing  may  take  place  beneath  the  raised  layer  constituting  the  sur- 
face of  the  blister.  When  these  are  ruptured,  more  or  less  infection 
and  inflammatory  complications  may  follow,  as  a  consequence.  In 
burns  of  the  third  degree  the  infection  takes  place  from  the  margins  of 
the  burn,  which,  as  a  rule,  are  not  carbonized,  and  not  from  the  area  of 
charred  tissue,  since  here  the  usual  and  readiest  channels  of  infection 
arc  closed.  From  the  margins  of  the  eschar  a  slowly  progre5.sing  sup- 
purative inflammation  goes  on,  the  neighboring  structures  partaking  of 
this  to  a  greater  or  less  extent.  By  means  of  this  suppuration  of 
demarcation,  as  it  is  called,  the  necrotic  tissue  is  slowly  lifted  up  and 
separated  from  the  living  structures  beneath.  This  suppuration  of  de- 
marcation may  give  place  to  a  phlegmonous  inflammatory  condition, 
in  which  case  the  line  of  demarcation  is  not  formed,  but  a  necrosis  of 
inflammatory  origin  may  become  associated  with  that  arising  from  the 
burn.  In  this  manner  large  areas  of  tissue  sometimes  become  involved 
in  the  gangrenous  process.  The  suppuration  of  demarcation  is  not 
always  marked.  The  charred  portion  is  not  a  favorable  soil  for  the 
development  of  bacteria,  owing  to  the  fact  of  the  coagulation  of  its 
albuminous  elements.  If  efforts  to  prevent  the  entrance  of  bacteria  at 
the  margins  by  the  early  employment  of  antiseptic  measures  prove 
successful,  the  entire  separation  of  the  necrotic  portion  may  occur  with 
scarcely  a  trace  of  suppuration.  The  formation  of  new  vessels  goes 
rapidly  forward,  and  the  young  vascular  connective  tissue  crowds  to- 
ward the  necrotic  tissue.  In  this  way  an  a.septic  granulation-process 
replaces  the  suppuration  of  demarcation,  and  a  process  of  elimination 
of  the  dead  part  follows.  This  climinative  process  occasionally  takes 
a  very  long  time,  particularly  in  cases  in  which  bone  is  involved.  It 
may  demand  artificial  aid.  Following  the  separation  and  removal  of 
the  necrotic  tissue  a  correspondingly  large  granulating  wound  is  pres- 
ent, which  gradually  becomes  covered  in  as  a  skin-defect.  The  cica- 
trices following  burns  are  apt  to  give  rise  to  serious  deformities  as  well 
as  to  various  disturbances  of  function,  such,  for  instance,  as  permanent 
flexure  of  the  joints  in  the  extremities,  ectropion  of  the  eyelids,  etc 

Constitutional  Symptoms. — In  cases  of  extensive  bums  the 
patient  usually  complains  of  great  pain  in  the  original  part,  although 
in  carbonization  of  an  entire  extremity  comparatively  slight  pain  may 
be  felt,  the  burned  area  and  its  neighborhood  being  almost  completely 
anesthetic  in  the  commencement.      The  patient  is  usually  in  a  state  erf" 
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[great  mental  cxci^mcnt.  is  very  restless  and  tosses  about  in  bed, 
screaming  and  cr\'inj4  witli  combined  fright  and  pain  ;  in  other  cases 
he  lies  in  an  apathetic  slate.  In  rapidly  fatal  cases  delirium  and  con- 
vulsive movements  come  on  early,  with  extremely  rapid  and  thready 
pulse  and  subnormal  tenipurature.  Vomiting  and  intense  thirst  are 
pronounced  symptoms  in  these  eases.  The  urine  is  scantj' ;  complete 
suppression  may  occur.  The  renal  secretion  is  not  infrequently  red- 
denc<i  from  the  presence  of  fienioglobin.  The  cause  of  the  latter  is 
the  destruction  of  the  red  blood  corpuscles  which  were  in  the  vessels 
of  the  affected  part  at  the  time  of  burning. 

The  patient  may  rally  from  the  fir'^t  shock  and  give  promise  of  re- 
cover)* for  the  first  few  days,  only  to  develop  the  above  symptoms  in 
the  stage  of  inflamniaton.' reaction.  He  may  perish  within  a  few  hours 
of  their  appear.uure.  or  he  ntay  linger  on  only  to  succumb  finally  to 
sonit:  of  the  complicating  sequelae.     (See  IVognosis.) 

PrOj^osis. — In  young  children  burns  of  the  first  degree,  even  if 
of  but  limited  extent,  may  prove  fatal.  Still  smaller  areas  of  the  sec- 
ond and  third  degrees  may  also  result  fatally.  The  involvement  of 
large  areas  of  the  surface  of  the  Ixwly  in  burns  of  the  second  and  iliird 
degrees  invr>ivc  direct  lianger  to  life.  In  the  adult,  if  ni*>rc  than  two- 
thirds  of  the  surface  i:i  involved  in  a  burn  of  the  tirsi  degree,  life  Is 
usually  destroyed ;  while  if  one-third  of  the  surface  is  burned  to  the 
second  or  third  degree,  death  will  almost  inevitably  result.  The 
locality  of  the  burn  should  be  taken  into  account  in  stating  the  prog- 
nosis. Burns  about  the  thoracic  and  abdominal  regions  are  to  be  re- 
garded more  seriously  than  those  of  comparatively  larger  area  or 
greater  severity  elsewhere. 

Deatli  following  burns  may  result  directly  from  shock.  Reflex 
cardiac  paralysis  may  be  due  to  over- stimulation  of  the  superficial  sen- 
sory ncn'cs.  When,  on  the  other  hand,  reaction  is  established,  con- 
gestion of  internal  organs  is  to  be  feared.  This  may  result  from  vaso- 
motor paresis,  or  from  blood-stasis  due  In  excessive  destruction  of  red 
blood -corpuscles  and  their  conversion  into  small  glohules.  The  sec- 
ondary dangers  relate  lo  prolonged  suppuration,  exhaustion,  erysipelas, 
pyemia,  sepiicemia.  and  tetanus.  Scalds  of  the  mouth  and  fauces  may 
be  followed  by  edema  of  the  glottis. 

The  Treatment  of  Bums. — The  local  treatment  of  bums  of  the 
first  degree  is  mainly  directed  tn  the  alleviation  of  the  pain.  This  may 
be  accompli-shed  best  by  dusting  over  the  parts  with  powdered  starch 
or  zinc  oxid.  enveloping  afterward  in  cotton  wool,  and  elevating,  if  the 
part  affected  be  a  limb.  If  the  pain  is  excessive  it  nKiy  be  allaj'ctl  by 
the  hypodermic  use  of  morphin.  The  application  of  an  ice-bag,  or 
lead-water  compresses  with  ice,  is  useful. 

In  bums  of  the  second  degree  ilie  extent  and  severity  of  the  re- 
sulting inflammatory  complications  will  t>e  in  direct  pro[>ortion  to  the 
amount  of  infection  which  occurs.  Therefore,  where  there  is  the 
slightest  vesicatiun  the  practitioner  should  liear  In  mind  the  necessity 
for  early  aseptic  and  antiseptic  measures.  Blebs  should  be  evacuated, 
when  ten.se.  through  punctures,  but  the  elevated  epidermis  should  not  be 
removed.  Cleansing  of  the  burned  area  is  indicated,  followed  by  antiseptic 
irrigation  (i  :  looo  bichlorid  solution,  or  3  per  cent,  carbolic  solution), 
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and  the  application  of  an  antiseptic  powder  dressing,  such  as  iodoform^ 
zinc  oxid,  bismuth  subnitrate,  boric  acid,  etc.  The  whole  may  be  cov- 
ered with  sterilized  non-absorbent  cotton  and  bandaged  with  g^auze 
rollers.  Nitzche's  linseed-oil  varnish  consists  of  i  part  of  lead  oxid 
dissolved  in  25  parts  of  boiled  linseed  oil,  to  which  is  added,  while  the 
oil  is  hot,  5  or  10  per  cent,  of  salicylic  acid.  This  is  painted  over  the 
burn  after  the  part  has  been  carefully  disinfected,  and  is  covered  by 
cotton  wool  held  firmly  in  place  by  a  bandajje.  Whatever  dressing  is 
employed,  the  same  rule  as  regards  redressing  holds  good  here  as 
elsewhere — -namely,  unless  special  indications  exist  demanding  it,  the 
less  often  redressing  is  done  the  better.  In  e.\tensive  bums  the  per- 
manent warm  bath  may  sometimes  be  employed  with  advantage. 

In  cases  in  which  extensive  and  deeply  burned  areas  are  present, 
involving,  for  instance,  a  considerable  portion  of  a  limb,  removal  by 
amputation  will  become  necessar>'.  The  amputation  should  be  per- 
formed as  soon  as  possible  after  the  symptoms  of  shock  have  subsided. 
The  removal  of  sloughs  is  always  indicated,  and  should  be  practised 
wherever  feasible,  both  in  order  to  get  rid  of  the  putrefying  masses  as 
rapidly  as  possible,  as  well  as  to  obtain  access  to  the  parts  beneath 
for  the  purposes  of  a  more  thorough  antisepsis.  The  poisonous  nature 
of  many  antiseptics  should  be  borne  in  mind,  and  caution  should  be 
exercised  in  making  applications  to  extensively  denuded  or  large 
granulating  surfaces.  Borosalicylic  .solution  (Thiersch's)  for  moist 
dressings,  and  simple  salicylic  gauze  for  dry  dressings,  fulfil  most  of 
the  indications,  and  are  comparatively  safe.  The  covering  of  large 
granulating  surfaces  with  skin  can  be  hastened  by  the  Thiersch 
method  of  skin-transplantation.  This,  as  well  as  the  method  of  trans- 
planting large  skin-flaps  with  pedicles,  constitutes  the  best  method 
of  preventing  cicatricial  deformities  resulting  from  contractures  or 
adhesions.  If  the.se  have  occurred,  they  should  be  treated  by  excision 
of  the  cicatrix  and  closure  of  the  defect  by  one  of  the  above-mentioned 
methods  of  skin-grafting. 

In  very  extensive  burns  involving  a  large  portion  of  the  body  atten- 
tion to  the  general  condition  is  demanded.  Here  supporting  measures 
and  remedies  designed  to  relieve  pain  form  necessary  adjuvants  to  the 
local  treatment.  Profound  collap.se  may  occur,  and  should  be  met  by 
the  administration  of  hot  alcoholic  drinks,  black  coffee,  etc.  The 
patient  is  to  be  wrapped  in  warm  blankets,  and  morphin  given  hypo- 
dermically  to  allay  pain  and  restlessness.  Auto  transfusion  (envelop- 
ing the  limbs  in  elastic  bandages  to  drive  more  blood  to  the  heart) 
may  be  useful.     Subcutaneous  .salt  infusion  has  been  recommended. 


X-RAY  BURNS. 

Certain  changes  are  produced  in  the  skin  by  exposure  to  an 
excited  vacuum  tube,  particularly  a  so-called  "  soft  tube  "  or  one  of 
low  resistance,  to  which  the  term  "  x-ray  burn  "  has  been  applied, 
Wliile  there  may  be  some  doubt  as  to  tlie  propriety  of  calling  these 
lesions  burns,  yet  they  arc  almost  universally  known  by  this  term,  and 
it  is  therefore  retained  in  this  connection. 
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The  changes  under  consideration  vary  with  the  length  and  intensity 
of  the  exposure.  According  to  Jutassy,'  hyperemia  only  may  result 
from  short  and  weak  exposures,  while  long  and  intense  exposures  are 
followed  by  ulceration.  The  lesions  nwy  assume  any  grade  of  severity 
of  dermatitis  between  these  two  extremes. 

The  striking  and  jXiculiar  feature  of  the  more  .severe  lesions  consists 
of  disturbances  of  the  structure  of  the  blood-vessels  themselves,  the 
necrosis  arising  from  x-ray  burns  diflering  in  this  respect  from  that 
arising^  from  other  causes  (Gassman).  The  walls  of  the  arterioles  and 
veins  arc  the  scat  of  a  deposit  of  fibrous  tissue,  whcrebj-  appreciable 
thickening  and  corresponding  narrowiTig  of  the  lumen  of  the  vessels 
are  produced.  The  dtgenerativc  process  extends  to  the  deeper  vessels 
as  well  as  to  those  peripherally  situated,  and  the  resulting  destructive 
lesion  corresponds  to  the  area  of  distribution  of  the  affected  blood- 
vessels. In  addition  to  the  mechanical  disturbances  incident  to  the 
narrowing  of  the  blood-vessels  from  fibrous  deposits,  and  the  resulting 
obliteration  of  the  capillaries,  the  results  of  irritation  of  the  peripheral 
sensor>'  nen-es,  with  impairment  of  the  vasoniotnr  system  of  the  aftccted 
areas,  and  .secondary  contraction  of  arterioles  and  consequent  impair- 
ment of  cell-nutrition,  are  not  to  be  ignored.  Further,  Destot  attrib- 
utes the  patholt)gic  changes  to  trophoneurotic  influences.  Bordier, 
in  experiments  upon  plants  and  animals,  found  that  exposure  to  the 
x-rays  inhibited  osmosis;  and  he  attributed  the  changes  in  the  tissues 
to  disturbances  of  nutrition  due  to  this  cause.  Kinally.  Howlctt,  and 
later  Judd,  claim  that  thuse  injurie.s  arise  from  the  action  of  currents 
generated  in  the  tissue  by  induction  from  the  tube — an  electrolysis  of 
the  parts. 

Symptoms. — The  necrosis  usually  commences  in  the  ccntcrof  the 
affected  area,  and  extends,  through  persistent  although  almost  imper- 
ceptible progression,  towarti  the  jjeriphery.  The  progress  made  is 
generally  remarkable  for  its  slowness,  Unna's  observations  upon  a 
case  of  x-ray  dermatitis  er}'themattjsa  led  to  the  belief  that  tlie  x-rays 
attacked  the  most  resistant  tissues  of  the  skin,  thus  explaining  the  long- 
continuing  cumulative  action. 

Other  histological  changes  include  atrophy  of  the  glandular  struc- 
tures of  the  skin  aiul  of  the  papilla;  of  the  liair. 

The  eflecl  of  the  exposure  to  llie  x-ray  tulie  does  not  manifest  itself 
at  once,  as  a  rule,  the  average  limt--  being  about  one  week.  In  (iass- 
man  and  .Schcnkcl's  case  a  progressive  gangrene  appeared  four  weeks 
after  the  exposure.  The  course  of  the  lesions  may  be  acute,  subacute, 
or  chronic.  A  simple  x-ray  dermatitis  may  heal  compardtively  quickly, 
while  a  necrobiosis  penetrating  deep  into  the  tissues  will  be  healed  only 
with  great  difficulty. 

The  development  of  the  lesion  may  be  characterized  by  lancinating 
pains,  sensations  of  heat  and  cold,  anesthesia  or  hyix'resthesia.  Patients 
with  x-ray  burns  will  sometimes  recall  that  a  pricking  sensation  was 
felt  during  the  exaniination.  A  simple  erythematous  blush  or  a  de- 
cided dennatitis  makes  its  appearance.  In  cases  that  go  on  to  mor- 
tification a  red  spot  appears  surrounded  by  macules,  vesicules,  or  pus- 
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tulcs.  Destruction  of  tissue  is  manifested  by  the  appearance  of  a  black 
slough,  which  may  be  superficial,  but  which  more  often  involves  the 
subcutaneous  connective  tissue. 

Tissues  in  which  the  vital  resistance  is  lessened  by  injury  are  more 
susceptible  to  the  deleterious  effects  of  the  x-ray.  The  lesions  arc  more 
or  less  painful,  and  the  process  of  healing  is  very  slow.  They  are  most 
apt  to  follow  prolonged  exposure  on  successive  days,  the  tube  being 
brought  close  to  the  skin. 

In  the  prevention  of  x-ray  injuries  care  should  be  taken  to  place 
the  vacuum  tube  2  or  3  feet  away  from  the  patient  when  the  fluores- 
cent screen  is  used,  and  3  feet  or  more  from  the  plate  in  taking  x-ray 
pictures.  Tesla  suggests  that  an  aluminum  screen  be  interposed  be- 
tween the  tube  and  the  patient,  this  being  grounded  by  being  con- 
nected by  means  of  a  wire  to  the  gas-pipe. 

The  treatment  consists  of  absolute  rest,  cleanliness,  massage,  and 
constitutional  support.  Excision  of  the  gangrenous  area  and  skin- 
grafting  may  be  necessary. 


EFFECTS  OF  UGHTNING. 

Lightning-stroke  is  the  passage  of  an  aerial  current  of  electricity 
through  the  body.  It  may  be  direct,  as,  for  instance,  when  the  bocfy 
receives  the  direct  electrical  discharge ;  or  indirect,  when  air-induced 
electrical  shock  occurs  in  the  body,  direct  discharge  being  received  by 
some  contiguous  object,  as  a  tree. 

The  accident  occurs  with  greater  frequency  in  sparsely-settled  dis- 
tricts and  where  there  are  comparatively  few  objects,  such  as  trees, 
tall  buildings,  etc.,  which  .serve  to  convey  the  electrical  currents  in  the 
atmosphere  to  the  earth  in  divided  portions  rather  than  in  an  accumu- 
lated discharge.  The  great  majority  of  individuals  affected  are  struck 
while  at  work  in  the  open  fields,  although  it  may  happen  at  sea,  and 
even  to  divers  at  work  beneath  the  water.  The  annual  loss  of  life 
throughout  the  world  from  lightning-stroke  is  very  great 

Those  subjected  to  direct  lightning-stroke  perish  almost  imme- 
diately, in  the  va.st  majority  of  cases.  Including  all  cases,  both  direct 
and  indirect.  72  per  cent,  prove  fatal. 

The  effects  of  lightning  upon  the  organism  differ,  according  to 
whether  the  purely  electrical  or  the  burning  action  predomintites.  In 
direct  stroke  the  effects  are  sometimes  most  extraordinary'.  In  addi- 
tion to  the  burning,  which  may  vary  from  a  simple  drying  of  the  epi- 
dermis to  extensive  and  deep  burns,  there  may  be  a  tearing,  lacerating 
action,  which  sometimes  produces  the  most  terrible  destruction,  such 
as  the  rupture  of  large  vessels,  and  even  the  complete  severing  of  a 
limb  from  the  body.  There  is  also  paralysis  of  respiration  and  circu- 
lation. In  some  instances  of  indirect  stroke  the  effect  is  similar  to 
that  produced  by  exposure  to  the  current  from  a  dynamo.  For  a 
given  intiividual  in  a  normal  condition  of  health  a  definite  amount  of 
electrical  energy,  of  whatever  kind  it  be,  will  produce  fatal  results. 
The  inlliction  of  a  violent  electric  shock  upon  the  nerve-centers  gov- 
erning res])iration  results  in  a  su.spenslon  of  the  latter,  just  as  in  ex- 
treme cerebral  concussion.     In  aiklitlon  to  this  the  effect  of  the  elec- 
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iricity  is  to  contract  the  arteries  and  increase  the  blood-pressurc. 
I'-xpcrimcnts  made  \ipon  dogs  seem  to  sln>w  that  the  inert-  passage 
of  a  current  surtlciciit  trj  cause  death  does  nnt  produce  any  anatfim- 
ical  disintegration  (lileilc).  Certain  (•licinalims  iind  flevattcl  branchin<j 
lines  t'lf  a  brownish-red  color  are  sometimes  observed  diverging  in  a 
zigzag  direction  from  the  point  where  the  current  is  supposed  to  have 
entered  the  1     !  ;    irutl;!  ■  i!ic  so-caltcd  lightntiig-marks  (Kig.  31). 
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Vv..  ji  — IJghliiinK-marks. 

Tbcsc,  according  to  RoUet.  are  the  result  of  the  setting  free  of  the 
coloring  matter  from  the  rctl  blood-corpuscles  in  the  hnc  of  the  hght- 
ning-strokc.  the  coloring  matter  transuding  through  the  wails  of  the 
vessels  and  their  brandies. 

SjTnptoms. — When  tlie  lightning-stmkc  is  not  imnH-diately  fatal. 
the  patient  sutTers  all  the  phenomena  of  profound  shock.  Scnti-un- 
consdousness,  or  even  profound  coma,  may  last  from  a  few  hours  to 
several  days.  Localized  anesthesia,  paralysis,  dysphagia,  disturbance.'? 
of  vision,  and  other  nervous  phenomena  are  observed.  These,  with 
the  cxcciJtion  of  the  visual  syniptums,  are  usually  lransitor>*.  Light- 
ning-jKiralysis  is  generally  recovered  from  in  a  few  days  or  weeks,  save 
when  the  iwralysi.s  is  only  indirectly  due  to  the  lightning-stroke,  the 
direct  cau^e  being  a  hemorrhage  into  the  brain  or  spinal  curd.  The 
Rrst  stagc,of  lightning- para  lysis  is  chanicterized  by  direct  injur)'  to  the 
nerves  or  muscles;  in  the  second  stage  there  arc])resent  the  conditions 
of  a  traumatic  neurosis.  In  case-s  which  eventual!)-  prove  fatal,  death 
restrlts  from  cerebral  heniurrhagic  or  other  efrusii>ji.  from  hemnrrhage 
from  ruptured  vessels  elsewhere  than  in  the  brain,  from  the  shock  of 
the  severe  injuries  sustained,  or  from  the  ultim^tte  effcct.s  of  the  inj\iries. 
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Treatment, — The  constitutional  symptoms,  shock,  etc.,  of  light- 
ning are  to  be  treated  symptomatica! ly.  Such  stimulating  measures 
as  hypodermic  injections  of  strychnin,  small  doses  of  morphin,  strong 
coffee,  cither  per  os  or  per  rectum,  should  be  employed. 

SHOCK. 

Ssmcope  and  Collapse. — The  terms  syncope  and  collapse  repre- 
sent conditions  which,  surgically  considered,  are  generally  more  or  less 
allied.  For  convenience  of  study,  as  well  as  for  all  practical  purposes, 
syncope,  with  its  fainting,  pallor,  and  temporary  unconsciousness,  may 
be  considered  as  the  first,  and  collapse,  with  its  extreme  impairment  of 
all  the  vital  processes  occurring  as  the  precursor  of  death,  may  be 
considered  as  the  last  stage  of  the  condition  known  as  shock.  The 
condition  of  syncope  may  be  so  profound,  however,  that  consciousness 
is  not  regained,  the  patient  passing  directly  into  the  stage  of  collapse 
without  the  occurrence  of  the  intermediate  stage. 

Shock. — Shock  is  a  peculiar  state  of  reflex  depression  of  the  vital 
functions,  especially  of  the  circulation.  It  is  suddenly  developed,  as  a 
rule,  and  is  due  to  nervous  exhaustion  resulting  from  severe  irrita- 
tion of  the  peripheral  ends  of  sensory  and  sympathetic  nerves  follow- 
ing an  injury.  The  condition  is  essentially  one  of  inhibition  of  nerve- 
force  and  reflex  paralysis.  There  is  apparently  exhaustion  of  the 
medulla  oblongata  and  spinal  cord,  followed  by  marked  lowering  of 
the  vital  powers.  Goltz's  experiments  show  that  paralysis  of  the  vaso- 
motor centers  in  the  medulla  is  the  essential  feature,  and  that  this  is 
produced  in  a  reflex  manner  by  violent  disturbances  of  the  sensory 
nerves.  Mechanical  irritation  or  stimulation  of  the  sensory  nerves 
temporarily  lessens  the  activity  of  the  corresponding  nerve-centers, 
which  become,  according  to  the  extent  of  the  irritation  and  degree  of 
the  reflex,  either  altered,  weakened,  or  paralyzed.  The  varj'ing  degrees 
of  shock,  therefore,  arc  dependent  upon  the  severity  of  the  irritation, 
as  well  as  upon  the  length  of  time  which  this  continues  in  existence. 
These  degrees  may  range  from  a  mere  temporary  faintness  from  anemia 
of  the  brain,  lasting  only  a  few  moments  (syncope),  to  a  profound,  con- 
tinued, and  finally  fatal,  suspension  of  function  or  vital  depression 
(collapse). 

With  diminution  or  paralysis  of  the  vascular  tone,  particularly  in 
the  arteries,  and  the  coincident  weakness  of  the  heart's  action,  the 
blood  is  unequally  distributed,  and  the  circulatory  balance  is  di.sturbed. 
The  veins,  particularly  those  of  the  abdomen,  become  overfilled  from 
gravitation,  the  right  side  of  the  heart  becomes  gradually  distended, 
and  the  quantity  of  blood  in  the  arteries  is  correspondingly  lessened. 
As  a  result  of  this  tlic  lungs  and  brain  suflcr  from  anemia,  and,  in  the 
event  of  the  condition  persisting,  the  heart's  action  ceases. 

The  conditions  of  pain,  fear,  and  shock,  though  apparently  widely 
different,  have  much  in  common.  The  same  pupillary,  respiratory, 
voluntary'  motor,  cardiomuscular,  nutritive,  and  psychical  phenomena, 
are  common  to  all  three. 

In  addition  to  the  above  condition,  which  is  spoken  of  as  corporeal 
shock,  there  is  another  form,  in  which  the  depression  is  due  to  emo- 
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tional  causes,  and  which  is  known  as  psychic  shock.  Finally,  both 
may  be-  combined  in  a  case  of  shock. 

Symptoms. — These  may  supcn'cnc  almost  immediately  upon  the 
recfption  of  an  hijur>',  or  toward  the  close  of  art  operation.  In  the 
latter  case  they  may  cither  make  their  first  appearance  upon  the  occur- 
rence of  a  sudden  or  larjTC  loss  of  blood,  or  else  the  symptoms  may 
come  on  insidiously  (delayed  shock).  The  characteristic  symptoms 
are  pallor  of  the  skin  and  visible  mucous  membranes ;  loss  of  facial 
expression  ;  eyes  dtill  and  pupils  tiilated,  only  slowly  reacting  to  light ; 
head  bathod  in  a  cold  perspiration;  complete  muscular  relaxation; 
feeble,  irregular,  and  sighing  respirations ;  delayed,  irregular,  and 
weakened  heart-action;  diminished  sensibilit>',  the  patient  ceasing  to 
complain  of  pain,  and  sometimes  semi- unconsciousness ;  coldness  of 
the  expired  breath  and  of  the  surface  of  the  body;  subnormal  body- 
temperature;  and  mental  torpor.  Occasionally  nausea  and  vomiting 
are  observed- 

The  above  symptoms  are  present  in  the  majority  of  cases,  and  con- 
stitute what  is  known  as  the  ajwthetic  or  torpid  form  of  .shock.  The 
mental  torpor  is  sometimes  replaced  by  a  more  active  train  of  symp- 
toms. Under  these  circumstances  the  patient  is  excited  and  restless, 
tossing  himself  around  in  the  bed.  and  shrieking  and  crj'ing  out  in 
maniacal  delirium.  During  all  this  time  he  may  have  a  thready  or 
almost  imperceptible  pulse,  and  irregular,  shallow  respirations. 

The  pallor  and  coldness  of  the  surface  in  shock  are  due  to  altera- 
tions in  nutrition  which  depend,  in  their  turn,  upon  trophic  disturb- 
ances. The  arrest  of  tissue-metamorphosis  leads  to  respiratory  disturb- 
ances, the  blood,  through  loss  of  its  nourishing  properties,  being  no 
longer  capable  of  properly  stimulating  the  n*spinilory  centers.  Reflex 
'mydriasis  is  always  present  in  any  painful  irritation. and  is  due  to  <»ver- 
stimulation  of  the  sensitive  nerves.  Tlie  muscular  relaxalimi.  or  weak- 
ness of  the  voluntary  muscular  system,  is  due  to  inhibition  of  ihe 
motor  centers  following  peripheral  irritation,  and  is  analogous  to  the 
arrest  of  the  respirator^'  muscles  on  the  affected  side  in  pleuropneu- 
monia (Likorsky),  The  cardiomuscutar  synipttmis  emphasize  the 
peculiar  and  especial  sensitiveness  of  the  vasomotors.  Vascular  spasm 
is  soon  fojjowetl  by  vasomotor  paralysis.  A  fall  ot*  blocuj-pressure  and 
diminution  of  the  nnmber  and  strength  of  the  heart-pulsations  follow. 
The  mental  apathy  is  ilue  to  the  dcprcs.sion  of  the  psychical,  as  the 
[other  symptoms  to  that  of  the  physiological,  functions. 

In  the  cases  in  which  the  supposed  shock  comes  on  more  gradu- 
ally, the  symptoms  may  really  he  due  to  hemnrrhagc.  The  condition 
of  delayed  shock  is  said  tu  occur  in  cases  in  which  the  [^>atient  was  ex- 
posed to  great  danger,  and  yet  escaped  with  slight  physical  harm.  The 
patient  may  give  a  history  of  being  able  to  move  about  at  first  without 
much  diflicuUy.  the  shock  supcr\'cning  insidiously.  Symptoms  due  to 
delayed  shock  arc  rarely,  if  ever,  observed  following  operative  proced- 
ures. They  do.  however,  occur  rather  frequently  following  railroad 
accidents,  and  form  a  basis  for  some  of  the  cases  of  so-called 
traumatic  neuroses  which  often  constitute  (art  tif  the  contention  in 
suits  to  recover  damages  for  [wrsonal  injuries.     In  this  cla.ss  of  cases 
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there  is  frequently  room  for  suspicion  of  exaggeration,  if  not  of  down- 
right simulation. 

The  condition  of  shock  may  persist  for  from  two  to  twenty-four 
hours.  The  stage  of  reaction  is  announced  by  improvement  in  the 
pulse,  both  as  regards  its  rapidity  and  strength,  and  a  more  or  less 
pronounced  rise  in  temperature.  Should  the  latter  exceed  the  normal, 
as  it  frequently  does,  it  will  soon  fall  again.  The  formerly  much 
dreaded  "excessive  reaction"  following  the  shock  of  operation  is  now 
known  to  be  due  to  septic  inflammatory  conditions,  and  is  rarely  en- 
countered, comparatively  speaking.  The  recover}',  in  uncomplicated 
cases  of  shock,  is  usually  rapid.  In  the  course  of  a  few  hours  the  im- 
provement is  so  pronounced  that  danger  from  this  source  is  no  longer 
to  be  feared.  Mental  .symptoms,  however,  sometimes  persist  for  a 
longer  or  shorter  time ;  though  perfect  recovery  takes  place  eventu- 
ally. 

In  cases  complicated  with  large  losses  of  blood  and  severe  injuries 
to  important  parts,  particularly  the  brain,  as  well  as  cases  of  prolonged 
and  severe  operative  procedures  involving  vital  organs,  the  condition 
of  shock  may  pass  into  that  of  collapse  and  end  in  death.  Tempera- 
ture observations  should  be  carefully  made.  If  the  fall  of  temperature 
following  an  operation  is  but  one  degree  or  less,  recover)'  will  probably 
ensue ;  if  three  or  more  degrees,  a  fata!  result  may  be  expected. 

IHag^OSis. — As  between  corporeal  and  psychic  shock  the  history 
of  the  case  will  establish  the  diagnosis.  Shock  from  purely  emotional 
causes  Is  rarely  so  profound  and  prolonged  as  to  involve  danger  to  life. 
Those  more  common  nervous  conditions  involving  manifestations  of 
extreme  fright,  as  well  as  those  symptoms  which  occur  from  dangerous 
chloroform  or  ether  narcosis  or  which  follow  severe  hemorrhage,  arc 
to  be  carefully  differentiated  from  true  shock. 

Shock  should  be  carefully  diagnosed  from  fat-emboUsm.  Its  oc- 
currence immediately  after  the  injur}',  as  a  rule,  as  compared  to  the 
period  at  which  the  symptoms  of  fat-embolism  make  their  appearance — 
namely,  from  thirty-six  hours  to  three  days,  will  serve  to  differentiate 
the  two  conditions. 

Treatment  of  Shock. — As  a  routine  measure  for  the  prevention 
of  post-operative  shock,  the  patient  should  be  kept  warm  in  bed  for 
several  hours  before  the  operation.  As  cardiac  .stimulants  a  -j^grain 
dose  of  str\'chnin  and  3  grains  of  caffein  citrate  should  be  given  hypo- 
dermically  an  hour  beforehand,  as  a  part  of  the  routine  of  preparation. 
A  cup  of  hot,  strong  coffee  may  also  be  given  at  this  time  with  advan- 
tage, to  prevent  the  depressing  effects  of  the  ether.  Opium  by  the 
mouth,  or,  better  still,  morphin  hypodurmically,  is  urged  by  some  as  a 
useful  preliminary  measure  to  fortify  the  heart  and  nervous  system. 
The  operating-room  should  be  warm,  and  the  operating-table  may  be 
heated  by  hot-water  bottles.  One  of  the  especially  constructed  tables 
designed  to  keep  up  artificial  heat  during  the  operation  may  be  cm- 
ployed. 

Much  may  be  done  in  preventing  shock  by  the  method  of  conducting 
the  operation  itself.  The  tendency  of  modern  surgery,  with  its  many 
and  often  unnecessarily  elaborate  details  of  antiseptic  technic,  ts  to 
encourage  the  occurrence  of  shock.    The  employment  of  dry  sterilized 
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towels  and  sheets  to  isolate  the  field  of  operation  rather  than  those 
wet  with  antiseptic  solutions,  is  to  be  preferred,  in  order  to  prevent  the 
undue  abstraction  of  heat.  For  the  snnit;  reason  dry  methods  of  oper- 
ating, and  the  avoidance  of  irrif^ation  as  much  as  possible,  should  be 
insisted  upon.  The  trunk  in  particular  i.%  to  be  protected  a^^ain-st  chilHng, 
only  a  sufficient  portion  being  txposed  for  the  purpose  of  the  opera- 
tion. The  lower  extremities,  when  not  the  object  of  ojjerativc  attack, 
should  be  covered  with  warm  stockinjjs  and  drawers  or  bandaged  with 
cotton  wadding  and  Hannel  rollers.  Prolonged  exposures  of  such  or- 
gans as  the  brain  or  intestines  will  scrx'e  to  induce  shock.  During  ail 
long  operations,  Uie  employment  of  a  hot  stimulating  enema  (whiskey 
and  water)  is  advisable,  without  waiting  for  the  development  of  symp- 
toms of  shock.  With  the  (xrrfect  sy.stem  of  installation  and  organization 
which  marks  the  modern  well-equipped  hospital,  and  that  simplification 
of  operative  technic  which  aims  to  accomplish  the  desired  object  in 
the  shortest  possible  space  of  time,  the  precision  of  the  surgeiy  of 
to-day  may  be  so  combined  with  the  speed  which  characterized  the 
surgery  of  the  past  generation,  that  post-operative  shock  will  be  as 
rare  an  occurrence  as  post-operative  sepsis. 

If  there  is  especial  reason  to  fear  the  supervention  of  dangerous 
shock  in  any  given  case  of  contemplated  operation,  the  suggestion  of 
Professor  Ste]ihen  Smith  may  be  followed  of  stiuiulaliiig  the  jwtient 
for  several  hours  beforehand  by  means  of  hot  alcoholic  drinks.  An 
ounce  of  brandy  or  whiskey  is  to  be  given  in  a  glass  of  hot  milk  ten 
hours  before  the  time  appointed  for  the  operation,  and  repeated  two  or 
three  times  at  intervals  of  two  hours,  unless  symptoms  of  intoxication 
appear.  The  method  of  storing  blood  in  the  extremities  by  the  pre- 
liminary application  of  a  touniiquet,  with  the  view  of  permitting  the 
blood  to  escape  into  ilie  general  circulation  it)  an  cntergency  during 
the  operation,  allhough  of  service  in  cases  nf  hemorrhage  and  in  d;m- 
gcrous  chloroform  narco.sis,  is  of  doubtful  utility  as  a  preventive  of 
shock. 

When  the  conditions  of  extreme  shock  are  present  following  an  in- 
jury, the  administration  of  an  anesthetic  is  contraindicatcd.  The  effect 
of  the  anesthetic  may  be  suf^cieiit  to  stop  completely  the  pulsations 
of  an  already  weakened  heart-action.  Whatever  operative  procedure 
is  absolutely  necessary,  as,  for  instance,  for  arrest  of  hemorrhage,  should 
be  carried  out  without  an  anesthetic. 

In  the  treatment  of  shock  the  patient  should  be  laid  flat  upon  his 
back  and  the  entire  body  tilted,  head  downward,  to  a  decided  angle. 
Should  venous  congestion  of  the  face  occur  while  the  patient  is  in  this 
l>osition,  the  latter  may  be  modified,  or  the  boily  placed  upon  a  level  if 
nccessar\'.  lllood  should  be  forced  into  the  more  vital  parts  by  rub- 
bing-movements in  the  direction  of  the  trunk.  Dry  heat  is  to  be 
applied,  but  caution  should  be  obscr\x*d  not  to  expose  the  patient  to 
the  danger  of  bums.  Sinapisms  may  be  applied  to  the  extremities ; 
but  should  t>e  used  cautiously,  for  the  reason  that  over-stimulation  of 
the  ijeripheral- nerve  distribution  may  residt  in  increasing  the  shock. 
Clollis  wrung  out  of  hot  mtistanl  water  may  be  applied  to  the  pr<-cor- 
dial  region.  If  the  patient  can  swallow,  warm  stimulating  drinks  should 
be  given — strong  coffee,  wine,  or  whiskey  and  water,  as  hot  as  can  be 
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taken.  If  he  is  unable  to  swallow,  or  there  is  risk  of  the  fluids  [^sing 
into  the  larynx,  these  should  be  given  by  enema.  An  enema  consisting 
of  an  ounce  of  whiskey,  from  3  to  6  grains  of  musk,  and  1 5  or  20  drops 
of  tincture  of  opium,  added  to  a  cup  of  strong  coffee  and  thrown  into 
the  rectum  is  of  great  value.  In  the  meanwhile,  available  remedies  de- 
signed to  stimulate  the  heart's  action  and  the  respiratory  centers  are  to 
be  given  hypodermically.  Of  these  the  most  valuable  are  strychnin 
and  atropin.  The  former  may  be  given  in  •^,  or  even  -^-grain,  and 
the  latter  in  -j^r-grain  doses.  Camphor  dissolved  in  ether  and  extract 
of  calabar  bean  are  also  recommended.  Nitroglycerin  in  -j-^^-grain 
doses  hypodermically  and  inhalations  of  amyl  nitrite,  particularly  the 
latter,  are  stated,  upon  theoretical  grounds,  to  aid  in  the  relief  of  the 
vasomotor  spasm  of  the  cerebral  capillaries.  The  dose  of  amyl  nitrite 
by  inhalation  can  scarcely  be  accurately  regulated,  but  a  few  drops  may 
be  placed  upon  the  corner  of  a  napkin  and  inlialed.  If  marked  flush- 
ing of  the  face  occurs  the  remedy  is  said  to  have  accomplished  its 
object.  I  have  never  observed  marked  evidences  of  benefit  from  the 
use  of  this  drug.  The  fumes  of  strong  ammonia  are  to  be  employed 
with  caution. 

Tincture  of  digitalis  is  to  be  given  by  the  mouth  in  lo-drop  doses, 
whenever  possible.  The  patient  can  usually  take  care  of  it,  if  it  be 
administered  drop  by  drop  upon  the  back  of  the  tongue  and  allowed 
to  trickle  down  the  throat.  In  the  event  of  failure  to  administer  it  in 
this  way,  it  may  be  given  hypodermically,  after  dilution  (1  to  4  parts) 
with  whiskey. 

In  the  employment  of  these  powerful  drugs  the  possibility  of  their 
failure  to  act  for  a  certain  length  of  time,  after  which  a  cumulativ'c 
effect  may  result,  should  be  borne  in  mind  to  the  end  that  caution  be 
exercised  not  to  repeat  the  dosage  too  often  or  at  too  short  intervals. 
In  this  connection  the  experiments  of  Roger  are  interesting.  This 
observer  produced  the  condition  of  shock  in  frogs  by  means  of  the 
discharge  from  a  Ixyden  jar,  and  noted  the  interesting  fact  that  the 
spinal  cord  and  muscular  apparatus  became  insensitive  to  the  stimuli 
which  affect  these  structures  ordinarily,  as,  for  instance,  strychnin  in 
the  case  of  the  spinal  cord,  and  veratrin  in  that  of  the  muscles.  Either 
the  tissues  arc  unable  to  react,  which  can  scarcely  be  true  of  the  mus- 
cles, or,  more  probably,  the  .stimulating  agent  docs  not  pass  from  the 
blood  to  the  tissues.  Failure  of  absorption  cannot  explain  it,  since  the 
agents  are  found  circulating  with  the  blood.  These  obser\'ations 
throw  some  light  upon  the  well-known  fact  that  powerful  stimulating 
remedies  frequently  fail  to  act  in  the  presence  of  profound  shock. 
With  the  subsidence  of  the  conditions  which  prevent  them  from  acting, 
the  drugs,  after  repeated  administration  of  the  usual  remedial  dose, 
may  exert  a  toxic   effect. 

If  death  threatens  from  failure  of  the  resjiiratory  act,  in  addition  to 
hypodermic  injections  of  atropin,  artificial  respiration  may  be  practised. 
In  addition  to  this  the  jjhrenic  nerve  may  be  subjected  to  faradization, 
one  pole  of  the  induction  coil  being  applied  over  the  phrenic  nerve  at 
the  root  of  the  neck,  and  the  other  at  the  diaphragm. 

In  cases  of  the  so-called  erethistic  or  restless  tj'pe,  in  addition  to 
the  employment  of  the  usual  remedial  measures,  the  administration 
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of  morphiii  in  J-Rrain  doses  will  be  of  great  \-nhn;.  Undue  and  sud- 
den reaction  is  sometimes  observed  in  this  class  of  cases,  and  should 
be  carefully  guarded  against. 

Intravenous  saline  infusions,  according  to  Crile.  cause  an  increase  in 
llie  venous  pressure  in  the  vena  cava,  the  filling  of  the  chainl)ers  of 
the  heart  being  folloueil  by  an  increase  in  the  force  of  the  contractions 
and  by  a  rise  of  the  blood  pressure  generally.  In  regulating  the 
quantity  to  be  employed  for  shock  following  an  operation,  the  sui^eon 
is  to  be  guided  by  the  effect  upon  the  pulse,  smaller  quantities  being 
employed,  and  repealed,  if  necessary,  as  required.  The  value  of  these 
injections  is  wholly  mechanical.  In  Crile's  cxperimenls  quantities  up 
to  twice  the  amount  of  blood  calculated  to  be  present  in  the  animal 
were  given  l>efore  the  increased  blood-pressure  was  sustained.  The 
continued  use  of  small  and  frequently  repeated  doses  of  str>'chnin 
given  hypodcrmatically,  and  of  intraxcnous  or  intracellular  infusions 
of  saline  solution,  is  most  effectual.  Over-stimulation  is  followed  by 
a  greater  depression,  and  gives  rise  to  hemorrhage  from  the  operation 
wound,  or  from  the  site  of  separated  adhesions  in  abdominal  opera- 
tions, 

FAT-EMBOLISM. 

During  life  the  fat-globules  of  the  body  represent  a  drop  of  oil  en- 
closed in  3  vesicle.  Under  the  circumstances  of  an  extensive  crushing 
injury  a  certain  amount  of  fat  may  enter  the  circulation  through  veins 
which  are  colncidently  injured,  or  by  absorption  of  the  lympb-clxaii- 
nels.  The  fat,  In  the  great  majority  of  cases,  is  the  medullary-  sub- 
stance of  a  bone,  which  has  become  broken  up  in  connection  with 
multiple  fractures,  or  the  crushing  of  a  simple  large  bone.  The  fat 
may  also  be  supplied  by  the  subcutaneous  layer,  the  liver,  brain,  etc. 
Whatever  the  source,  the  condition  is  almost  always  due  to  traumatism. 
The  instances  in  which  it  has  its  origin  in  inflanmiatory  or  degenera- 
tive conditions  arc  rare.  Osteomyelitis  is  said  to  produce  it.  Kat- 
cmbolism  is  more  apt  to  occur  in  injuries  to  bones  for  the  reason  that, 
not  only  is  there  a  large  anioiinl  of  fat  in  the  medulla,  but  large  veins 
which  do  nol  easily  collapse  are  al.so  present.  Fat-eniboltsm  probably 
occurs  to  a  greater  or  less  extent  in  every  case  of  fracture,  and  in 
many  other  traumatisms  as  well — viz.,  lacerations  of  the  soft  parts, 
rupture  of  fatty  liver,  surgical  operative  procedures,  etc. 

Upon  entering  the  circulation  the  fat  is  first  carried  to  the  lungs, 
where  the  larger  part  of  it  remains.  A  portion  of  the  fat.  however, 
may  traverse  the  pulmonar)*  capillaries  and  be  arrested  in  the  brain, 
the  spinal  cord,  the  kidneys,  the  muscular  structure  of  the  heart,  and 
other  organs.  Blocking  of  the  capilliir>-  circulation  in  tlie  lungs  may 
result  from  an  abundance  of  fat  and  from  high  arterial  pressure.  In 
the  case  of  the  kidneys  the  fat  passes  into  the  capillaries  of  the  glo- 
meruli and  is  excreted  bj*  the  urine.  The  fat  may  likewise  be  found 
in  the  bile.  Small  ecchymotic  hemorrhages  in  the  liver  and  brain  are 
sometimes  foimd  post-morleni.  Occlusion  of  the  blood-vessels  of  the 
myocardium  b)'  the  fat  results  in  a  fatty  degeneration  which  sometimes 
may  be  detecte<i  macroscopically  In  the  sliape  of  dull  sjMJts^ 

Symptoms. — The  symptoms  of  fat-embolism  may  appear  as  early 
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as  thirty-six  hours  after  the  injury  (Park),  or  they  may  be  postponed 
to  the  fifth  day.  The  countenance  is  at  first  pale,  and  the  facial  ex- 
pression anxious.  The  arrest  of  fat  in  the  pulmonary  circulation  pro- 
duces dyspnea  and  rapid  breathing,  and  finally  cyanosis.  This  may 
be  associated  with  Cheyne-Stokes  respiration,  with  muscular  twitch- 
ings,  and  paralysis  of  certain  muscles  suggesting  cerebral  edema  as  a 
complication.  Symptoms  of  edema  of  the  lungs  are  present,  and  in 
some  instances  foam  tinged  with  blood  issues  from  the  mouth. 
Hemoptysi.s  is  only  of  occasional  occurrence.  The  heart's  action  is 
increased  and  becomes  irregular,  and  there  may  be  a  rise  of  temper- 
ature, but  this  is  not  characteristic.  There  is  usually  at  first  mental 
excitement,  but  this  soon  gives  place  to  somnolency,  and,  in  fatal  cases, 
to  coma.     Fat-globules  are  found  in  the  urine. 

Diagnosis. — This  condition  will  be  suspected  if  the  group  of 
symptoms  described  conies  on  after  any  injury  involving  the  bony 
structures,  and  perhaps  in  other  extensive  injuries  as  well.  The  symp- 
toms should  not  be  nii.staken  for  shock  following  fracture,  nor  for  pul- 
monary embolism.  The  time  of  the  occurrence  of  the  symptoms  will 
aid  in  the  differential  diagnosis.  The  shock  following  a  fracture  usually 
develops  within  the  first  three  hours,  and  is  rarely  delayed  beyond  this 
time ;  fat-embolism  may  occur  in  exceptional  instances  as  early  as 
thirty-six  hours,  but  as  a  rule  it  is  delayed  for  three  days ;  pulmonar)' 
embolism  is  an  occasional  complication  of  fracture  occurring  in  the 
third  week,  and  depends  upon  the  displacement  of  a  portion  of  a 
thrombus  following  injury  to  a  vein,  the  loosened  portion  migrating 
to  the  lung  and  causing  death  by  obstructing  the  pulmonarj'  arter>'. 
In  general  terms,  therefore,  the  time  for  the  occurrence  of  these  com- 
plicating sequela;  in  fractures  is,  for  shock  three  hours,  for  fat-embol- 
ism three  days,  and  for  pulmonary  embolism  three  weeks  (Dennis). 
Exceptionally,  the  supply  of  fat  may  be  intermittent  and  occur  at  dif- 
ferent stages  of  the  repair  (Heuter-Lossen). 

The  elimination  of  the  fat  by  the  urine  after  being  forced  through 
the  lungs  and  carried  thence  to  the  kidneys  forms  the  basis  for  the 
most  valuable  diagnostic  point  in  this  condition.  The  fat  is  found 
floating  upon  tlie  surface  of  the  urine  in  the  shape  of  oil-like  drops. 
In  doubtful  cases  in  which  the  symptoms  are  cerebral  and  cardiac 
rather  than  markedly  pulmonarj'  in  character,  the  discovery  of  fat  in 
the  urine  is  positive  evitlence  of  fat-embolism.  In  cases  in  which  the 
classical  symptoms  of  difficult  respiration  and  embarrassed  heart-action 
are  present,  the  presence  of  fat  in  the  urine  completes  the  clinical 
picture. 

Prognosis. — Although  fat-embolism  may  terminate  fatally,  death 
from  this  cause  alone  occurs  but  rarely.  Mech.'  however,  has  collected 
15  cases  in  which  ever}'  other  cause  of  death  could  be  excluded. 
ICxperiments  made  upon  animals  .show  that  an  amount  of  fat  equal  to 
three  limes  that  contained  in  the  thigh,  slowlj'  injected,  is  necessary  to 
produce  death;  injected  rajiiilK-  a  smaller  amount  suffices  (Ribbert). 
Death  usually  takes  place  from  interference  with  the  circulation,  al- 
though Scriba  asserts  that  the  fatal  result  is  invariably  due  to  changes 
in  the  central  nervous  system.    Tlie  cardiac  lesions  found  upon  autopsy 
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arc  always  associated  ivitli  pulmonary  and  cerebral  conditions  sufficient 
of  themselves  to  cause  death;  there  is  therefore  no  means  of  deter- 
mining whether  or  not  these  alone  are  competent  to  bring  about  a  fatal 
issue. 

Treatment.— The  lirst  indication  is  absolute  physiological  rest  of 
the  injured  parts,  to  prevent  fiirtlier  breaking  up  and  dissemination  of 
fiit.  This  must  be  secured  at  all  liazards,  forced  mechanical  restraint 
being  employed  if  the  juljcnt's  state  demands  it,  as.  fur  instance,  in 
conditions  of  delirium,  etc.  The  next  most  important  indication  re- 
lates to  the  stimulation  of  the  heart's  action,  in  order  thai  the  fat  may 
be  forced  from  the  venous  to  the  arterial  system,  where  it  may  undergo 
either  oxygenation  or  saponification  through  the  medium  of  the  alka- 
line constituents  of  the  blood.  The  ordinary  cardiac  stimulants,  such 
as  alcohol,  digitalis,  and  str)xhniiv,  are  to  be  employed.  In  addition  to 
these,  inhalations  of  oxygen  may  be  useful  (Park).  Cupping  will  assist 
in  relieving  the  dyspnea.  The  administration  of  ether  in  the  form  of 
Hofiinan's  anodyne,  or  its  use  by  hypodermic  injection,  is  suggested. 
Finally,  in  cases  in  which  there  is  extensive  comminution  of  bone, 
making  it  difficult  to  maintain  the  parts  at  perfect  rest,  continued  disin- 
tegration and  entrance  of  fat  into  the  circulation'may  constitute  a  vital 
indication  for  amputation. 
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THE  REPAIR  OF  SPECIAL  TISSUES. 

The  Skin  and  Subcntaneous  Connective  Tisane.— Contu- 
sions.— (.Jwing  to  the  great  elasticity  of  the  skin,  force  applied  to  its 
surface  by  a  blunt  object  may  produce  a  solution  of  continuity  of  the 
structures  beneath  without  separation  of  the  skin  itself.  These,  as 
well  a.5  crushing  eflccts.  may  also  lead  to  rupture  of  blood-vessels  and 
hemorrhage  into  the  subcutaneous  connective  tissue  (hematoma).  The 
presence  of  long  clastic  fillers  in  the  subcutaneous  connective  tissue 
will  account  for  this  power  of  resistance  to  injur)-'  possessed  by  the  skin. 

The  arrangement  and  extent  of  these  fibers  are  not  the  same  in  all 
portions  of  the  surface  of  the  body,  but  tend  to  follow  the  direction  of 
the  muscles  of  a  part.  The  fibers  pursue  a  course  almost  parallel  with 
tlic  limb  in  the  extremities;  upon  the  trunk  they  arc  irregularly  dis- 
tributed as  regards  direction ;  while  aliout  the  niovith  and  eyes  they 
follow  the  course  of  the  fil>ers  of  the  orbicular  muscles.  In  the 
patellar  region  and  about  the  olecranon  the  elastic  fibers  pass  in  a  con- 
centric direction. 

Wounds  of  the  Skin. — The  manner  in  which  wounds  of  the  skin 
will  gape  will  depend  upon  the  location  of  the  wound  and  the  direction 
in  which  it  divides  the  elastic  fibers.  The  maximum  amount  of  gaping 
occurs  when  the  wound  is  u|>on  an  extremity  and  passes  at  right  angles 
to  the  direction  of  these  fibers,  and  the  minimum  amount  when  it 
passes  in  the  same  direction  as  the  ela.stic  fibers,  so  that  but  few  of  the 
latter  are  divided.  The  proximity  of  the  wound  to  one  of  the  gingly- 
moid  or  hinge-like  joints  will  likewise  govern  the  amount  of  gaping. 
When  in  the  neighborhood  of  the  elbow-  or  knee-joint,  tension  upon 
the  convex  side  of  (he  articulation  will  tend  to  increase  the  sepjiration 
of  the  woimd-cdges.     In  the  sole  of  the  foot  and  palm  of  the  hand 
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the  fibrous  structure  of  the  connective  tissue  is  so  arranged  as  to  form 
a  dense  attachment  between  the  papillary  body  and  the  underlying 
aponeurotic  structures,  and  hence  in  these  regions  wounds  gape  but 
very  slightly. 

Abrasions. — In  abrasions  of  the  skin  involving  but  little  more  than 
the  papillary  layer,  the  reparative  process  takes  place  readily  and  path- 
ological inflammation  does  not  occur.  The  injured  layer  of  the  rete 
Malpighii  furnishes  a  few  drops  of  blood  and  exudate,  which,  mingling 
together  and  undergoing  coagulation,  cling  to  the  abraded  surfatx. 
Evaporation  of  the  watery  constituents  leads  to  drying  of  the  mass. 
and  a  crust  or  scab  is  formed.  The  underlying  wounded  surface  is 
thus  protected ;  the  mass  itself  in  the  dry  state  presents  no  longer 
a  favorable  pabulum  for  bacteria,  and  suppuration  is  prevented. 

In  this  method  of  repair,  known  as  healing  under  the  scad,  there  is 
complete  development  of  the  epidermal  layer  beneath  the  incrustation, 
if  the  latter  is  permitted  to  fall  off  of  itself  It  is  only  possible  in  a 
natural  way  when  there  is  but  a  slight  amount  of  primary-wound 
secretions,  and  in  situations  favorable  to  rapid  desiccation.  More  or 
less  successful  attempts  to  imitate  the  formation  of  the  scab  or  crust 
by  artificial  means  have  been  made  in  wounds  extending  into  the  sub- 
cutaneous connective  tissue  and  involving  blood-vessels  and  lymph- 
channels.  Hermetical  sealing  of  the  wound  by  means  of  collodion  or 
similar  substances,  asepsis  having  been  previously  assured  and  the 
wound-edges  brought  together,  is  often  quite  efficient.  Any  occlusive 
method  which  prevents  the  entrance  of  extraneous  matters  and  irrita- 
ting substances  imitates  the  process  of  healing  under  the  scab. 

Traumatic  Inflammation  of  the  Skin. — The  skin  may  take  on  sup- 
purative inflammation  from  infection  originating  in  the  skin.  The  in- 
flammation, however,  under  these  circumstances  is  superficial  in  char- 
acter and  comparatively  harmless,  involving  only  the  rete  Malpighii 
and  papillary  layer.  Rapidly-progressive  suppurative  inflammation  of 
the  skin  onl)-,  owing  to  the  dense  character  of  the  parts  involved,  is 
exceedingly  rare  and  almost  impo.sslble. 

Traumatic  Inflammation  of  the  Subcutaneous  Connective  Tissue. 
— Phlegmonous  inflammatory  conditions  of  a  very  severe  character 
are  easily  produced  in  the  subcutaneous  connective  tissue,  owing  to 
the  arrangement  of  the  clastic  fibers  in  this  situation,  and  to  the  fact 
that  the  lymph-current  runs  in  the  .same  direction.  Phlegmonous  in- 
flammation of  the  subcutaneous  connective  tissue,  however,  does  not 
always  have  Its  origin  in  a  palpable  wound  involving  this  structure. 
Bacteria  of  sufficient  infective  power,  which  have  gained  entrance  to 
the  rete  Malpighii  by  an  almost  microscopic  breach  of  surface,  may  there 
find  sufficient  pabulum  for  their  maintenance  so  as  to  reach  the  subcuta- 
neous connective  tissue  finally.  Here  tlicy  propagate  rapidly  and  produce 
their  untoward  effects.  So-called  idiopathic  phlegmonous  inflamma- 
tions are  to  be  accounted  for  in  this  manner.  The  more  or  less  con- 
stant coexistence  of  lyniijhangitis  renders  it  probable  that  the  infection 
makes  Its  way  along  the  lymph-channels.  Traumatic  erysipelas,  or 
crj'sipclatous  cellulitis,  is  said  to  be  present  where  the  papillary  layer 
and  rote  Malpighii  are  involved  simultaneously  with  the  subcutaneous 
connective  tissue  in  the  inflammatory  process. 
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Loss  of  Substance. — 'fhis  may  occur  in  the  skin  either  as  the 
direct  result  of  trauma,  or  indirectly  from  sloughing  following  the  in- 
jury, and  from  the  presence  of  a  verj'  high  grade  of  phlegmonous 
inflammation  as  well.  Destructive  lesions  of  the  skin  likewise  follow 
as  an  effect  of  extreme  licat  and  cold  (burn  and  frost-bite),  and  from 
ulceration. 

In  the  repair  which  takes  place  the  first  essential  is  the  pro- 
liferation of  healthy  granulations.  By  a  process  of  contraction  these 
subsequently  approximate  to  some  extent  the  margins  of  the  granu- 
lating surface.  In  this  way  the  defect  is  partially  corrected  by  the 
neighboring  tissues,  but  these  in  their  turn  are  so  displaced  as  to  give 
ri-se  in  some  situations  to  vcn.-  serious  deformities. 

In  order  to  complete  the  process  of  repair,  in  addition  to  the 
attempt  at  closure  of  the  defect  by  cicatricial  shruikage.  the  formation 
of  an  epidermal  layer  is  needed.  This  formation  may  take  place  rap- 
idly or  slowly.  The  resulting  epidermal  formation  when  completed 
may  be  a  firm  and  solid  layer,  or  it  may  be  found  to  be  thin  and  defec- 
tive, with  a  tendency  to  break  down  in  ulceration.  Under  these  latter 
circumstances  further  aid  may  be  needed.  This  aid  is  furnished  by 
plastic  procedures,  skin-transplantation,  etc.  (Reverdin,  Thiersch). 

The  Cicatrix. — The  complete  cicatrix  is  designed  to  serve  the  pur- 
poses of  the  normal  structure  which  it  replaces,  although  It  is  never 
identical  with  these  either  anatomically  or  functionally. 

Recently-formed  cicatricial  tissue  (l"ig.  52)  may  break  down  and 
take  on  inflammatory  conditions,  particularly  if  aseptic  precautions 


Fiu.  ja.— Ckatricul  tissue :.  x  &70. 

have  been  neglected  during  the  healing  process.  Abscesses  may  form 
in  sear-tissue  from  the  presence  of  bacteria,  as  well  as  foreign  bodies, 
such  as  bone-spicuI.'E,  or  portions  of  ligature  or  suture-material. 
Ulcerative  conditions  in  the  recent  cicatrix  result  from  mechanical 
causes,  such  as  friction  from  the  clothing,  and  heal  readily ;  later  on, 
however,  with  lessening  of  the  blood-suppl>'.  they  heal  but  .slowly. 

Owing  to  the  unyielding  and  inelastic  character  of  the  cicatrix,  solu- 
tions of  continuity  at  this  site  may  occur  more  readily  than  in  the  soft 
and  elastic  normal  structures.  The  presence  of  dense  and  extensive 
scar-tissue  may  give  rise  to  pain  along  nerve-trunks,  cither  from  in- 
volvement of  the  nerve-shcath  in  the  cicatrix,  from  simple  pressure,  or 
from  tension  consequent  upon  shrinking  of  the  dcatrLx. 


128 


tNTERNATIONAL    TEXTBOOK  OF  SCRGBRY. 


I 


Certain  degenerative  changes  are  obscry-ed  to  occur  in  scar-tissue. 
to  which  the  term  cUatricutl  kdoid  is  given.  This  condition  is  charac- 
terized by  increased  density,  and  by  deep  reddening  due  to  increased 
vascularity  of  the  scar-tissue,  together  with  gruwth  into  ihu  surround- 
ing tissues.  Extirpation,  followed  by  primary  union  and  even  skin* 
grafting  or  transplanting,  does  not  prex'ent  recurrence.  Electrolysis. 
elastic  pressure,  and  multiple  scarifications  arc  recommended,  foIloMcd 
after  twenty-four  hours  by  tlie  application  of  mercurial  ointment  tw^cc 
daily,  the  scarifications  being  repeated  until  the  growth  disappears. 

Degenerative  changes  of  a  malignant  character  arc  observed  in  old 
scar-tissue.  This  consideration  docs  not  include  recurrences  of  malig- 
nant growths  in  operation-wounds  following  their  extirpation.  True 
cicatricial  carcinomata  are  divided  into  tAvo  groups:  (i)  Those  which 
have  theirori<jin  in  heretofore  unchanged  and  typical  cicatricial  tissue ;  (2) 
those  which  occur  in  cicatricial  tissue,  the  site  of  previously'  existing  but 
benign  ulceration, such  as  ulcers, bone-fistiil.r,  nld  urinar>' fistula:  about 

till  (fcnis,  dysenteric  and  tu- 
I"  J  .liar intestinal  ulceration. 
ml  parturient  lacerations  of 
the  cervix  uteri.  They  may 
occur,  also,  upon  the  ^jranu- 
latingsurfaccof  cicatricial  tis- 
sue wliich  has  never  been  cov- 
ered with  normal  epithelium. 
The  disease  may  develop 
wlicrc  tension  is  exercised 
upon  a  scar  to  overcome  or 
reduce  deformities  due  to  the 
latter.  It  tends  to  spread 
upon  the  surface,  and.  save 
in  cases  of  extreme  maUg- 
nancy.  rarely  passes  into  the 
depths. 

Tendon.— The  manner 
of  liealing  in    divided   ten- 
dons will  vary  according  to 
the  presence  or  absence  of  ■ 
blood-clol,  as  well    as    ac-  ■ 
cording  to  the  maintenance 
or  non-maintenance  of  asep- 
tic conditions.     Usually  .suf-  J 
Pp-    '  mUV  ficient    hemorrhage     occurs  ■ 

^1  ■■I  ''^"'^   ^^^  .U'^xirated  en<js  to 

H*  vll  ^'^  ^^^  ^^f  between  with  a 

Wh  jtW  ^^^^    cv-liniJrical    clot.        A 

-^Vj  ;  growth  of  new  lissut-  takes 

I  place  in    the  tendon-sheath 
Flo.  33.— H«aUDK  «f  tendoD.  witliin   the    first    few    days,  A 

which  bridges  over  the  space  ■ 
between  the  retracted  ends,  and  encloses  the  latter  for  .some  distance 
beyond  the  point  of  dinsion  (Fig.  33).     Thi.s  new  tissue  consists  of 
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spindle-shaped  cells  whose  long  axis  is  placed  parallel  to  the  tendon. 
It  has  its  origin  in  the  wall  of  the  slicath,  and  not  in  the  divided  edges 
of  the  tendon  itself.  Absorption  of  the  blood-clot  is  induced  by  lateral 
pressure  of  granulations,  which  form  upon  the  borders  of  the  clot  and 
push  their  way  into  its  interior.  Front  the  tenth  to  (he  fourteenth  day 
a  rich  network  of  vessels  forms  in  the  new  tissue  communicating  with 
the  vcs.scls  in  the  cut  surfaces  of  the  divided  tendon.  An  anastomosing 
nct^vork  of  vessels  also  forms  in  the  granulations  which  surround  the 
blood-clot.  With  the  absorption  of  the  clot  the  provisional  new  ti.ssue 
disappears  and  its  fusiform  cells  diminish  in  number,  being  replaced  by 
another  new  tissue  or  intercellular  substance  which  greatly  resembles 
tendon-tissue. 

When  the  tendon-ends  are  widely  separated  the  tendon-cells  take 
but  little  part  in  the  repair,  comparatively  speaking.  When  the  ends 
arc  appro.xi mated,  a^.  for  instance,  in  tendon-suture,  the  new  tissue  still 
more  closely  resembles  Lcn don-tissue.  Under  tliese  circumstances  it  is 
believed  that  the  action  of  these  cells  is  more  pronounced  in  the 
regenerative  process. 

The  process  of  repair  in  tendons  therefore  consists  es.scntially  of 
a  connective-tissue  proliferation  originating  in  the  connective- tissue 
coverings  of  the  tendon,  a  portion  of  which  stretches  from  one 
extremity  to  another  after  the  division  of  the  tendon  proper.  This 
becomes  liighly  vasculari/ed,  and  is  then  replace*!  by  another  new 
tis.sue  which  constitutes  the  definite  .splice  that  finally  unites  the  di- 
vided ends. 

Kxtravasatifln  of  blood  from  the  divided  vessels  between  the  cut 
ends  of  the  tendon  is  not  essential.  When  it  docs  not  Like  place,  the 
walls  of  the  sheath  come  in  contact  and  a  band  is  formed,  uniting  the 
ends  of  the  tendon.  New  tissue  grows  upon  this  band  and  between  its 
walls,  and  the  same  result  is  attained  as  in  the  case  of  the  interi>osition 
of  a  blood-clot.  In  fact,  both  excessive  extravasation  of  blooil  and 
inflammatory  effusion  from  infection  may  be  highly  disadvantageous  to 
the  reparative  process. 

Muscle. — In  injuries  to  muscle  its  contractility  plays  an  important 
part.  Separation  of  the  fibers  in  a  transverse  direction  results  in  a 
gaping  of  the  wound  in  proportion  to  the  extent  of  the  dixasion. 

Following  a  wound  or  rupture  of  a  muscle  the  blood-vessels  pour 
out  a  mass  of  blood  which  fills  the  gaj)  bt-twecn  the  injured  muscular 
fibers.  The  connective  tissue  proliferates  in  the  coagula,  so  that  in  a 
short  time  the  latter  are  absorbed.  With  the  absorption  of  the  blood- 
dot,  which,  up  to  this  time  has  scr\*cd  as  a  trellis-work  for  the  support 
of  the  new  vessels,  there  remains,  as  a  result  of  tlie  rapid  connective- 
tissue  proliferation,  a  mass  which  forms  a  swelling  of  exceptionally 
fine  consistence,  the  so-called  mttsr/f-ra/Ztis.  or  muscular  cicatrix.  Mus- 
cular fibers  in  the  mean  while  are  in  process  of  production,  and  develop 
in  tliis  newly-formed  tissue  so  as  to  replace  the  latter,  provided  that 
not  more  than  an  inch  of  space  inten-enes  between  tlie  divided  ends 
of  the  muscle.  The  basis  or  groundwork  of  the  regenerative  process 
is  thefibrtlla:  in  the  muscle-fiber  (Kollikcr).  In  the  case  of  non-striated 
muscular  fiber  the  multi[3Hcation  takes  place  by  indirect  or  nuclear 
cell-division,  or  the  process  known  as  karyokincsis.      In  defcct^i  of 
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unstripcd  muscular  fibers  the  regeneration  takes  place  from  the  marpns. 
the  center  being  at  first  occupied  by  connective  tissue. 

In  UriatcJ  muxulAr  (ibct  Ihe  iir*i  evidence  of  ceU-proUreraiiOD  in  the  reeeneraiWr  prat- 
eu  is  found  in  tbc  nuclei  o\  the  muaclc-fonniiig  cell»,  or  myoblast^  iieare.M  itic  scat  of  the 
injury  fTiMoni ).  Wilh  ihr  im-re-ix'  of  llu-«c  nuclei  ihc  new  clement*  |i»ie*cm  mure  ot  >r» 
(if  the  liguics  characti-n^tic  iH  iliv  kar^ukiiictic  jirud^ii  (Levcni^,  The  iraiie  s«rrcrel>  tn- 
jurei)  (i(  thr  muMriilur  liliers  pi-riiili  or  uniU-^n  (Irgem-TOlivr  change*,  and  are  rcniurtni  \» 
sbaurptii^u  wilbin  the  liisl  feu  cluys  ibi.-  ie|;viieraU>c  piocest  bciug  iUcuiupli.'Uietl  in  ihott 
wfaicb  remain  »triiilcd  (Klebsj  (1-ig.  J4). 


Fig.  34.— Repair  at  muscle  (x  350) :  i.  nuclei  divUion  (three  diijra  after  nipture) :  i.  mo*- 
de-nuclri  tran^ffirmptt  inirt  pfnioplasmic  c*-IN.  nne  of  thrm  In  the  rtnge  of  mitoitc  diriitoo: 
f ,  fiiAiii  cpll  ixintnining  a  nccniTir  niiivle-rr-ifnix^ni  ifroni  i>  mii»c1f-scJH'  of  twenij-.«iK  dayft),  d, 
tit utc-li->fi berth  ending  in  pruloplaMiiji  (ftom  a  niuicic-scur  cif  twenty-one dayi'i  -,  r,  diridinci 
cle-(ibcr  {from  muKle-Acar  of  forly-three  d«y»). 

Oruin  preliminary  and  temporary  ehanew  are'obsenred,  the  principal  feature  of  wl 
is  the  development  of  t;"*r)ulRlion  upon  llic  basiii  of  reU-iliTi<^ii>n  in  the  |>cTTmruum   and  nl 
the  endoihelia  of  tht-  >ni3ll  vcv^ieU.     Ilve^e  j;;TanulAiiun<i  (lisappcAr,  and  oelivr  pnilifentHia' 
cif  niUJKidar  celK  occurs.     I'he^e  cells  in  their  tuni  disa]>[<ear  {  Nauweick).  nnd  t.-liiii£attaa 
nf  the  remaining  fillers  at  the  sent  nt  iiijitrv  tfllcfs  placr.      I  Jiter  on,  the  resulting  prolnoga- 
tions  ptewiil  dubshapeO  exircmilies  richly  supplicil  with  nuclei.     ThtJ.c  muMuUt  bud*  aia  ] 
Ihe  TTHUIl  (if  iirW'fell  funmitiim  williiii  live  siiniili-iiinia  ;  they  make  their  way  lhnTi;(;h  tbi*  ' 
delicate  structure,  appearint;  l^xh  at  the  diiidcd  end*  nnd  uj>on  the  flde*of  the  tibeT».    Thtfl 
are  nt  fir>t  rii4n|K>!(etl  of  |irt>l')i>Ui'in  ;  Inter  Ihey  heoime  tnins(<>rmed  tnlo  .sltiiilrd  fibers,      f^i 
the  newly-formed  inustular  tiber>  (jruiw  from  rtppi«ile  Mdc»  nf  the  defect  they  invade  the' 
n)iincclive-ti»)'UC  cii'atrix,  become  Ibickcr  nnd  cylindntnl,  unit  interlDce  fN'cuiuannj.     The' 
Conneeiive-tisMie  war  disn|ipciirs  more  or  less  completely  according  to  whether  the  defect  (• 
tx  lilled  in  ix  a  Ifin^e  ui  a  umall  one.     In  miuII  w<>u^d^  the  defect  may  W  tilled  entirely  by 
iDtucubir  tisMJe,  while  in  large  wounds  there  may  be  a  hrirlgiiiitoveT  of  the  defect  by  1 
oecdvc-tiiunc  cicatrix  in  which  there  ia  only  a  (mall  proportion  of  muicutar  UtMM. 

Nerve. — Following  division  of  a  Tier\'c.  (he  first  change  noticed  is" 
a  retraction  of  tlie  sheath.     Myelin  is  then  spread  over  the  divided] 
ends,  and  the  latter  become  united  by  a  gray  Inmshiceiil  tissue.      Thcj 
distance  to  wliich  the  cut  ends  finally  retract   governs   the  furthc 
changes  wliich  occur.     For  several  days  the  distance  between  the  cuti 
ends  increases,  owing  to  the  presence  of  some  clastic  fibers  in  the  neuri- 
lemma.    With  the  removal  of  a  fourth  of  an  inch  of  a  ncr\*c.  or  the 
separation  of  the  ends  by  this  distance,  regeneration  cannot  take  place 
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lellier  by  artificial  means.  In  the 
ipproximation  nf  tJie  tlivtdecJ  ends,  the  intervening  space  is 
filled  by  cellular  granulation -tissue  containing  vessels.  This,  in  time, 
forms  a  fibrous  connecting  cord,  devoid  of  ncrvc-tissuc.  between  the 
cut  ends  of  the  ncn'e.  In  the  meantime  the  ends  of  the  nerves 
underjjo  changes,  which  difTLT,  however,  in  the  two  ends, 

in  the  central  end  ilic  fibers  are  coinpuralively  but  sHg^htly  affected 
(Gluck).  The  myelin  is  rapidly  reduced  to  fine  granules,  which,  later 
on,  assume  a  yeHowish-hrown  color  on  treatment  with  osmic  acid. 
The  nuclei  multiply,  increase  in  size,  and  become  flattened  against  the 
slieath  of  Schwann.  An  infiltration  of  leukocytes  into  the  nerve-sub- 
stance occurs.     The  axis-cylinder  remains  intact. 

The  changes  in  the  pcriphcnil  end  vary  with  the  lapse  of  time  fol- 
lowing the  inlliction  tif  the  injury.  In  about  fifteen  days  after  the 
injury  segmentation  of  the  myelin  iK'curs.  The  axis-cylinder  is  almost 
absent  at  this  time.  After  thirty  days  but  a  very  slight  amount  of 
myelin  remains,  and  the  axis-cylinder  is  no  longer  traceable,  while  the 
nuclei  of  the  sheath  are  but  slightly  increased  in  number.  At  the  end 
of  three  months  it  is  no  longer  possible  to  recognize  any  ncrvc-tubules  ; 
the  nerve-bundles  are  replaced  by  circular  masses  of  tbsue  which  have 
the  appearance  of  connective  tissue  with  many  nuclei.  These  proc- 
esses of  degeneration  may  cease  at  a  short  distance  from  the  divided 
end,  or  they  may  involve  the  whole  ]icriphery.  They  commence 
almost  immediately  after  the  injur)',  and  continue  until  the  ner\'c  has 
undergone  complete  atrophy  (Waller). 

The  central  or  upper  end  of  tlic  iiervc  becomes  bulbous,  particularly 
in  stumps  after  amputation.  These  bulbous  growths  upon  the  end  of 
the  nerve-trunk  were  formerly  supposed  to  be  simply  fibrous  tissue; 
but  it  is  now  known  that  they  contain  ncn'e-elemcnts  as  well,  which 
replace  the  altered  distal  portion  of  the  cut  nerve  (Hayem). 

In  severe  cases  of  amtusion  of  nerve  the  changes  are  similar  to 
those  which  occur  in  division.  In  cases  less  .severe  there  may  be 
thickening  of  the  neurilemma  at  the  point  of  injurj',  caused  by  a  col- 
lection of  round  and  spindle-cells.  This  interferes  with  the  processes 
of  regeneration,  and  in  the  course  of  a  few  days  the  degenerative 
changes  of  Waller  set  in.  in  which  both  the  medullary  substance  and 
the  axis-cylinder  are  apparently  implicated  (Tillaux).  and  during  which 
a  temporary,  although  for  the  time  being  complete,  pciralysis  occurs. 
Tn  milder  cases  the  axis-cyUndcr  remains  intact  and  degeneration  docs 
not  occur  (Krt). 

This  U  well  einnpltfietl  ia  the  so-called  "  Sa/urdav-Hight  ^ralyiis,"  io  which,  in  the 
oonne  of  a  debauch,  t))C  patirni  fnll^  .-i-<lerp  in  a  dmir  with  hi«  una  hnnging  orrr  \\n  HacIc  in 
•uch  n  liURner  ««  lu  ciiu«e  (irtitonKed  prcA.<«ure  upon  the  uxillary  ner«'C-<^.  ilerelhrrvUa 
•light  hrmi'crhngc  inm  the  vhralh.  .iml  >  few  fiheri  may  he  se|Mitnteil.  .\  Urge  pn)|Midinn 
of  the  >h>turbittKe«,  hnwetcr.  arv  nmhanical.  and  simply  involve  di^pliicewenl  of  Uie  »eiiii> 
ftuid  contptiti  or  the  lahuln  (Weir  Milchell). 

Bone. — The  rc|>arative  process  in  subcutaneous  injuries  to  bone 
consists  in,  first,  resorjition  of  effused  fluid  and  destroyed  tissue,  and 
second,  the  formation  of  callus. 

Caihis  is  formed  principally  by  the  periosteum  and  Tnedullar>'  tissue, 
the  former  playing  the  most  important  part  in  its  production.     The 
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torn  periosteum  becomes  reunited  and  a  ring  of  new-formation  tissue 
develops  at  the  site  of  the  fracture,  constituting  the  so-called  provisioHol 
callus  of  Dupuytrcii.  The  provisional  callus  is  formed  by  the  inner- 
most or  ostcogcnetic  layer  of  the  periosteum  (Oilier).  During  the  first 
few  days  calcium  salts  are  deposited  between  the  ends  of  the  frag- 
ments. While  the  provisional  callus  is  undergoing  the  process  of  for- 
mation the  medullary  substance  forms  the  definite  callus  of  Cruveilhier. 
While  the  terms  "  provisional  "  and  "  definite  "  callus  are  still  retained 
in  descriptions  of  the  reparative  process  in  bone,  yet  they  are  not 
exact,  for  although  the  outer  ring  Is  formed  earlier  than  the  connecting 
dowel  from  the  medullary  substance,  both  alike  contribute  to  the 
final  or  definite  repair. 

The  Haversian  canals  likewise  take  part  in  the  reparative  process, 
as  do  al.so  the  cortical  lamellx,  to  some  extent.  The  ossific  process 
commences  in  the  newly-formed  tissue  between  the  fragments.  The 
latter,  together  with  the  new-formation  tissue  furnished  by  the  perios- 
teum and  medullary  structure,  becomes  solidified  in  a  mass,  with  the 
result  of  complete  formation  of  the  callus.  The  reparative  process  in 
man  occupies  a  length  of  time  varying  from  three  weeks  to  as  many 
months. 

With  the  completion  of  the  reparative  process  there  occurs  a 
gradual  restoration  of  the  callus  to  the  condition  of  true  bone  (Fig.  35). 


FlO.  35. — Union  of  bone  in  rahltit.     Three  weeks. 

This  is  known  as  reformation  of  the  callus  (IjDssen),  and  occupies  a 
year  or  more.  It  consists  of  the  production  of  systems  of  regular 
lamella:  and  the  replacing  of  the  dowel  which  divided  the  medullary 
cavity  of  the  bone  into  two  portions,  by  true  medullary  substance.  In 
fractures  involving  the  articular  extremities  of  bones,  the  medullary 
callus  is  finally  converted  into  true  cancellous  tissue.  So  closely  does 
the  reparative  process  follow  the  orif^inal  formation  that,  in  fractures  of 
the  neck  of  the  femur  the  reformed  callus  follows  the  lines  best  calcu- 
lated to  bear  the  weight  of  the  body,  as  in  the  normal  state. 

The  histological  process  involved  in  the  formation  of  callus  and  its 
final  regeneration  to  normal  bone,  consisting  as  it  does  of  cell-infiitra- 
tion,  lu-zi'-fornialion  of  vessels,  and  cotulciisatiou  of  neivly-formed  tissue^ 
is  analogous  to  processes  of  repair  in  soft  parts  when  union  by  first 
intention  is  obtained.  The  newly-formed  tissue  is  the  result  of  the 
proliferation  of  existing  osteoblasts  (Fig.  36).  The  traumatic  irritation 
has  reduced  the  bone  to  a  condition  analogous  to  or  identical  with 
young  bnne,  as  shown  by  the  fact  that  very  frequently  cartilaginous 
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tissue  is  found  in  the  ncwly-formcd  periosteal  callus.  The  manner  in 
which  the  ncwly-formcd  tissues  appropriate  the  salts  necessary  for  their 
proper  construction  is  as  yet  unexplained, 

A  curious  incident  in  connectit»n  with  the  formation  nf  callus  is  tlie 
fact  that,  under  the  influence  of  irritation,  as,  for  instance,  that  which 
occurs  when  extreme  displacement  or  defective  fixation  of  the  frag- 
ments is  present,  the  neif^hboring  structures  become  the  seat  of  deposits 
of  callus.     Tendinous,  muscular,  and  synovial  callus  develops  in  this 
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FlC.  3(i. — Myi:l -i^Liiuu.  :_/^lj  1  u -u-  .  ,  ,__,  ^pt-ctmcn  bom  Ihe  inlerior  callus  of  a 
fncnirf  or  Ihc  fibula  tourtiscn  days  uid  :  d.  bt .cells  ol  iho  modulln ;  i,  rrd  marrow :  t.  di&vml- 
oaletl  (ritettl)la»ts  ;  d.  ^xxiW,*^  nf  osleublosLs ;  (,  finl  fiiTninlion  of  iMinv-iubtliince :  /,  ti-onc- litters 
ui  stage  of  lormntion ;  g.  Uyer  of  osicobUsts  surrounding  newly-formed  Iwne-fibGrs ;  A,  blood- 
veswl. 


manner.     These  callus-masses  take  no  pari  either  in  the  temporary  or 
permanent  fixation  of  the  fragments,  and  hence  they  arc  known  as 

■  supafluous  callus. 
In  like  manner  fxcessive  callus  may  be  formed.  In  this  condition 
an  amount  of  reparative  material,  considerably  in  excess  of  the  require- 
ments of  repair,  is  dcvelojjed  at  the  site  of  fracture.  Like  superfluous 
callus,  it  results  from  meclianical  Irritation  due  to  improper  coaptation 
or  insufficient  fixation  of  the  fnignicnts.  In  the  case  of  transverse 
fracture  tJie  excessive  callus  is  furnncd  principally  from  the  ostcogcnetic 
layer  of  the  jicrio.steum.  Under  the.<;e  circumstance.";  the  drcumference 
of  the  bone  may  be  two  or  three  times  greater  than  the  normal.  This 
is  in  part  due  to  the  displaced  fragments,  and  in  part  to  the  demand  for 
a  larger  mass  of  reparative  material  to  bridge  over  the  lateral  surfaces. 
The  latter  is  particularly  the  case  in  fractures  of  the  lower  extremities, 
where  the  callus  assists  in  sujjportinjj  tlie  wcij^ht  rjf  the  body  u[Kin  the 
completion  of  the  proce.<;s  of  repair.  In  fractures  with  considerable 
lon^tudinal  separation  of  the  fraf^mcnts  the  gap  between  the  latter  is 
filled  by  an  excessive  amount  of  callus  which  at  first  develops.  In 
oblique  fractures  with  overriding  fragments  the  excessive  callus  is 
produced  both  by  the  medullar)'  substance  and  by  the  periosteum. 
CartUa£;e. — Owing  to  its  non-vascular  structure,  as  well  as  to 
absence  of  channels  for  pla.sma-circulation  and  the  coasequent  limited 
■  nutritive  supply,  the  reparative  capacity  of  cartilage  l.s  scry  low.  In 
"  Redfem's  studies  of  experimental  wounds  in  articular  cartilage  the 
wound  was  found  to  be  unchanged  after   twenty-nine  days  in  one 
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instance.  In  cases  of  incised  wounds  of  cartilage  experimentally  made 
upon  do^rs  by  Geiss,  when  but  slight  traumatism  was  inflicted  an< 
aseptic  conditions  were  maintained,  it  was  found  that  the  woum 
refused  to  heal ;  while,  on  the  other  hand,  wounds  made  in  the  pr 
ence  of  micro-organisms  underwent  rapid  rep.iir. 

Following  fracture  of  cartilaj;e  covered  by  perichondrium,  regress 
c/tatigcs  take  pliice  at  the  seat  of  injur>',  the  broken  v\\t\s  uncicrgoit 
£itt>-  degeneration.     The  reparative  process  is  initiated  at  a  short  dis 
tance  from  the  line  of  separation  (Fig.  37).     lascu/arisafto/r   take 
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Fic.  37.— Repair  of  cartilaac  covered  hy  perichondriiim  (X  roo)  (after  Zlcjjler).    Sppchne 
AtltT  a  fractufi:  of  five  days :  t>,  c^Itulnr  plastic  lis«u« ;  i,  canibtj^-tiaue ;  i:.  prolifrrBiiniE  rrllil 
ftijta  the  pcTichomlriutn :  d.  cutlLme-celli :  <f,  J*',  iiucl^ar  diviMon  of  cartilagv-cvlU  ;  f.  numr 
of  the  pliullc  tissue  :  /,  matrix  of  canilagc  :  ^,  capsulv  of  cartllage-c«lls  -,  *,  proliferaiitii;  end» 
tbclia  of  a,  blood-v«Kl. 


place  from  the  marginal  vessels  of  the  perichondrium,  and  a  connettht' 
ttssttc  proliftratioH  fills  the  space.  The  repair  takes  place  almost  ex- 
clusively through  the  perichondriunt  (Gusscnbnucr). 

The  lissuc-prolifcralinn  rcsulling  fvnm  Ihc  dirision  anil  dcvfloiimcnt  of  ihe  celU  o(  ilui 
timcltirr  is  (olltjwnl  liy  ihe  f>rmulio»  uf  a  tiljti'iis  i-arlilayinitus  liMue  which  undcrgoa 
changes  lownrd  oisi/i«ui«n.  Ii  is  liighly  prolinhlt:  ihal  (he  rnnilngr-cdU  laltp  bui  Ijitle.  if 
Kay,  part  in  the  rt^ianiUvc  prucehii,  althougb  Keitz  thought  lie  had  traced  Ihe  fonnalion  at 
(onncctivf  tiit^uc  fr'tm  cnnilnj^-cclK  the  Inltcr  being  fir*l  transfurmrd  into  »pitidle-cclls  and 
then  into  cnrne^lttc  (i««ui;.  lli>  exp^-rimctili  were  inaclc  ujMin  the  cartilage  of  the  tnch^ 
of  Ihe  mbliii,  while  Kedfem's  were  made  upon  articular  cnrtilngr;  it  wa»  to  thiti  that  Reits 
attiibiitcd  the  dj>crepancy  in  tlie  remlls.  Doemcr's  wmlics  upon  the  manner  of  repair  of 
incisMi  wounds,  as  well  as  more  complicated  injiirie*af  cartilage,  confinnetl  thr  observaltoaa 
of  RcKlfrm  and  (•u»>enhflueT  ihnC  ine  iKrichondriuni  is  invariably  found  to  lake  iIm  bwM 
active  part  in  tlic  procn&of  healing. 

In  case  of  injury  to,  or  loss  of  substance  of,  the  cartilage  of  joints, 
which  is  not  furnished  with  perichondrium,  a  fibrous  connective- tissue 
cicatrix  develops,  which  in  the  course  of  time  is  changed  into  hyaline 
cartilage-tissue  (Tizzoni).  On  the  otlter  hand,  it  is  believed  that  de- 
fects of  joint-cartilage  arising  from  a  trauma  undergo  only  partial  repair, 
the  cartilagc-ccfls  possessing  but  low  vegetative  power.  Whatever 
tissue-proliferation  occurs  is  transformed  into  connective  tissue. 

When  portions  of  joint- cartilage  have  been  completely  separated 
they  do  not  become  reattached  to  the  joint-surfaces  cither  at  the 
original  point  of  attachment  or  elsewhere.  They  either  become  frfe 
fioating  bt>dics  in  the  joint,  or  are  Lncapsul.ited  or  attached  by  a  new 
connective-tissue  covering  which  springs  from  the  inner  surface  of  the 
capsule. 
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Arteries. — The  blood-vessels  are  composed  of  unstripcd  muscular 
fibers,  clastic  tissue,  connective  tissue,  and  endothelium.  It  has  btren 
customao'  to  distinguish  three  coats,  and  to  designate  these,  according 
to  their  location,  as  the  internal,  or  intima;  the  middle,  or  media;  and 
the  extcnwl,  or  .idvenutia. 

The  iutinia  is  a  delicate,  elastic,  and  transparent  niunibrane.  com- 
posed, in  the  case  of  the  larger  arteries,  of  a  layer  of  Hal  endothelial 
cells,  a  delicite  layer  of  longitudinally-arranged  connective  tissue,  and 
elastic  tissue.  The  endothelial  cells  arc  irregularly  polygonal  hi  shape 
and  have  an  oval  nucleus.  Somclniies  ihc  outer  surface  of  the  base- 
ment-membrane of  the  iiitima  is  covered  by  a  layer  of  polyhedral  cells, 
the  so-called  epithelioid  cells  (Czerny).  In  larger  arteries  there  is  an 
additional  connective-tissue  membrane,  whicli  in  the  ailult  is  distinctly 
fibrillated  (the  striated  internal  coat  of  Kolliker). 

The  media  is  composed  of  unstripcd  muscular  fibers,  elastic  and 
connective  tissues.  In  small  and  niediLini-sized  vessels  the  propor- 
tionate amount  of  muscular  tissue  is  greatest,  while  in  larger  arterial 
trunks  the  clastic  tissue  iircpoiuk-rates.  The  muscular  fibers  are  of 
the  smooth  nucleated  variety,  and  are  arranged  in  a  circular  manner. 
In  the  larger  vessels  there  is  a  longitudinal  muscular  layer  as  well 
(Hardeleben).  While  the  circular  direction  of  the  muscular  fibers  is 
maintained  in  a  general  way.  in  addition  to  the  longitudinal  layer  just 
mentioned,  there  are  some  which  have  an  oblique  direction.  These 
prevent  complete  seiwration  of  the  mitldle  coat  when  a  round  ligature 
is  tightly  applied  lo  the  vessel.  The  ela.stic  tissue  of  the  middle  coat 
is  disposed  in  three  layers.  One  is  imposed  between  this  coat  and  the 
intima.  another  is  connected  with  the  external  coal,  while  a  third  is 
arranged  so  as  to  fill  the  interspaces  between  the  muscular  layers 
which  lie  between  the  two  elastic  layers  already  described.  The  ela.s- 
tic fibers  correspond  in  direction  to  the  muscular  hbcrs.  It  was  for- 
merly the  general  belief  that  the  middle  coat  of  an  artery  was  not 
regcnerateti  or  reproducetl  when  injured  or  destroyed,  but  that  only  a 
reparative  process  occurred,  which  took  place  by  the  formation  of  a 
simple  connective-tissue  cicatrix.  This  view  is  opposed  by  Warren 
(:vi/(*  infra). 

The  atix'cntitiiT,  or  external  coat,  is  composed  of  closcIy-wovcn 
bundles  of  connective  tissue,  together  with  more  or  less  elastic  tissue 
arranged  in  layers.  The  principjil  function  of  the  external  coat  is  to 
serve  as  a  support  for  the  nutrient  vessels  ttf  the  arterial  wall  itself 
(the  vasa  vasorum),  which  rarely  .spring  from  the  vessel  that  they 
supply,  but  are  derived  from  neighboring  arterioles  (Flint J. 

The  proces.scs  of  repair  in  blood-vessels  have  been  studied  more 
or  less  completely  by  almost  every  experimental  pathologist  since  the 
days  of  John  Hunter,  who  first  enunciated  the  theory  of  llie  organiza- 
tion of  the  thrombus  as  a  necessary  p,Trt  of  the  rei>arativc  procas,s. 
The  histor\'  of  the  stutly  of  the  behavior  of  vessels  after  injury  is  the 
history*  of  the  evolution  of  the  theory  of  cell-action  and  the  part  which 
it  pl.iys  in  the  building  up  of  new-formation  tissue  in  all  the  structures 
of  the  body,  since,  in  the  injured  vessel,  can  be  studied  the  action  of 
the  colorless  blood-corpuscles,  the  wandering  cells,  the  fixed  connec- 
ft     tivc-tis5Ue  corpuscles,  and  the  endothelium. 
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Contusions  produce  more  or  less  tearing  of  the  smaller  S 
both  arteries  and  veins,  in  the  subcutaneous  connective  tissue.  . 
blood  escapes  into  the  meshes  of  the  latter,  it  coagulates  and 
what  is  known  as  a  hematoma. 

Contusion  of  an  artery  is  sometimes  occasioned  by  a  bullet  01 
missile  striking  it  and  jjlancing  oft  The  injury  to  the  tissue  ■ 
vessel  may  be  so  great  as  to  cause  final  rupture  of  the  vessc 
other  casfs  the  supposed  contusion  proves  to  be  really  a  partial 
ure  of  the  artery,  a  portion  of  the  intima  giving  way  and  curlL 
so  as  to  cause  occlusion  more  or  less  permanent  at  this  point 

When  the  trunk  of  a  large  artery  is  wounded,  in  addition  t 
blood  which  escapes  from  the  interior  of  the  vessel,  there  is  a  hi 
rhage  from  the  wounded  nutrient  vessels  which  are  severed  i. 
adventitia.     The  blood  from  this  wound  in  the  vessel-wall  coagii 
arresting  the  bleeding.     The  coagulum  thus  formed  extends  ii 
interior  for   varj'ing  distances.      Under  these   circumstances,  i 
there  is  an  cxternat  wound,  a  large  and  tense  hematoma  is  found 
side  the  vessel.     This  hematoma,  together  with  the  coagulum  ii 
wound  in  the  vessel-wall,  as  well  as  that  portion  of  it  which  exi 
within   the  vessel,  usually  forms  one  solid  mass  of  blood-clot. 
process  of  repair  now  begins.     Absorption  of  the  blood-clot  oc 
and  as  this  proceeds  that  portion  of  the  mass  which  scaled  the  \i 
in  the  vessel-wall  is  replaced  by  glandular  tissue.     Finally  a  cic 
of  connective-tissue  origin  rqjlaces  the  normal  structure.     This  fi 
a  weak  point  which,  when  subjected  to  arterial  pressure,  is  gradi 
forced  in  an  outward  direction  until  an  aneuiysnial  sac  is  formed. 

When   an    artciy   is  completely   severed,  subjected   to  torsior 
tigatcd.  permanent  obliteration  of  the   vessel  usually  follows,  ei 
through  natural  or  artificial  means.     This  takes  place  by  the  foi 
tion  of  an  intravascular  cicatrix.     The  basis  of  the  reparative  pro 
is  a  thrombus  within   tlit-  vessel  itself     This,  however,  only  ]>la3 
passive  role,  the  repair  proper  being  invariably  effected  by  cell-pr 
eration   from  the  vessel-wall.     This  is  In   nppo^ititni   to  the  view 
merly   held,  that   the    thrombus   became   vascular  either  from 
nutrient  vessels  of  the   advcntitia    or  from  the  lumen    of  the   ve 
itself,  and  that  the  intravascular  cicatrix  was  built  up  from  the  hi 
logical  elements  of  the  thrombus.     One  of  (he  most  potent  argumt 
against  this  docirine  is  the  fiict  that  coaguiation  of  tliL-  blood  occasi 
ally  fails  lo  take  ])Irc:l-,  and  that  primary  union  of  the  inner  \v;ill  occ 
without    the    formation    nf  a    thmmhus.      Further,  thure    is    no    m 
reason  to  expect  that  the  morjihologii-jil  elements  of  a  thrombus  ■ 
initiate  and  carr>*  on  tissue-proliferation  than  that  they  will  prod 
blood-extravasations   elsewhere.     On    the  contrarj*.  it  is  a   genen 
recognized  fact  that  these  latter  invariably  undergo  retrograde  m( 
mnrphosis. 

When  an  arten,'  is  tightly  constricted  or  subjected  to  torsion,  the  < 
rent  of  blood  is  permanently  arrested.  The  innermost  coat,  and  to  sc 
extent  the  middle  coat,  gives  way.  The  advcntitia,  or  outermost  ci 
remains  intact,  and.  in  case  of  ligature,  is  constricted  into  a  nan 
circle.  The  internal  and  middle  coats,  mainly  from  their  clastic 
retract  and   curve   upon  themselves,  as   division   takes  place.     1 
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thrombi  fonn,  one  above  and  the  other  below  the  point  of  constric- 
tion.    The  former  is  usually  the  larger  of  the  two. 

It  was  formerly  supposed  that  the  mere  arrest  of  the  blood  at  the 
point  of  obstruction  was  sufficient  to  cause  its  coagulation.  Alex. 
Schmidt  has  shown,  however,  Ihat  a  third  body,  ha\'ing  its  origin  in 
the  so-called  blood-plaques,  the  disintegration  of  which  gives  rise  to  a 
ferment,  is  necessary.  The  coats  of  the  arterv*  being  ruptured,  the  dis- 
integration of  the  cells  containing  the  fibrin-ferment  is  initiated,  and 
fibrin  is  deposited  upon  the  recu^^'ed  tunics.  In  the  event  of  failure  of 
coaguUitton.  the  two  opposing  surfaces  may  cohere  by  multiplication 
of  the  endothelial  cells  (RiedeJ).  When  the  clot  is  formed,  which  may 
occur  in  an  hour  and  is  rarely  delayed  beyond  six  hours,  it  not  infre- 
quently passes  into  the  collateral  branches  (Ballance  and  Kdmunds). 
Coagulation  takes  place  likewise  when  the  tunics  are  injured  sufficiently 
to  prevent  the  blood-current  from  continuing  its  course  (Michael 
Foster).  A  profound  alteration  of  the  nutrition  now  lakes  place.  The 
irasa  vasoruni  liecome  blocketl  and  a  plastic  etTusion  ensues.  The  loop 
of  the  ligature  is  buried  in  the  efiiision.  The  opposed  endothelial  sur- 
faces proliferate  and  adhesions  form  bct^vccn  them.  This  cffiision 
occunt  more  rapidly  when  the  coats  arc  ruptured.  In  the  course  of 
first  two  days  granulation-tissue  forms  about  the  point  of  ligature, 

well  as  for  some  distance  above  and  beli>w  rlie  point  of  the  latter, 
he  inflammatory-  product  varies  in  amount,  l>eing  governed  by  the 
grade  of  the  traumatism  inflicted,  as  well  as  by  the  presence  or  absence 
of  sepsis.  As  a  result  of  cell -proliferation  a  callus  is  formed,  which 
protects  the  vessel  from  the  dangers  of  hemorrhage.  An  a|)parcnt 
ampullation  of  the  vessel  occurs  immediately  above  the  clot  (Br>'ant). 
This  eniai^ment,  however,  is  more  apparent  than  real,  and,  in  reality, 
depends  upon  a  contraction  of  the  vessel  above  the  clot  (Warren). 

The  function  of  the  clot  is  threefold:  First,  it  nets  as  a  cushion 
against  which  the  impulse  of  the  blood  is  received,  and  in  this  manner 
pre\'ents  disturbance  of  the  plastic  process;  second,  it  forms  a  trellis- 
work  supjiort  to  invasion  and  proliferation  of  cells  as  they  advance 
from  side  to  side  of  the  internal  coat  of  the  arterial  tube ;  third,  it 
furnishes  nutriment  to  these  cells. 

If  repair  progresses  favorably  the  granulation-tisAie  penetrates 
deejily  into  the  thrombi,  and  also  exercises  a  solvent  action  upon  the 
bundles  of  fibers  surrounded  by  the  ligature.  The  process  of  healing 
from  this  point  resembles  the  repair  of  fractures.  The  new-formation 
itiatcrial  within  the  vessel  is  comparable  to  the  internal,  and  that  out- 
side the  vessel  to  the  external,  callus  of  a  fracture  (Warren)  (Fig.  38). 
These  structures  are  of  a  provisional  character.  Upon  their  disap- 
pearance it  is  found  that  a  growth  has  taken  place  in  the  intima 
which  forms  a  permanent  eicalrix.  According  to  Warren,  tlu's  cicatrix 
represents  a  rcjiroductinn  of  the  three  walls  of  the  vessel.  Its  innermost 
ki^'cr  is  composed  of  endothelium,  its  outermost  layer  is  a  connective- 
tissue  formation  from  the  adventitia,  and  between  these  there  is  found  a 
byer  of  muscular  cells  developed  from  the  middle  coat  of  the  vessel, 
With  the  ah^orplion  of  the  provisional  tissue  and  the  complete  formation 
of  the  definite  cicatrix,  the  hitler  acts  as  a  connecting  cord  between  the 
two  ends  of  t)ic  vessels  (Fig.  39).     A  small  central  vessel  penetrates 
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Contusions  produce  more  or  less  tearing  of  the  smaller  vessels, 
both  arteries  and  veins,  in  the  subcutaneous  connective  tissue.  As  the 
blood  escapes  into  the  meshes  of  the  latter,  it  coagulates  and  forms 
what  is  known  as  a  hematoma. 

Contusion  of  an  artery  is  sometimes  occasioned  by  a  bullet  or  other 
missile  striking  it  and  glancing  off  The  injury  to  the  tissue  of  the 
vessel  may  be  so  great  as  to  cause  final  rupture  of  the  vessel.  In 
other  cases  the  supposed  contusion  proves  to  be  really  a  partial  rupt- 
ure of  the  artery,  a  portion  of  the  intima  giving  way  and  curling  up 
so  as  to  cause  occlusion  more  or  less  permanent  at  this  point. 

When  the  trunk  of  a  large  artery  is  wounded,  in  addition  to  the 
blood  which  escapes  from  the  interior  of  the  vessel,  there  is  a  hemor- 
rhage from  the  wounded  nutrient  vessels  which  are  severed  in  the 
adventitia.  The  blood  from  this  wound  in  the  vessel-wall  coagulates, 
arresting  the  bleeding.  The  coagulum  thus  formed  extends  in  the 
interior  for  varj'ing  distances.  Under  these  circumstances,  unless 
there  is  an  external  wound,  a  large  and  tense  hematoma  is  found  out- 
side the  vessel.  This  hematoma,  together  with  the  coagulum  in  the 
wound  in  the  vessel-wall,  as  well  as  that  portion  of  it  which  extends 
within  the  vessel,  usually  forms  one  solid  mass  of  blood-clot  The 
process  of  repair  now  begins.  Absorption  of  the  blood-clot  occurs, 
and  as  this  proceeds  that  portion  of  the  mass  which  sealed  the  wound 
in  the  vessel-wall  is  replaced  by  glandular  tissue.  Finally  a  cicatrix 
of  connective-tissue  origin  replaces  the  normal  structure.  This  forms 
a  weak  point  which,  when  subjected  to  arterial  pressure,  is  gradually 
forced  in  an  outward  direction  until  an  aneurysmal  sac  is  formed. 

When  an  artery  is  completely  severed,  subjected  to  torsion,  or 
ligated,  permanent  obliteration  of  the  vessel  usually  follows,  either 
through  natural  or  artificial  means.  This  takes  place  by  the  forma- 
tion of  an  intravascular  cicatrix.  The  basis  of  the  reparative  process 
is  a  thrombus  within  the  vessel  itself  This,  however,  only  plays  a 
passive  role,  the  repair  proper  being  invariably  effected  by  cell-prolif- 
eration from  the  vessel-wall.  This  is  in  opposition  to  the  view  for- 
merly held,  that  the  thrombus  became  vascular  either  from  the 
nutrient  vessels  of  the  adventitia  or  from  the  lumen  of  the  vessel 
itself,  and  that  the  intravascular  cicatrix  was  built  up  from  the  histo- 
logical elements  of  the  thrombus.  One  of  the  most  potent  arguments 
against  this  doctrine  is  the  fact  that  coagulation  of  the  blood  occasion- 
ally fails  to  take  place,  and  that  primarj-  union  of  the  inner  wall  occurs 
without  the  formation  of  a  thrombus.  Further,  there  is  no  more 
reason  to  expect  that  the  morphological  elements  of  a  thrombus  will 
initiate  and  carr\-  on  tissue-proliferation  than  that  they  will  produce 
blood-extravasations  elsewhere.  On  the  contrar>',  it  is  a  generally 
recognized  fact  that  these  latter  invariably  undergo  retrograde  meta- 
morphosis. 

When  an  artery'  is  tightly  constricted  or  subjected  to  torsion,  the  cur- 
rent of  blood  is  permanently  arrested.  The  innermost  coat,  and  to  some 
extent  the  middle  coat,  gives  way.  The  adventitia,  or  outermost  coat, 
remains  intact,  and.  in  case  of  ligature,  is  constricted  into  a  narrow 
circle.  The  internal  and  middle  coats,  mainly  from  their  elasticit)', 
retract  and   curve   upon  themsehes,  as   division   takes  place.     Two 
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tlirombi  form,  one  above  and  the  other  be]ow  the  point  of  constric- 
tion.    The  former  is  usually  the  larger  nf  the  two. 

It  \\zs  formerly  supposed  that  the  mere  arrest  of  the  blood  at  the 
point  of  obstruction  was  suflicicnl  to  cause  its  coagulation.  Alex. 
Schmidt  has  shown,  however,  that  a  third  body,  having  its  origin  in 
the  so-called  blood-plaques,  the  disintegration  of  wlii'ch  give-s  rise  to  a 
ferment,  is  necessary.  The  coats  of  the  arter)'  being  ruptured,  the  dis- 
integration of  the  ccll.s  containing  the  fibrin-ferment  is  initiated,  and 
fibrin  is  deposited  upon  the  recur\'ed  tunics.  In  the  event  of  failure  of 
coagulation,  the  two  opposing  surfaces  may  cohere  by  multiplication 
of  the  endothelial  cells  (Kicdel).  When  the  clul  is  formed,  winch  may 
occur  in  an  hour  and  is  rarely  ilelayed  Iwynnd  six  hours,  it  not  infre- 
quently passes  into  the  collateral  branches  (Ballance  and  Eflminids). 
Coagulation  takes  place  likewise  when  the  tunics  arc  injured  sufficiently 
to  prevent  the  blood-current  from  continuing  its  course  (Michael 
Foster).  A  profound  alteration  of  the  nutrition  now  takes  place.  The 
\'asa  v-asorum  become  blocked  and  a  plastic  effusion  ensues.  The  loop 
of  the  ligature  is  buried  in  the  efiusion.  The  ojijiosed  endothelial  .sur- 
faces proliferate  and  adhesions  form  between  them.  This  effusion 
occurs  more  rapidly  when  the  coats  are  ruptured.  In  the  course  of 
the  first  two  days  granulation-tissue  forms  abnut  the  point  of  ligature, 
as  well  as  for  some  distance  above  and  below  the  point  of  the  latter. 
The  inflammatorj'  product  varies  in  amount,  being  governed  by  the 
grade  of  the  traumatism  inflicted,  as  well  as  by  the  presence  or  absence 
of  sepsis.  As  a  result  of  cell-proliferation  a  callus  is  formed,  which 
protects  the  vessel  from  the  dangers  of  hemorrhage.  An  apparent 
ampullation  of  the  vessel  occurs  immediately  above  the  clot  (Biyant). 
This  enlargenjcnt,  however,  is  more  apparent  than  real,  and,  in  reality, 
depends  upon  a  contraction  of  the  vessel  above  the  cloi  (Warren). 

The  function  of  the  clot  is  threefold:  First,  it  acts  as  a  cushion 
against  which  the  impulse  of  the  blood  is  received,  and  in  this  manner 
prevents  disturbance  of  the  plastic  process;  second,  it  forms  a  trellis- 
work  support  to  invasion  and  proliferation  of  cells  as  they  advance 
from  side  to  side  of  the  internal  coat  of  the  arterial  tube ;  third,  it 
furnishes  nutriment  to  these  cells. 

If  repair  progresses  favorably  the  granulation-tisftjc  penetrates 
deeply  into  the  thrombi,  and  also  exercises  a  solvent  action  upon  the 
bundles  of  fibers  surrounded  by  the  ligature.  The  process  of  healing 
from  this  point  resembles  the  repair  of  fractures.  The  new-formation 
material  within  the  vessel  is  comparable  to  the  internal,  and  that  nut- 
side  the  vessel  to  the  external,  callus  of  a  fracture  (Warren)  (I'ig.  3S). 
These  structures  arc  of  a  proWsional  character.  Upon  their  disap- 
pearance it  is  found  that  a  growth  has  taken  place  in  the  intima 
which  fonns  a  permanent  cicatrix.  According  to  Warren,  this  cicatrix 
represents  a  rcproduciion  of  ihe  three  walls  of  the  vessel.  Its  innermost 
layer  is  composed  of  endothelium,  its  outermost  layer  is  a  connective- 
tissue  formation  from  the  a«lventitia,  and  between  these  there  is  found  a 
layer  of  muscular  cells  developed  from  the  middle  coat  of  the  vessel. 
With  the  absorption  of  the  provisional  tissue  and  the  complete  formation 
of  the  definite  cicatrix,  the  latter  acts  as  a  connecting  cord  between  the 
two  ends  of  the  vessels  (Fig.  39).     A  small  central  vessel  penetrates 
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the  cicatrix.  This  replaces  the  network  of  vessels  which  supplied  the 
provisional  tissue  and  disappeared  with  the  latter.  It  passes  from  the 
lumen  and  anastomoses  with  the  system  of  capillaries  which  surround 
the  .stump  of  the  obliterated  artery. 

A  ligature  applied  to  a  blood-vcs-sel  is  always  treated  as  a  foreign 

body  by  the  tissues,  and 
an  attempt  is  at  once 
made  by  the  cells  to  ab- 
sorb it.  The  success  of 
this  attempt  will  depend 
upon  the  nature  of  the 
ligature-material.  Gold- 
or  platinum-wire  liga- 
ture remains  perma- 
nently in  an  unchanged 
condition.  Lead,  silver, 
iron,  and  other  metals 
disappear  by  absorption 
sooner  or  later.  All  ani- 
mal and  vegetable  liga- 
tures are  disintegrated 
and  absorbed  in  time, 
varying  with  the  char- 
acter of  the  ligature-ma- 
terial and  the  method  of 
its  preparation.  If  there 
is  any  delay  in  the  ab- 
sorption, encapsulation 
occurs  from  the  forma- 
tion of  connective  tis.sue. 
\k  jf    7  '  The  absorption,  however, 

■'11   W  I  is  not  arrested  on  this  ac- 

tlr  count,  but  goes    on.  al- 

though slowly,  to  com- 
pletion. As  absorption 
takes  place  the  ligature- 
material  is  replaced  by 
new  connective  tissue. 
In  the  case  of  animal 
ligatures  the  softening 
an  tl  absorption  of  the 
lignture  occur  earlier  if 
suppuration  takes  place. 
With  the  arrest  of  the 
blootl-current  at  the  seat 
of  ligature  the  flow  of 
blood  is  at  once  <lirectcd  with  increased  pressure  toward  the  lat- 
eral branches  which  are  gi\en  off  nearest  to  the  point  of  obstruc- 
tion, ^rhest-  lateral  branches  coniinunicate  with  arteries  from  the 
arterial  trunk  ht'y<jnd  tin-  obstriictii)n.  In  this  manner  the  blood 
finally  reaches  its  original  dcstinati<->n.     This  anastomotic  or  collateral 
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circulation  is  usually  restored  at  once,  and  forms  for  itself  more  or 
less  wide  channels  for  cariying  on  the  circulation.  The  combined 
area  of  these  collateral  branches  equals  thai  of  tlie  trunk  which 
has  been  obstructed.  In  exceptional  instances  in  which  diseased  con- 
ditions of  the  arteries  exist,  or  where  infiltration  of  the  surrounding 
tissues  prevents  a  prompt  enlargement  of  tile  anastomosing  branches, 
the  blood-supply  to  the  periphery  is  retarded  or  entirely  prevented 
(see  Gangrene). 

Glands. — The  rqwir  which  takes  place  in  glandular  structures  is 
accomplished  by  a  regeneration  of  the  gland-substance.  In  the  case 
of  partial  excision  of  a  gland,  as,  for  instance,  in  the  testicle,  there  is 
an  increase  of  the  essential  anatomical  structure,  the  tubull  serahiiferi. 
during  the  healing  process(Griftin).  In  experiments  upon  dogs.  Tizzoni 
obscr\*cd  productiun  of  new  hepatic  tissue  in  wounds  of  the  liver  as 
healing  louk  place.  In  the  case  of  the  splct-n.  even  in  complete  extir- 
pation of  this  organ,  there  is  a  ver>*  effective  effort  made  toward  the 
restoration  of  function  by  the  production  of  new  gland-tissue  from  the 
blood-vessels  of  the  neighboring  peritoneum.  Tissue-proliferation  takes 
place  in  the  adjacent  vessels,  the  product  of  which  corresponds  to  nor- 
mal splenic  tissue,  both  in  its  anatomical  characteristics  and  its  physio- 
logical properties.  The  newly-formed  gland-tissue  occurs  as  isolated 
nodules  which  develop  ar*^iund  new  ofislioots  from  the  vessels  of  the 
peritoneum  about  the  site  of  the  hilus,  which,  appearing  in  the  begin- 
ning as  new  connective  tissue,  is  finally  supplied  with  follicles,  pulp, 
and  a  proper  arrangement  of  blood-vessels.  That  these  possess  the 
function  of  the  original  spleen  is  shown  by  the  fact  that  the  blood- 
corpuscles,  which  had  been  diminished  following  the  extirpation  of  the 
organ.  Increase  in  number  as  the  new  splenic  tissue  is  produced 
(Tizzoni  and  Filcti).  Nor  docs  it  seem  essential  that  tlie  entire  spleen 
should  be  removed  in  order  that  production  of  new  spleen-tissue  should 
occur  from  the  vessels  of  the  peritoneum.  The  excision  of  a  portion 
of  the  organ  is  followed  by  the  formation  of  new  spleen-tissue  upon 
the  omentum  in  the  neighborhood,  entirely  independently  of  tissue- 
proliferation  in  the  wound  in  the  spleen  itself 

In  a  similar  manner,  it  is  claimed,  new  lymphatic  tissue  is  rapidly 
produced  after  partial  or  complete  removal  of  a  lymphatic  gland,  the 
vessels  of  the  adjoining  adipose  tissue  serving  the  .^^ame  purpose  as 
those  of  the  peritoneum  in  the  production  of  splenic  ti.ssue  (Baicr  and 
Bacialli).  It  Is  more  than  probable,  however,  that  the  new  gland-tissue 
b  the  product  of  tissue-proliferation  from  the  divided  ends  of  lymphatic 
vewels. 


CHAPTER  VI. 

coNsrmmoNAL  reactions  to  wounds  and  their 

INFECTIONS. 

ASEPTIC  WOUND  FEVER  j  SAPREMIAj  SEPTIC  INTOXICATION;  SEP- 
TICEMIAj  PYEMIA;  SEPTICOPYEMIA. 

When  local  injuries  have  been  inflicted  upon  the  animal  body,  a 
constitutional  reaction  is  prone  to  follow — a  reaction  in  which  are  asso- 
ciated elevation  of  the  body-temperature,  and  cardiovascular,  respiratorj', 
and  nervous  phenomena  which  we  designate  under  the  clinical  terra 
fever.  It  is  not  within  our  province  to  di.scuss  the  essential  nature  of 
the  fever,  but  only  to  consider  its  relationship  to  surgical  conditions. 
Neither  is  it  our  purpose  to  dwell  upon  that  hyperthermia  which 
occurs  after  the  passing  of  the  catheter  or  sound,  when  unassociated 
with  infection  or  renal  lesions,  and  which,  as  it  is  a  simple  vasomotor 
disturbance,  is  better  referred  to  another  classification  than  that  of 
fever  (Kraus). 

The  common  pathological  element  in  all  forms  of  fever  is  intoxica- 
tion. The  poisons  wliich  bring  about  the  fever  are  of  different  origins, 
and  gain  entrance  to  the  circulation  in  a  variety  of  ways. 

AUTO-INTOXICATION. 

Auto-into.\ication  is  an  expression  of  recent  origin,  used  to  desig- 
nate that  form  of  self-poisoning  in  whicli  neither  wound  nor  gross 
pathological  lesion  exists,  but  in  which  poisons  elaborated  within  the 
body  are  not  excreted  with  proper  activity,  so  that  the  system  at  lai^e 
is  injured.  While  auto-intoxication  is,  therefore,  not  dependent  upon 
any  form  of  wound-complication,  a  slight  knowledge  of  it  is  neverthe- 
less so  important  for  our  study  of  wound-infection  that  we  will  very 
briefly  refer  to  it. 

A  simple  and  familiar  kind  of  auto-intoxication  is  that  in  which  the 
bowels  do  not  empty  themselves  freely  enough,  so  that  the  products 
of  putrefaction  from  the  intestine  and  excrementltious  matters  from  the 
liver  and  the  intestinal  mucosa  arc  not  cast  out  promptly,  but  remain 
long  enough  in  the  body  to  be  partly  rcs{irbed.  The  skin,  the  lungs, 
the  kidneys,  the  li\er,  and  the  intestines  are  the  most  important  ex- 
cretoiy  organs.  Interference  with  the  activity  of  any  one  of  them 
may  result  in  tlic  retention  of  poisons  which  cause  a  great  variety  of 
functional  disturbances  dcpemling  for  their  peculiarities  upon  the 
projjcrties  of  the  retained  chemical  bodies.  The  greatest  activity  is 
now  being  manifested  by  scientific  men  in  this  complex  and  difficult 
field,  and  many  chemical  compounds  have  been  isolated  from  the 
no 
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excreta,  their  chemical  formulx  ascertained,  and  their  physiological 
properties  determined. 

Auto-intoxication  is  of  especial  importance  to  the  surgeon,  because 
the  traumatic  infectious  organisms  find  the  tissues  of  an  anim.il  de- 
pressed by  tile  resorption  of  cxxretnentilious  principles  much  more 
vulnerable  than  those  of  a  normal  individual.  AM  expericticcd  sur- 
geons realize  tlie  very  great  im[>ortance  of  havinff  the  howeln  in  a  good 
state  of  activity  at  the  time  of  performing  o|x:rations.  Not  only  tliis, 
but  many  insist  that  the  Intestines  be  as  nearly  empty  as  possible,  and 
that  the  so-called  intestinal  antiseptics  be  given  beforehand,  since  the 
loss  of  even  a  moderate  amount  of  blood,  and  es|)c:cially  tlie  frequent 
inability  to  retain  water  in  the  sloinacli,  innUe  resor[)li(Mi  nf  (lulds  from 
the  intestines,  which  always  coniain  more  or  less  noxious  matter  in 
solution,  especially  likely  irj  occur.  This  danger  may  be  |>artly  averted 
by  injecting  into  the  rectum  4  to  S  ounces  of  sterilized  water  every 
three  to  six  hours  after  the  operation,  until  abundant  urinary  secretion 
tells  us  tlic  blood-volume  is  made  up  and  that  excretion,  by  that 
important  avenue  at  least,  is  going  on  well.  For  the  same  reason 
patients  should  not.  as  a  rule,  be  dented  abundance  of  drinking  water, 
after  post-operative  vomiting  has  ceased,  unless  some  especial  indica- 
tion exist  for  denying  it. 

To  prevent  the  ill  effects  of  excessive  auto-intoxication,  one  must  be 
especially  upon  his  guard  in  certain  progressive  organic  diseases  in 
which  surgical  operations  arc  often  required. 

For  exanplf.  iu  dtnbetcs  wc  arc  cautioned  to  defer  amputation  for  pinKienie,  if  pouible, 
until  the  gljrcofurin  it  reduced  tn  n»  luw  a  pninl  3«  po«.'«ih1e  ;  nnd  in  the  vnrirws  renal  nwU- 
dio  openition»  of  elcctiui)  ■«;  deferred  until  the  funciiwii  of  utimtr^'  excretion  i»  pcrfumied 
with  maximum  activity.  Il  is  important  In  iniermgate  tlie  rDiutiiion  of  itie  kidneys  and  nf 
(he  hmrl,  u[)('ii  which  rvn.il  activity  mj  much  depends,  befuiv  uiiilcrtaking  iMirgicxI  pro- 
cedures which,  by  ihroiving  od'litiunal  burdeni  on  the  eliminalini;  oif^an^  may  cntise  an 
auto-lnioxication  wbich,  if  not  d^ngcroui  in  iiwlf,  may  become  so  by  fAvoring  local  or  general 
infectinn. 

The  dlag^nosis  of  auto-intoxications  must  be  made,  partly  by  a 
reference  to  the  positive  symptoms  associated  with  the  partial  func- 
tional failure  of  the  different  organs,  partly  by  the  exclusion  of  \':irious 
forms  of  intoxication  of  a  more  strictly  surgical  chanicter  yet  to  be 
discussed.  The  commonly  prompt  occurrence  of  furred  tongue,  a 
bitter  taste  in  the  mouth,  headache,  anorexia,  and  malaise  with  a  slight 
rise  of  fever  after  failure  of  defecation  for  twenty-four  or  fortj-eight 
hours,  suggests  the  need  of  laxatives.  I'crsi.stcnt  hcatiichc.  a  tense 
small  radial,  a  hypcrtrophicd  left  ventricle,  mental  wandering  or  dc- 
hrium.  twitching  of  the  limbs  t)r  of  muscle-groups  together  with  more 
direct  evidences,  call  atlenlion  to  renal  insufficiency'.  For  ihe  refine- 
ments of  diagnosis  in  this  de^xtrtment  the  reader  nnisl  seek  the  works 
on  internal  medicine. 

The  treatment  of  auto-intoxications  by  medieval  and  even  com- 
paratively modern  practitioners  was  largely  by  phlebotomy.  This  was 
not  wholly  without  propriet>\  since  tlie  removal  of  a  coni|>ardtiveIy 
small  quantit}'  of  blood  and  its  substitution  by  water  insure  the  im- 
mediate removal  from  the  body  of  a  quantity  of  concentrated  poison- 
ous matter  which  it  would  require  a  vastly  larger  amount  of  urine  and 
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very  much  more  time  to  carry  away.  Practically,  however,  we  now 
reach  the  same  result  by  using  laxatives,  diuretics,  and  sudorific 
remedies. 

ASEPTIC  VOUND  FEVER. 

Aseptic  wound  fever  is  an  expression  used  by  Volkmann  to  in- 
dicate the  systemic  reaction  taking  place  in  the  bodies  of  those  in 
whom  wounds  are  healing  without  the  interference  of  infection — as,  for 
example,  in  simple  fractures. 

Gussenhauer  has  called  attention  to  the  itlc^ical  character  of  the  expression,  since  %  tem 
indicating  the  mere  absence  of  a  pathological  characteristic  should  not  serve  to  denote  a 
morbid  entity.  Other  names  are  sometimes  used.  Ferment  fever  was  an  expression  sug- 
gested by  Uergmanii  under  the  misconception  that  the  tibrin-fennent  of  effused  or  disinte- 
grated blood  was  the  active  aftent  in  producing  the  fever.  Resorption  fever^  after-fever 
( Billroth ),  and  simple  traiimatie  fever  are  other  more  or  less  convenient  or  suggestive  addi- 
tions to  the  terminology. 

Ktiology. — The  cause  of  this  form  of  transitory  fever  coming  on 
a  few  hours  after  injury  was  sought  by  many  earlier  observers  in  the 
hberation  and  resorption  of  fibrin-ferment  from  the  blood.  It  was  ob- 
served that  after  transfusions  of  blood,  in  which  many  millions  of  red 
corpuscles  are  destroyed,  and  when  tissues  were  suddenly  killed  by 
traumatism,  a  rise  in  temperature  occurred  even  in  the  absence  of  infec- 
tion. The  same  thing  was  seen  to  occur  even  when  inert  substances 
like  charcoal  were  introduced  into  the  veins.  It  was  supposed  that 
these  substances  brought  about  destruction  of  some  blood-corpuscrles, 
and  that  thus  the  fibrin-ferment  was  set  free. 

SchniCzler  and  Ewald,  workinj;  in  Albert's  clinic  in  Vienna,  have  recently  studied  anew 
the  fever- producing  chemical  IxkUcs  indisputably  set  free  in  subcutaneous  hemorrhages. 
While  asserting  that  the  older  notions  of  the  chemistry  of  fibrin-ferment  must  be  so  modified 
as  to  agree  with  the  results  of  modem  research,  and  that  the  fibrin-ferment  cannot  any  longer 
be  regarded  as  the  active  fever- p rot iucing  ho<ly  in  effused  blood,  they  endeavored  to  isolate 
from  such  blo<Ml  those  chemical  bodies  which  produce  the  sj-mptoms  of  aseptic  wound  fe*-er. 

They  claim  to  have  found  two  series  of  compounds  exactly  meeting  these  re<|uirenients the 

micloins  and  the  albumoses.  Holh  these  substances  are  found  in  etfused  aseptic  blood  ;  both 
subst.tnces  when  injected  into  the  bodies  uf  healthy  animals  bring  about  a  febrile  reaction. 
Besides  this,  nucleins  are  known  to  be  present  in  some  of  the  supposedly  inert  substancet 
(c.  .;-.,  wheat  Hour)  formerly  injected  experimentally  into  the  blood  of  animals  to  produce 
this  febrile  disturbance. 

Tlie  exact  conditions  under  whicli  this  kind  of  fever  is  produced 
are  not  as  yet  determined.  Certainly  there  are  many  cases  of  extensive 
extravasation  of  blood  that  arc  followed  by  but  slight  reaction.  The 
converse  of  the  proposition  is  equally  true,  that  often  very  small  in- 
juries are  followed  by  great  reaction.  Doubtless  the  activit>'  of  the 
emunctory  organs  at  the  time  of  injury  constitutes  an  important  factor. 
Some  maintain  that  the  pressure  to  which  the  effused  blood  is  sub- 
jected is  a  favoring  moment.  The  rcsorptivc  powers  of  the  tissues 
tliat  are  in  contact  with  the  blood  are  significant. 

After  operations,  this  form  of  fever  is  most  likely  to  follow  when 
hemostasis  has  not  been  perfect,  when  drainage  has  been  omitted,  or 
when  manipulation  of  a  great  amount  of  tissue  has  been  prolonged 
and  severe.  Tillinanns  considers  the  use  of  antiseptics  in  the  wound 
an  important  causative  element,  since  tlicsc  chemicals  destroy  quantities 
of  tissue-cells  and  predisfjose  to  post-operative  oozing  of  blood. 

The  symptoms  of  primaiy  or  aseptic  wound  fever  are  simple  and 
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not  numerous.  A  few  hours  after  a  trauma,  operative  or  accidental, 
the  lemperatiirc  rises  to  JOO*.  lOi*^,  or  even  102''  F.,  rarely  Jiiglicr. 
The  rise  of  tei«|)cratiirc  being  gradual,  and  the  degree  attained  not 
high,  a  rigur  does  not,  as  a  rule,  occur.  The  pul.se  increa.se.s  in  fre- 
quency in  correspondence  with  the  fever.  'i1ie  face  may  be  .slightly 
flushed  and  the  tongue  dr\'.  The  eyes  arc  bright,  and  the  patient 
makes  but  little  complaint  except  to  beg  for  water.  These  sj'-njptoms 
arc  of  very  transitor)*  character.  In  a  few  hours,  or  within  two  days. 
the  reaction  is  over,  and  henceforth  tlie  temperature  remains  noniial 
throughout  the  course  of  healing. 

The  diag;iiOBis,  in  the  presence  of  these  .somewhat  vague  and  un- 
cliaracteristic  symptoms,  must  rest  chiefly  on  a  careful  e.\clu.sion  of 
other  fever-producing  conditions  in  the  wound,  and  particularly  upon 
the  exclusion  of  inlhunniations  in  other  parts  of  the  body  (pneumonia, 
bronchitis,  nephritis).  Since  the  prompt  termination  of  the  febrile 
movement  is  a  most  typical  element  in  (lie  synipttiniatology,  tlie  elini- 
c;d  ob.server  anxiously  w.ilches  for  the  defervescence  to  enable  him  to 
exclude  the  more  dreaded  wo und-com plications.  In  pnietice,  ^^■e  give 
but  little  anxiety  to  a  moilerale  rise  of  ten]|jerature  during  the  first 
twenty-four  hours  after  tniunialism. 

The  treatment  of  this  form  of  wound-reaction  is,  in  operative  sur- 
gery cliiefly.  and  most  pro|>erly.  ]jrophylactic.  The  pro]x;r  prei>aralion 
of  the  patient,  diminutiem  of  traLininti.sni,  abstinence  from  the  use  of 
chemical  antiseptics,  and  curtaihnent  of  exposure  to  air  are  inijiorlant 
points.  I.,axativcs  after  ojieralions  are  often  used.  Knemata  of  warm 
u'atcr,  to  be  rct^iined  and  rcsorbcd.  aid  in  elimination  of  the  poisons. 
In  laparotomies  for  no n -infectious  lesions  it  is  common  and  good  prac- 
tice to  leave  in  the  abdomen  a  quantity  of  sterilized  water,  the  absorp- 
tion of  which  increases  diuresis  and  diaphoresis. 


SAPREMIA. 

The  fevers  thus  far  discussed  have  been  regarded  as  due  to  the 
resorption  of  toxins  hot  elaborated  by  the  action  of  bacteria,  if  we 
cxcqjt  the  case  of  auto-infection  from  putrefaction.  We  have  now 
to  consider  the  systemic  consequences  of  the  invasion  of  wounds  and 
wound -products  by  micro-organisms. 

All  bacteria  produce  their  specific  effects  through  the  action  of  their 
excreta,  or  by  \irtue  of  ihe  injurious  action  of  eerlain  chemical  com- 
pounds existent  in  their  bodies.  Tlie  variety  of  these  chemical  com- 
)>ounds  is  very  great.  Many  bacteria  excrete  products  peculiar  to 
themselve-s — chemical  bodies  often  of  definite  composition  and  of  wcU- 
charactcrizcd  physiological  pro[xrrties. 

When  saprophytes  grow  upon  or  within  the  body  under  such  con- 
ditions that  their  poisonous  products  are  abs<trbed  into  the  system,  we 
speak  of  the  complexiis  of  residting  symptoms  as  sof<rania.  Clinically 
it  is  most  difficult  to  separate  cases  of  pure  sapreniia  from  cases  of 
suppuration  and  .septicemia  liesides  this,  mixed  infections  are  especi- 
ally likely  to  occur  under  those  conditions  in  which  putrefaction  occurs. 
Nevertheless,  there  arc  a  few  tlassicai  forms  of  saprcmia  which  can  be 
fiurly  well  recognized  clinically.     After  childbirtli,  for  example,  the 
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uterus  may  be  regarded  as  a  wounded  viscus.  The  placental  site  is 
the  wound-surface  proper,  which  can  freely  absorb  poisonous  matter 
from  the  uterine  cavity.  If,  now,  a  portion  of  the  placenta  or  of"  the 
fetal  membranes  is  not  expelled,  and  chances  to  become  infected  uith 
germs  of  putrefaction  introduced  through  the  vagina,  the  conditions  for 
the  growth  of  the  saprophytes  are  well-nigh  ideal.  Resorption  takes 
place  with  great  freedom.  I^rge  quantities  of  noxious  matter  are  very 
rapidly  introduced  into  the  system  at  large  and  produce  symptoms  of 
poisoning.  If  the  poisons  arc  not  of  sufficient  quantity  or  of  proper 
kind  to  cause  rapid  death  from  toxemia  (and  this  termination  is  un- 
common), the  offending  mass  of  dead  tissue  may  be  removed  by  the 
attendant's  art,  with  immediate  cessation  of  the  symptoms.  A  patient 
suffering  from  strangulated  hernia  encounters  the  risks  of  sapremia 
from  multiplication  of  intestinal  saprophytes  in  the  strangulated  tissues, 
although  the  action  of  the  more  aggressive  attendant  micro-organisms 
is  often  much  more  portentous.  It  is  possible,  also,  for  the  blood-clots 
and  wound-secretions  of  any  open  wound  to  putrefy  and  produce  a 
condition  analogous  to  that  of  intra-uterinc  putrefaction. 

The  poisons  in  action  are  of  varied  composition  and  of  unequal 
toxicity.  Many  of  the  ptomains  of  putrefaction  have  already  been 
isolated  and  experimentally  studied. 

The  83ntnptotn8  vary  with  the  quantity  of  dead  tissues  to  be  acted 
upon,  the  peculiarities  of  the  infecting  micro-organism,  and  the  rapid- 
ity of  resorption.  We  may  say,  in  a  word,  that  the  symptom-complex 
is  that  of  progressive  poisoning  by  nerve-depressing  and  fever-exciting 
agents.  A  chill,  of  course,  occurs  in  those  cases  in  which  the  tem- 
perature rises  to  102°  or  104°  F.,  as  is  often  the  case.  This  chill,  which 
is  frequently  the  first  sign  of  grave  disturbance,  is  usually  preceded  by 
a  slight  rise  in  temperature,  malaise,  headache,  anorexia,  and  a  coated, 
dry  tongue.  The  pulse  grows  more  frequent  and  soft  as  the  tempera- 
ture rises.  Vomiting,  diarrhea,  scanty,  high-colored  urine,  and  head- 
ache are  succeeded,  as  the  poisoning  deepens,  by  restlessness,  delirium, 
jactitation,  and  cold  perspiration.  At  last,  as  death  approaches,  the 
pulse  grows  weaker,  involuntary  passages  of  urine  and  feces  occur, 
and  delirium  is  replaced  by  coma. 

Should  the  amount  of  culture-medium  be  quite  limited  (blood-clot, 
placenta,  or  other  devitalized  tissue),  the  microbes  may  exiiaust  their 
supply  of  pabulum,  and  the  patient  may  recover  without  more  ado. 
But,  clinically,  the  pus-microbes  are  so  commonly  in  association  with 
the  saprophytes  that  usually  only  a  gradual,  instead  of  a  sudden,  re- 
gression of  symptoms  occurs,  with  a  residuum  of  suppuration,  requir- 
ing a  greater  or  less  amount  of  time  to  disappear.  Typical,  sudden. 
and  gratifying,  however,  is  the  recover)'  when,  in  one  of  the  unusual 
ca.ses  of  typical  saprophytic  to.xemia,  the  putrefying  placenta  is  ex- 
tracted from  the  uterine  cavity.  The  temperature  falls  within  a  few 
hours  and  all  other  outward  signs  rapidly  disappear. 

The  prognosis  of  sapremia,  then,  depends  upon  the  exhaustion 
of  the  culture-medium  or  it."*  mechanical  removal.  Uncomplicated 
cases  usually  recover ;  but  it  is  possible  for  the  system  to  be  over- 
powered in  a  few  hours  by  the  ptomains  of  putrefaction  rapidly  poured 
into  the  blood. 
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So  unusual  arc  these  purely  saprcmic  cases,  and  so  difficult  is  it  to 
exclude  clinically  the  noxious  presence  of  other  bacteria,  that  some 
writers  (Kochcr  and  nivcl)  would  discard  the  term  sapreniia  from  our 
nosology.  The  diagnosis  must  he  based  upon  the  syniploms  men- 
tioned coming  on  a  few  hours  or  days  after  a  trauma,  with  the  added 
consideration  of  the  local  findings.  The  wound  in  .such  cases  will  i>rc- 
sent  some  evidences  (redness,  swelling,  heat,  pain)  of  inflammation  and 
a  discharge  of  thin  acrid  serous  or  serosanguinolcnt  fluid  from  the 
wound.  The  discharge  is  usually  malodorous;  but  it  must  be  borne 
in  ntind  that  well  marked  cases  of  toxemia  and  sapremia  may  be 
induced  by  the  growth  of  microbes  which  do  not  elaborate  putrid 
products.  A  sour  or  rotten  odor  will  usually  be  noted,  however,  and 
foul-smelling  gases  may  be  given  off. 

The  treatoietit  is  first,  of  course,  prophylactic;  careful  antisepsis 
or  asepsis  will  always  prevent  this  wound-complication  in  wounds 
made  by  the  surgeon.  Once  the  condition  is  established,  it  may 
usually  be  cut  short  by  rcmovijig  culture-matter,  establishing  drainage, 
and  frequently  irrigating  the  wound  with  a  suitable  antiseptic  solution. 
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SEPTIC  INTOXICATION. 

Closely  related  to  sapremia  (which  we  have  described  as  a  toxemia 
of  saprophytic  origin)  is  seftic  iNtoxicatiim,  a  disease  due  to  the  resorp- 
tion of  poisons  from  foci  of  suppuration.  That  the  by-products  of  the 
pus-microbes  cause  profound  local  systemic  disturbances,  when  injected 
into  the  healthy  animal  body,  was  proved  long  ago  by  direct  experi- 
mentation. 

Leber,  a»  long  ago  a»  1S79,  in  Mudying  aopcrgillus  kfroliCix,  reachrd  ttir  conclnsion  that 
the  niirro -organism  must  pirnlucc  iomc  si>luhlc  cht-mical  Ixxlit-^  which,  by  lUHusiun  thinu|^ 
the  lisiucs  t>i  the  cornLra,  br.>iigliC  aU'uC  (he  wi(lcfpreii<l  iiiHumiiMtuoii  nulcd.  At  n  later 
dale  also  ( 188S )  he  jnibliahei]  an  ncmuni  i>f  a  crystalline  pyoj;eniL-  bwly,  which  be  called 
phlopMin.  ilerired  fmin  pure  eullurrs  nf  |nit>-niicroliev  Oihrr  obwrverk  have  found  thai 
the  cdU  of  nuiny  bacteria  cantain  priXeitU  capable  of  cau.-ang  no n- progressive  (asqitjc) 
wppyratioD  and  of  terinuily  aflecting  the  general   «yateni  when  injeciM  into  cellalar  ti^tsue. 

The  resorption  of  to.xic  chemical  bodies  from  foci  of  localized  sup- 
puration is  dependent  upon  a  variety  of  conditions.  Graniilation-tiuHe 
does  not  readily  absorb  chemical  bodies,  since,  as  Uillroth  long  ago 
pointed  out.  the  granulation-tissue  closes  up  the  Ij'-mphatic  spaces. 
The  destruction  of  this  gninulalion-lissue  barrier  is  sometimes  followed 
by  a  rapid  rise  of  tcniperalure.  Pressure  icitbin  ait  unopened  abscess 
is  resjMHisible  for  alninsi  all  the  resorption.  The  pus-poisons  are  re- 
sorbud  readily  even  by  granulations  when  under  pressure.  Drainage 
of  abscess-cavities  has  for  its  object  the  removal  of  this  pressure;  if  it 
were  not  .so,  the  fever  would  remain  high  even  after  drainage  is  estab- 
lished, since  the  wound-surface  continues  to  be  bathed  in  pus.  This 
is  proved  by  the  fact  that  the  temperature  rapidly  rises  when  pressure 
is  re-established  in  the  abscess-cavity  by  plugging  the  drainage-open- 
ing. Often  a  patient  suffering  from  abscess-formation  has  a  higher 
tcmfK-raturc  for  a  few  hours  after  the  opening  of  the  abscess  than  he 
had  when  the  pressure  was  at  its  height.  This  is  due  to  the  opening 
of  lymph-spaces  to  resorption,  by  the  surgeon's  incision.  Pressure  has 
i« 
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another  effect  on  the  process  of  septic  intoxication — that  of  favoring  the 
spread  of  the  infection  into  remote  tissues,  thus  increasing  at  once  the 
absorbing  area  and  the  amount  of  the  poisons  capable  of  being 
resorbcd. 

Not  only  are  the  toxic  substances  elaborated  by  pyogenic  organ- 
isms capable  of  producing  temperature-elevation,  but  the  bodies  of  the 
bacteria  themselves  are  equally  poisonous.  The  bacteria  destroyed 
in  the  contest  with  the  tissues  therefore  add  to  the  septic  intoxi- 
cation. 

We  speak  clinically  of  intoxication  when  we  have  to  deal  with  a 
systemic  poisoning  of  pyogenic  origin,  in  which  there  is  reason  to 
believe  bacteria  from  the  infected  site  have  not  found  their  way  to 
distant  scats  or  into  the  circulating  blood  itself.  We  feel  especial 
confidence  in  such  a  diagnosis  after  wc  have  excluded  the  possi- 
bility of  septicemia  by  affording  drainage  to  the  abscess  and  after  we 
have  found  that  all  evidences  of  toxemia  are  thus  caused  to  dis- 
appear. 

Tlie  degree  of  intoxication  does  not  depend  in  given  cases  of  septic 
poisoning  upon  the  quantity  of  pus  present.  A  small  amount  of  pus, 
even  a  drop  or  two,  under  the  periosteum,  for  example,  may  cause  more 
violent  symptoms  than  a  half-pint  under  the  looser  parts  of  the  skin. 
The  to.xicity  also  depends  on  the  character  of  the  cultures  from  which 
the  inoculation  was  made.  Infections  from  exceptionally  virulent  cult- 
ures f^ive  rise  to  much  greater  disturbance  than  those  from  weaker 
growths  of  the  same  bacterium.  No  doubt  the  lymphatic  apparatus 
reacts  to  the  toxins  of  pyogenic  bacteria  somewhat  as  it  does  to  the 
bacteria  themselves,  as  will  be  presently  described  (Halban). 

The  clinical  course  of  septic  intoxication  is  the  clinical  course  of 
the  systemic  reaction  in  local  suppuration.  A  furuncle  will  often  dis- 
charge into  the  bIoo<i  quantities  of  to.vins  suflRcient  to  create  great 
systemic  disturbance.  The  temperature  gradually  rises  with  the  growth 
of  the  inflammatory  focus,  so  that  often  in  a  few  hours  it  reaches  104° 
or  105"  F.  Should  a  large  ciuaiitity  of  tlie  to.vins  be  suddenly  thrown 
into  the  circulation — /.  c.  wlicn  the  inflammation  is  rapidly  progressive 
and  virulent,  or  when  an  abscess  bursts  into  an  actively  resorptive 
cavity — the  intoxication  will  be  evidenced  by  a  chill  preceding  the  rise 
of  temperature.  In  moderate  ijitoxications  the  fever-curve  is  fairly 
regular,  being  lower  in  tlie  morninf^  than  in  the  evening,  as  a  rule.  The 
elevation  continues  until  the  entire  quantity  of  re.sorbable  material  has 
been  removed,  as  may  be  the  case  with  small  and  peculiarly  conditioned 
foci,  or  until  the  pro^'ressive  spread  of  the  inflammation  with  the  usual 
necrosis  and  liquefaction  of  tissues  in  the  line  of  least  resistance  per- 
mits the  escape  of  the  pus.  If  large  quantities  of  pus-toxins  are  thrown 
rapidly  into  the  circulation,  death  may  result  from  the  sudden  violent 
depression  of  the  vital  jjowers. 

-Septic  intoxication  must  be  clinically  differentiated  from  septicemia, 
according  to  rules  formulated  under  the  heading  Septicemia.  In  alt 
forms  of  pyogenic  tempcrature-clc\ation  a  septic  intoxication  is  present, 
but  wc  must  exclude  septicemia  before  limiting  our  diagnosis  to  septic 
intoxication  alone. 
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SEPTICEMIA,  PYEMIA,  AND  SEPTICOPYEMIA. 

By  septicemia  we  mean  that  form  of  systemic  poisoning  in  which 
living  bacteria  enter  the  blood.  It  is  necessary  thiit  the  microbes 
reproduce  themselves  in  the  blood,  and  that  they  be  found  alive  in 
tliat  fluid,  capable  of  growth  when  planted  upon  suitiblc  media.  We 
exclude  by  common  con.-^cnt  those  infections  which  arc  not  tj'pically 
pyogenic  in  character  (anthrax,  glanders,  etc.).  Septicemia  is  therefore 
not  necessarily  associated  with  putrefaction. 

Pyemia  no  longer  means,  as  its  etymology  implies,  pus  in  the  blood. 
By  pj-emia  we  now  mean  a  form  of  blood-poisoning  by  pyogenic  or- 
ganisms, in  which  living  bacteria  arc  transported  by  the  blood -currents 
to  distant  tissues,  where  they  grow  and  produce  abscesses;  so  that  in 
pyemia  the  production  of  multiple  abscesses  is  the  typical  pathological 
change,  just  as  in  septicemia  the  dominant  feature  is  the  systemic 
intoxication  with  tlie  living  bacteria  in  the  blood. 

Septieopyattia  is  a  clinical  tenn  used  to  convey  the  impression  that 
the  symptoms  of  sepsis  arc  marked  as  well  as  those  v^f  pyemia. 

At  the  present  time,  therefore,  we  do  not  draw  a  sharp  h'ne  between 
these  three  forms  of  pyogenic  disease.  Neither  theor)'  nor  practice 
would  now  justify  such  a  distinction,  since,  as  the  jjalliogcnic  organi.-ims 
are  the  same  in  each  of  tJiesc  conditions,  the  morbid  anatomical 
chattges  vary  more  in  degree  than  in  kind,  and  the  clinical  signs  do  tint 
enable  us  to  distinguish  unerringly  between  them.  This  inability  to 
separate  these  forms  of  one  disease  lias  been  delayed  Jn  recognition 
because  in  some  of  the  lower  animals  typical  septicemias  arc  found — 
/.  t-..  tlie  same  bacterium  injected  into  the  blood  always  produces  the 
same  form  of  scjiticemic  disease.  In  man  the  pyogenic  microbes  not 
only  produce  septicemia  and  pyemia,  but  also  local  infections  whose 
manifestations  are  often  entirely  distinct  from  any  sy-stemic  disease 
cxcqjt  a  transitory  intoxication.  We  have  in  man.  then,  no  specific 
micro-organism  of  septicemia  and  of  pyemia.  The  clinical  pictures  of 
these  <iiscases  are  often  obscured  b\'  primary  local  disturbances  which 
may  even  prevent  the  unwary  practitioner  from  recognizing  the  sys- 
temic invasion. 

While  it  is  true  that  man's  septicemia  is  not  a  (yjncal  disease,  many 
lessons  and  suggestions  may  be  gained  by  n  slutly  of  the  tyjjical  sej>- 
ticcmias  of  lower  animals. 

'  clasucal  rcwareh  in  (his  dcnaTtnicnl  nf  invr?%lit>aiinii  is  that  of  Koch  on  iricuu-  iffti- 
l8'6|,  who  fotiml  tliat  by  injecting  bUxMl.  which  hud  \'ttn  oMovvA  to  putrefy  for  two 
or  thtn- lUyj^  into  the  cellular  tissue  of  house-mice.  ■  tnorlol  disease  was  pnxiuccd,  exeii  when 
onlv  r>*r  limps  uf  ihr  ^utA  were  injected.  Varii>u«  romi*  of  Saciem  were  fiiund  in  ih^ 
cellular  tisAuet  uf  the  back  uhi-ie  the  injcclion  hail  been  made,  llie  or|;an&  of  the  dead 
antiDflU  were  ronod  nnmijl  in  tippr, trance,  and  tl)i%  fnrt,  taken  in  ronjunetinn  with  tlie  fnct 
ihal  the  DHiuti;  live^l  unly  r»ui  nr  fite  iit>ur>,  leil  KiKh  to  Uiink  the  caufte  uf  <lvalh  was 
loi«mia  and  rwl  -triuicemi-i  lie  iHeii  iiijr»-ted  amilhrr  »*-rie*  of  mire  witii  wuller  dosrft— 
oiic  lo  two  <lm|M.  The  ma)i)iity  ff  the  infected  aiiimaU  lived ;  but  a  few  died  in  about 
Iwrniy-fouT  hourfl.  The  latter  at  lirst  drt-elojied  a  cnnjunctivili« :  then  the  rnoeemenl).  of 
the  aaiinal  became  more  nlow,  ihc  back  became  arched,  and  the  eitremjlieTi  drawn  up. 
Anorciia  wt  in.  reBpiralion  beounc  very  sluw.  and  vital  deprrttnon  emlcd  in  denlli.  The 
lune  effect  wa*  ohiAined  viith  one-lcnlh  of  a  drop  of  ihe  li^juid.  death  occurrinf;  fnny  or 
H  fifty  bnura  after  the  injection.      After  death  the  animal  rcmainc*)  in  llic  ximc  |io»itiun.     At 

H  tbe  auinpay  the  nrganH  apjveared  normal,  but  the  spleen  seemed  a  liiilc  enlati^ed.  If  nitir 
H  one  tenth  of  a  drop  of  bloud  from  the  dead  motue  was  n^cd  lo  inoctilnie  a  healthy  Dolmal, 
I         ih«  lante  disease  d«vc)oped  and  tbe  mouse  died  in  f^^y  hours.     In  his  fint  pnblicatian  on 
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this  subject,  Koch  reported  54  mice  successively  inoculated  with  the  septicemia  ;  so  that  no 
doubt  cuuld  be  entertained  in  regard  to  the  bacterial  character  of  the  disease  or  its  deadljr 
activity.  The  bacteria  were  seen  with  difficulty,  until  Abbe's  condenser  and  good  one- 
twelfth-inch  objectives  were  used.  They  were  found  to  be  minute  bacilli.  The  bactem 
were  proved  to  exist  and  to  thrive  in  the  blood,  since  the  blood  always  showed  the  bacteria 
without  regard  to  the  vessel  from  whith  it  was  drawn. 

These  pyogenic  microbes  seemed  to  retain  their  virulence  unimpaired 
throughout  many  generations.  In  man,  the  organisms  are  of  widely 
varying  virulence,  and  may  be  introduced  under  varying  circumstances 
which  cither  favor  or  militate  against  their  growth.  Their  numbers  may 
be  great  or  small,  so  that  they  are  sometimes  defeated  in  their  contest 
with  the  tissues,  and  at  other  times,  when  in  great  number,  may  produce 
a  frankly  local  process  or  one  of  a  spreading  character.  Consequently 
there  is  no  pus-microbe,  the  injection  of  a  culture  of  which  will  produce 
in  ail  cases  a  septicemia  in  man.  We  must  hasten  to  add  that  we  do 
not  as  yet  know  all  the  conditions  which  are  required  in  order  to  pro- 
duce septicemia.  Some  of  the  favoring  conditions  are  known  and  these 
will  be  presently  discussed. 

Some  authors  (Monod  find  Macaigne)  distinguish  between  a /rr'mar)' and  &  secondary 
septicemia,  the  foniicr  being  that  in  which  only  an  insignificant  point  of  entrance  is  noted. 
the  latter  that  in  which  much  inflammatory  disturbance  exists  at  the  points  of  entisDce  of  the 
microbes  into  the  body. 

The  disscm'matio7t  of pits-microhcs  from  the  point  of  entry  into  the 
blood  has  been  the  object  of  much  study.  In  the  case  of  the  primary 
septicemia  mentioned — usually  Instances  in  which  an  inoculation  of 
very  virulent  bacteria  has  been  efifected — the  micro-organisms  may  be 
carried  with  great  rapidity  into  the  blood,  conceivably  by  direct  intro- 
duction into  the  capillary  vessels  in  the  case  of  traumatism,  but  usually 
by  the  lymphatic  route. 

H.ilban,  whose  researches  on  the  lymph-glands  in  pus-infection  will  be  presently  dis- 
cusstKl  in  detail,  denies  the  occurrence  of  bacterial  trtinsntissitm  fiy  blood-turrenii  from  the 
bleeding  wounds.  In  addition  to  ai^umenls,  he  presents  the  records  of  simple  but  seemingly 
cruL'ial  experiments.  Rabbits  were  wounded  in  one  of  their  legs  and,  while  the  wound  wai 
bleeding,  a  ihse  of  a  virulent  culture  of  anthrax  bacilli  was  wiped  off  upon  the  wound.  The 
animals  not  treated  died  in  twenty- four  or  ihinysix  hours;  but  when  the  leg  was  amputated 
at  the  shoulder-joint  two  or  two  and  otie-h.ilf  hours  after  the  infection,  death  did  not  occur, 
This  proves  that  the  infection  was  arretted  for  two  hours  in  the  1^,  and  as  the  lymph-glands 
showe<l  abundance  of  bacilli,  it  is  cviilcnc  that  Schimtnclbusch  is  mistaken  in  assuming  thai 
pathogenic  bacteria  pass  dircutly  into  the  blood  in  the  infection  of  bleeding  wounds. 

As  is  well  known,  the  chcmotactic  power  of  the  pus-microbes  is 
very  great — that  is,  tlic  leukocytes  are  attracted  toward  these  bacteria 
with  especial  force.  Tlie  bacteria  arc  often  enclosed  by  the  leukocytes, 
and,  if  alive  when  thus  taken  up,  as  maintained  by  Metschnikoff,  they 
may  retain  their  vitality  even  when  transported  in  this  way  to  great  dis- 
tances. That  living  bacteria  do  pass  into  the  blood  by  way  of  the 
lyiiipfi-/>assa^!^is  lias  been  fretiuently  demonstrated;  and  their  direct 
introduction  into  the  lymph-spaces  by  open  wounds  favors  this  mode 
of  transmission  very  greatly. 

Leaving  out  of  prirsent  consideration  their  initial  local  eflfects,  many 
of  the  bacteria  deposited  in  tJie  lymph-spaces  arc  quickly  carried  to  the 
nearest  lymphatic  glands ;  or  sometimes  they  may  set  up  a  more  or 
less  viok-nt  lymphauf^itis.  Tliis  inflammation  may  be  limited  to  redness 
and  tenderness  indicating  the  lines  followed  by  the  lymph-vessels,  or  it 
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may  be  of  a  suijpurative  character,  in  which  case  one  or  more  abscesses 

will  develop  in  the  course  nf  ih<^  lymphatics. 

When  gramdations  arc  present,  the  oUlerantl  more  highly  differen- 
tiated tissue  of  the  body  Is  protected,  as  Hillroth  argued  and  as  Leber 
has  so  well  demonstrated,  by  a  wall-like  ajigrej^ation  of  leukocytes,  new 
connective-tissue  corpuscles,  and  attendant  new  blood- vessels.  The 
lymph-spaces  arc  therefore  closed  toward  the  wound,  and  before  they 
can  be  oix-ned  the  graindation-l issue  wrdi  must  be  broken  dorni.  This 
is  well  illustnitcd  by  the  well-known  cllnica]  fact  tluit  probing  an  old 
sinus  will  often  cause  an  er>-sipelas  to  develop — that  is,  the  probing 
causes  a  lesion  of  the  granulation-tissue  wall  through  which  the  bacteria 
enter. 

W.  NoeUel  has  reccolly  expcrinicDlixl  upon  tliis  Hibject.  tie  dcnudnl  large  surfaces  ni 
mnilr  ric^  pix:kfH  in  ihf  liack-^  of  shwp  and  pArL'tvl  or  drcvirH  thttn  wilh  Mcrile  ifaiizc. 
When  licultfty  KrnniilaliMiifc  hnd  bccii  e»liili!i»ln.Hl.  «x|M:nntet)<>»  wjt)i  uijciijli»aiiil  toxins  were 
inMitutol.  As  itiocubliou  ntulccjiti,  L-ulnirr>  uf  ^|>1cmr  fever  liavillu''  wrrc  w-vA.  ami  fine* 
the  tlitep  \s  highly  MtvcjiiiUr  10  Anthrni,  ihc  cntmnceof  the  bacilh  iHiuibcbliKM)  vruuld  he 
proved  \rj  the  aiiuniil's  ilniDi  fnirn  Dial  disuse.  In  no  cnse  wlirn  iMnelrrin  wtrrr  spread  uuon 
ihe  inwcl  Rmnulnlion*  wa*  nn  itiDculniioii  effwicd.  Control. animals  inorulaied  ■witii  11 
uiMller  iiHinbi'-i'  uf  bacteh;!  and  over  a  muvh  Mtinllrr  surface  vA  a  fmb  wound  died  in  thirty 
hours.  When  the  j[innu?alion5  were  injured  during;  ihe  dreuings  the  aiilhrax  bacilli  found 
cntnocc.  vau^in;;  the  aniiniilS  denlh.  llillnilti  bud  peribrmcd  practically  ihe  soine  expcn- 
mmi,  instilutirij;  t;i^nu1alin{;  wi>uikI^  on  ihc  l>ack«  of  dogs  and  applying  p"&  frum  stippuratintc 
hmnan  wounds  ujxim  the  gmnulaling  surface.  No  rcJiction  lulh^wcd ;  but  when  the  pua 
was  apjilied  lu  a  fre^h  wound,  »uipti>ni»  i>f  intoxiailiun  and  ^ejniceiiiia  snrm  develnpni. 

Tfie  relation  of  tkc  lymphatic  glands  to  the  resorption  of  hacteria  from 
the  cellular  tissues  is  most  important.  It  is  generally  conceded  that 
the  function  of  the  lymphatic  nodes  is,  so  far  as  infection  is  concerned, 
to  fitter  out  and  destroy  bacteria.     They  act  also  upon  bacterial  toxins. 

The  recent  studies  of  Ja»cf  Halluin  ( 1S97 )  have  added  much  to  onr  knowledge  uf  thia 
wbjec!  and  are  worthy  of  considcralion. 

When  the  yel]ow  pus-microbe  wa*  introduced  into  the  legti^'mci  of  na  experimcnul  aiii- 
tnal,  mrylng  periods  elapsed  before  the  b»cicria  were  dcmnu^irahW  in  the  regional  glandsL, 
depending  first  upon  the  nuKle  of  intrfKliiclinn.  If  ihe  haclrria  were  nni  KU^jirndrd  m  fltiid, 
bat  were  niMietl  inio  the  3uticuUint-iiu.'<  umllc,  they  ilid  not  ap|>eaT  in  the  ^timh  uiiiil  four 
hours  had  clap»cd,  ■  circiinKtancc  due  to  the-  l-i^k  nf  fltiid  which  enabled  the  mictohcs  to  be 
taken  up  riuicLly  by  the  lymphatics.  Again,  the  ii'/c  of  the  mjuttoH  was  fiituid  tu  be  imixit- 
tant.  If  the  fluid  was  inliwluced  into  the  muscular  tU%ue,  the  bncterin  were  diHcovercd  in 
the  glandk  ai  (he  end  uf  one  hour.  Muscular  aLtivily  wai  ixinsiileied  an  active  a{[eiil  in 
causing  a  rapid  movement  of  the  micntbrs  into  the  lymphatic  vevM:l<i. 

More  AurpTiking  and  niivel  wjc  the  deniutiktmtinn  ihiti  toine  kind*  of  1>ac1cria  could  be 
VanoA  in  the  gland*  mnch  mioihtt  thnn  olhi-ts.  Thus  the  Micnicoccu!^  prwligtoHi^  wa«  dcm- 
oiutrable  in  the  regional  glands  a  few  minule*  after  injection ;  the  SiaphvIociKCiis  pyog- 
enes in  one  httur,  and  the  atillirax  lucillus  cmly  after  two  and  one  half  houti.  Ilaiban 
captains  ihi«  difference  by  arguing  that  the  microbes  are  attacked  with  varying  energy  by 
Ibe  f|4uKti|  M>  that  ihme  micro-OTganistn»  which  are  slightly  or  not  at  all  influenced  are 
rapiiOy  demonstninle,  while  those  em^rgcrtieally  destroyed  are  demnniitnible  only  after  ihcy 
bave  overcome  the  reuoting  jiowet  of  ihe  ghmd  lUlban  nhowed.  furthennoTe,  ihal  the 
fafkngemh  taiteria  art  JrHttitttriiliU  much  /ij/<-r  tb.-in  tlie  u^npttthugi-nic,  and,  in  aildiiion, 
Ihal  the  more  vtmlrnt  the  microbe,  the  more  »lowly  wa»  it  suveptibV  of  demon  Mm  tin  n, 

W')ten  Ihe  biclefia  gain  entrance  li>  ihe  glanils.  they  are  ^fmcnslriihU  at  fir./  tri  smull 
mumhtr,  increaM  in  number  rapidly,  reach  a  maximum,  again  numei-icnlly  diminish,  and 
finally  di»appe«r.  After  the  uiicnjlicN  have  oiu-e  appe-jied  in  the  glauds,  one  or  two  hours 
at  most  etap<e  luitil  they  have  disappeared.  There  is  now  a  latent  period  in  which,  fur 
fiveor  »e»en  hours,  abwdulely  no  imitru-orgnriism*.  or  in  uniioual  cases  50  01  feobacleria, 
kre  diM-overable  in  the  regiaiuil  glandi^  .\itcT  thi*  latent  pcno<t,  the  boclena  again  npjiear 
u  -btlorr,  a  maximum  is  reached,  the  number  diminishes  and  at  length  they  dituippear 
again.  This  series  uf  changes  can  be  repeale<i  a  number  of  limes,  ibc  tinal  uutcmie  depend- 
ing on  whether  the  bacteria  are  pathogenic  or  ivut.  The  noijiiatbogenic  tinallr  diappear 
entirely  :  but  the  patboeentc  increase  and  lead  at  laM  to  the  death  of  lh«  aninwl.     The 
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alternating  appearance  and  disappearance  of  the  bacteria  represent,  according  to  Hnlban. 
the  varying  struggle  of  the  bacteria  with  the  bactericidal  elements  of  the  glands.  ' '  Now," 
says  lialban,  "  if  we  represent  graphically  this  cyclical  appearance  and  disappearance  of 
the  bacteria  by  a  curve  in  which  the  abscissas  indicate  the  time  and  the  ordinates  the  quan- 
tity of  bacteria,  we  obtain  a  curve  which  strongly  recalls  the  temperature-curves  which  we 
are  accustomed  to  see  in  septic  diseases.  And  since  my  later  experiments  have  sbown  me 
that  a  certain  congruity  exists  in  the  relations  between  the  internal  organs  and  the  lymph- 
glands,  it  seems  to  me  that  in  tliis  cyclical  appearance  and  disappearance  of  the  bacteria  in 
the  oi^ans  we  have  an  experimental  basis  fur  imderstanding  the  remarkable  fever  relations 
in  septic  diseases." 

Another  striking  fact,  susceptible  of  easy  clinical  verification,  is  experimentally  demon- 
strated by  Hnlban.  The  glands  respond  to  infection  by  a  rapid  increase  in  tAeir  /ympkoiJ 
substance.  After  ten  days'  local  infection  with  Staphylococcus  pyogenes,  the  volume  of  the 
r^ional  glands  is  augmented  twenty  or  twenty-five  limes,  without  any  microscopical  chaise 
except  the  increase  in  the  lymphoid  .substance,  Halban  adds  that,  in  spite  of  the  presence 
of  a  local  abscess,  the  staphylococci  in  the  enlarged  regional  glands  arc  scarce  (sometimes 
200).  Hence  he  concludes  that,  with  the  increase  in  the  number  of  bacteria  gaining  en- 
trance into  the  lymphatic  ves.scl.s  the  glands  themselves  increase  in  sire  until  they  are  able 
to  cope  with  the  microbic  enemies  and  prevent  their  growth  in  the  gland -substance.  That 
the  non- pathogenic  bacteria  pass  through  the  l)'mphatic  glands  is  proved  by  the  fact  that 
they  were  found  in  the  viscera  a  few  minutes  after  injection ;  but  the  path<^enic  orEoo- 
isms  made  their  appearance  there  only  when  many  hours  had  elapsed  after  they  had  been 
observed  in  the  lymph-glands. 

Pyogenic  bacteria  once  introduced  into  the  blood  may  grow  there 
and  increase  in  number,  producing  septicemia;  they  and  their  products 
may  be  killed  or  neutralized  in  the  blood  by  the  action  of  the  cliemical 
bodies  called  by  Buchner  sozins  and  alexins,  and  by  the  leukocytes; 
they  may  be  deposited  in  various  distant  structures,  where  they  become 
locally  active  and  institute  pyemia ;  they  may  be  destroyed  by  the  tissue- 
cells  of  the  parenchymatous  organs — liver,  spleen,  bone-marrow,  etc.; 
or,  finally,  they  may  be  excreted  in  a  living  state  by  the  glandular 
excretory  organs. 

Pathologists  are  now  inchned  to  regard  the  pyogenic  staphylococci 
as  the  organism.s  most  frequently  engaged  in  metastatic  suppurative 
processes,  while  the  streptococci  arc  thought  to  limit  their  activity 
more  closely  to  regional  inflammation.  Nevertheless,  there  are  some 
clinicians  (v.  Bergmann)  who  strongly  oppose  the  notion  that  we  can 
legitimately  separate  the  micro-organisms  in  this  way.  For  the  present 
we  must  forego  the  temptation  to  draw  hard  and  fast  lines  between  the 
septic  effects  produced  by  these  great  pyogenic  groups. 

The  gonococci  are  now  provcti  to  be  capable  of  producing  not  only 
local  but  metastatic  [)yogenic  effects.  Wertheim  has  shown,  by  careful 
microscopic  examination  of  an  excised  piece  of  bladder  mucous  mem- 
brane from  a  case  of  gonorrheal  cystitis,  that  "  in  the  epithelium  and 
connective  tissue  an  extraordinary  number  of  gonococci  were  present 
In  the  submucous  tissue  there  was  a  considerable  number  of  capillaries 
and  verj''  small  vessels  filled  with  gonococci,  partly  degenerated  and 
partly  well  preserved.  In  many  places  there  was  complete  obstruc- 
tion of  the  lumen ;  in  others  a  mural  projection  was  seen.  The  gono- 
cocci were  found  only  in  capillaries  and  in  the  precapillary  veins,  while 
the  arteries  were  free."  Prof  Jadassohn  adds  that  in  this  way  it  is 
shown  that  metastases  of  the  gonorrheal  process  can  occur,  and  that, 
too,  through  a  true  gonorrheal  thrombophlebitis.  That  the  joints  in 
gonorrheal  rlicumati.sm  contain  gonococci  has  been  proved  by  numer- 
ous cultural  as  well  as  bacterioscopic  examinations.  Welch  has  shown 
that  endocarditis  in  association  with  other  pyemic  morbid  changes  may 
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be  due  to  the  action  of  gonococci.  Gonorrheal  arthrititles  and  the 
associated  visceral  pyogenic  lesions  are  to  be  regarded  as  expressions 
of  true  gonorrlical  pyemia. 

Not  only  gonorrheal  rheumatism  but  also  acute  rheumatic  poly- 
arthritis is  to  be  regarded  as  df  a  sL-ptic,  if  not  pyemic,  character. 
Numerous  observ'crs  (GuHniann,  Sahli,  liiirbicr)  have  found  pyogenic 
cocci  in  the  joints  in  acute  rheumatism ;  but  no  specific  organism  has 
thus  far  been  found.  The  fact  that  an  angina  has  preceded  many  cases 
of  the  disease  (older  writers,  and  later  Buss.  Eichhorst,  Jaccoud)  has 
seemed  to  lend  probability  to  tlie  infection  thcorj'  by  supplying  a  dem- 
onstrated atrium.  Tlieti.  again,  the  clinical  signs  are  typical  of  a 
metastatic  aflfection.  and  tlie  piist-mortem  findings — cloudy  swelling  of 
the  myocardium,  liver,  ami  .■spleen,  antl  the  frctjuent  endocarditis — seem 
to  point  with  conclusivene.<;s  to  the  pyemic  character  of  the  malady. 
For  the  present,  however,  we  await  further  bacteriological  study  of 
the  <lisease. 

Pathological  Anatomy, — In  those  violent  cases  of  sepsis  in 
which  death  taUes  place  within  a  few  hnurs  after  the  infection,  a  careful 
anatomical  study  of  the  tissues  at  the  autopsy  may  reveal  no  lesions 
and  may  fail  to  throw  light  on  the  nature  of  the  disease.  Dependence 
is  then  to  be  placed  upon  the  discover>'  of  the  active  pathogenic  agents 
by  cultural  methods,  using  material  from  the  blood,  the  bone-marrow, 
and  the  viscera,  while  the  clinical  histor>*  has  often  to  be  utilized  in 
making  up  the  diagnosis,  especially  where  no  infection  atrium  can  be 
found.  But  if  the  disease  has  not  been  so  t[uickly  fatal,  if  the  toxins 
set  free  by  the  micro-organisms  have  had  time  to  act,  and  if  ele- 
vated temperature  has  for  a  time  exercised  its  influence  upon  the  body, 
many  of  the  tissues  will  present  evidences  of  doudy  swelling  or  even 
of  fatty  degeneration.  \Vc  are  told  in  the  text-books  on  pathological 
anatomy  and  clinical  medicine  to  expect  an  enlarged  spleen.  But  the 
spleen  is  often  of  ordinary  size,  even  in  cases  in  which  the  blood  find- 
ings are  |>ositive  (M.  Hahn).  The  spleen  when  enlarged  convtitutes 
often  a  palpable  mass  in  the  left  hypochondrium.  ami  is  often  referred 
to  clinically  as  an  acute  splenic  tumor  or  swelling.  On  pressure,  the 
pul]>  yields  readily  To  the  finger,  and  inspection  sliows  a  minimum  of 
connective  tissue.  A  large  qtiantity  of  blood  in  the  organ  helps  to 
give  the  tissue  a  bright  red  appearance.  The  niarnm'  oj  the  long 
^nes  is  similarly  softencfl,  redder  than  usual,  and  congested  (Kolisko). 
It  will  be  seen  that  these  indirect  or  remote  changes  are  not  peculiar  to 
pyogenic  disease,  but  are  common  to  the  acute  infections. 

Much  more  characteristic  are  the  morbid  alterations  which  follow 
in  the  direct  track  of  the  infection.  At  the  infection  atrium  nothing 
may  be  found — a  few  hours  may  suffice  for  the  closure  and  obliteration 
of  the  wound  (*•.  ^i^'..  a  hypodermic  jiimctiirL-),  Sepsis  taking  origin  in 
this  way  is  clinically  known  as  a  cryptojrenetic  nr  spontaneous  Infection. 

I.«ube  tuu>  (lefcribed  n  nunibct  of  sucli  cuks  nn<]  his  laid  dowD  rules  for  ihdr  diafcnnsi* ; 
bat  lumlly  R  iocal  Icsnn  will  Ix'  not«^— a  nmpic  nbnrr»i.  a  ^trending  phtr|;nv.<tioii->  inflntn- 
mtioil,  or  ■  focot  of  »u{i))urati<tn  ui>drr  preMurc.  Kuchrr  calU  nt(ciitir>n  li>  the  inf\  lh«l 
aywguik  infection  is  nwrr  likely  to  occur  wbm  lite  bnitrna  at  llic  |>ninnr>'  mIc  of  diwaw 
bairc  bad  to  gniw  ai;ain*i  much  cellular  rcsitUncc.  In  thit  way.  if  thr  Wctcri*  ovrrcooie 
the  IJMDrs,  (he*  will  hiTc  a  haf:'"'''*^  viiulrnce.  Knchcr  citr»  ciuc»  fiom  hi*  own  pric- 
tice  in  whkh  the  untcomyelitic  form  of  pyemiii  occurred  after  such  priouiry  infections 
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A  carbunck  is  especially  prone  to  produce  septicemia  because  the 
toxins  of  the  pus-microbes  arc  forced  rapidly  into  the  circulation  and 
because  the  bacteria  themselves  can  easily  pass  into  the  lymphatics  or 
even  into  small  veins. 

When  extensive  surf;ices  capable  of  very  rapid  absorption  are  sud- 
denly flooded  with  infected  fluids,  acute  toxemia  is  likely  to  result  ven- 
quickly  in  death.  An  example  of  such  a  morbid  anatomical  catas- 
trophe is  to  be  found  in  the  rupture  into  the  abdominal  cavity  of  a  gall- 
bladder distended  with  pus  or  mucopurulent  fluid.  But  when  acute 
chemical  poisoninf;  is  withstood,  the  system  is  swept  with  bacteria. 
which,  by  way  of  the  blood,  are  carried  in  a  few  minutes  to  all  parts  of 
the  body.  These  organisms  may  be  demon.strated  then  in  the  blood 
and  in  the  parenchymatous  viscera. 

The  present  consensus  of  opinion  among  bacteriologists  is  that  the 
streptococcus  of  Fehlcisen,  which  was  once  thought  to  be  the  specific 
microbe  of  erj'sipelas,  is  capable  of  producing  suppuration.  This 
means  it  is  identical  with  Streptococcus  pyogenes.  Petruschky  reports 
a  number  of  cases  in  which  the  same  organism  was  cultivated  from  the 
etysipclatous  skin  and  from  abscesses  in  the  same  patient,  cvidentlj" 
anatomically  connected  with  the  dermatitis.  Krj'sipclas  has  long  been 
recognized  as  a  fruitful  source  of  blood-poi-soning.  Many  observers 
have  shown  that  during  attacks  of  erysipelas,  .streptococcus  abscesses 
occur,  and  that  these,  as  well  as  other  forms  of  septic  disease,  are 
common  either  in  the  course  of  er>'sipelas  or  as  sequeI,-E. 

The  changes  taking  place  in  the  lymphatic  ves.sels  engaged  in 
carrying  pyogenic  orj^anisms  from  an  infection  atrium  may  be  so  slight 
that  no  clinical  or  post-mortem  chanj^e  can  be  made  out.  But  a 
lymphtinsritis  often  occurs — indicated  clinically  by  red  lines  widening 
here  and  there — running  over  the  skin  if  the  inflammation  be  near  the 
surface  of  the  body,  and  converj^ing  toward  the  lymphatic  glands  of 
the  region.  This  lymphangitis  may  become  locally  Wolent  and  termi- 
nate in  suppuration.  The  vessel  then  becomes  the  center  of  an  abscess. 
Such  abscesses  may  form  in  numbers  along  the  course  of  the  lym- 
phatic vessels.  As  a  rule,  liowever,  the  bacteria  proceed  to  the  re- 
gional glands  without  .'?upi>urative  lymphangitis.  The  morbid  changes 
in  the  glands  wc  have  alreadj'  described  for  those  instances  in  which 
suppuration  fails.  It  is  always  pos.sible,  however,  that  a  flood  of 
microbes  may  be  carried  to  the  regional  glands  by  the  lymphatic 
vessels  witli  such  rapidity,  and  in  association  with  so  much  bacterial 
poison,  that  the  cells  are  unable  to  dispose  of  them.  Suppurath'i 
lymphatic /litis  will  then  be  found.  In  the  cut  section  of  the  glands 
small  isolated  ab.'^cesscs  may  be  noted  located  in  the  midst  of  the  pulp, 
or,  at  a  later  stage,  the  glancl-capsule  may  contain  nothing  but  a  broken- 
down  mass  of  shredd}-  tissue  mixed  with  pus.  Naturally,  such  glands 
are  not  only  incapable  of  further  protecting  the  .sy.stem,  but  are  them- 
selves a  menace  to  its  welfare,  constituting  new  foci  of  disease.  The 
resisting  fibrous  capsule  soon  breaks  down  altogether  at  some  point, 
and  the  pus,  escaping  into  the  loose  areolar  tissue,  forms  abscesses 
{peri-niiiiiitis). 

Once  the  microbes  have  passed  the  lymphatic-gland  barrier,  they 
are  poured  with  the  l\-mpliatic  current  into  the  btood.     Swiftly  they 


Inliitmion  of  musculM'  tissue  wUv  streptococci  in  a,  c«se  of  scpticcinix  o(  man.  'I'Ue 
blnod-vettdi  contain  Dumeroua  leukocytes,  but  none  rtc  found  in  i!ie  atuTounding  connective 
dsMK  (WaiTcn'a  An-gifil  Patfivlvrgjr), 
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Capillarr  «inboIw  of  itre^ociKCi  in  a  torcoma.     A  roand-ccll  infUtiation  is  s«cii  ui  ibc 
rarc'j4»alou»  ll«uie  aLmot  Ihr  eialKilui.      {Cue  of  fatml  KiAiccinl*.)      (Wonea's  Suf^fieaf 
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are  borne  to  all  parts  of  the  body,  being  constantly  subject  to  the 
destructive  influence  of  the  lcukoc>'tcs  and  the  chemical  protective 
bodies  of  the  scrum  (sozins  and  alexins  of  Buchncr),  until  they  are 
cither  destroyed  in  the  blood-currcnt  or  in  tlic  capillaries  of  the  vis- 
cera (spleen,  liver,  etc.)  and  in  the  red  bonc-marroiv,  or  are  excreted 
by  the  cmunctory  glands,  iiut  while  they  are  nlivc  in  the  blood,  ihey 
may  be  found  clinically  or  post  niorlcni  by  cultural  nietliods.  The 
toxins  of  the  bacteria  are  also  to  be  fomtd  iu  the  circulating  blood,  as 
we  know  from  Marniorck's  ex]icrinicnts,  in  which  it  was  shown  that 
for  a  month  after  rcco\'cry  from  streptococcus  infection,  the  scrum  of 
the  animals  used  was  poisonous  to  other  individuals  of  the  same  spe- 
cies. Antitoxins  are  also  developed,  as  already  shown  (Marniurck, 
Petersen;  denied  by  Lubarscli). 

A  leukocytosis  (temporarj*  increase  in  the  number  of  white  blood- 
corpuscles)  is  the  common  result  of  suppuration,  and  occurs  as  well  in 
septicemia  and  pyemia. 

Changes  in  the  blood-vessels  occur  in  both  septicemia  and  pyemia; 
but  it  is  cliiclly  in  connection  with  pyemia  \hat  the  subject  has  to  be 
C<>nsiilcred.  The  micro-organisms  yet  intt>  tliu  blofni  in  two  wcH- 
rccognized  ways :  fust,  by  the  lympliatJc  route  alrt'ady  described ; 
second,  by  the  direct  invasion  of  the  blood-vascular  walls.  (The 
direct  entrance  of  pathogenic  organisms  into  the  small  vessels  of 
wounds,  as  upheld  by  Schimmclbusch,  is  denied  bj^  ilalban.) 

When  an  abscess  dcvelojis  about  a  vein,  thrombophUbitn  occurs,  the 
process  beginning  in  the  adventitia  of  the  vessel,  which  responds  to 
infection  exactly  as  would  any  other  vascularized  connective-tissue 
structure.  If  drainage  is  not  effected,  the  wall  of  the  vessel  becomes 
more  and  more  inflameil  by  etmtiguity  of  tissue  until  the  intima  19 
reached.  This  membrane  becomes  swollen  ami  ill  nourished,  and  no 
longer  supplies  those  well-recognized  conditions  upon  which  the  in- 
tegrity of  the  blood  depends — in  other  words,  coagulation  occurs.  It 
is  most  important  to  remember  that  the  thrombus  formed  is  at  first 
aseptic,  and  remains  so  until  bacteria  have  invaded  it  in  the  same  way 
that  the  wall  of  the  vessel  was  attacked — /.  e.,  by  contiguity  of  tissue, 
and  not  by  rapid  dissemination  thrnugh  lluids.  That  the  thrombus  is 
at  first  aseptic  is  proved  by  the  fact  that  the  emboli  set  frer  from 
thrombi  in  the  sinus-phlebitis  of  otitis  do  not  produce  .secondary'  ab- 
scesses. The  wall  of  the  tliromboscd  vessel  is  more  and  more  invaded 
by  the  microbes  until  it  is  broken  down  altogether  at  certain  points. 
In  simple  infections,  purulent  liquefaction  of  the  wall  takes  ]>lacc.  the 
natural  color  of  the  vessel  giving  place  to  a  dirty  gray,  and  the  thinned 
Mrall  jnclding  at  some  point  to  slight  pressure  of  the  probe.  The  sup- 
purative changes  involve  the  vessel-wall  as  far  as  it  is  surrounded  with 
pus.  The  thrombus  may  extend  only  a  short  distance,  or  it  may 
spread  many  inches  along  the  course  of  the  vessel,  and  may  even  run 
out  into  branches  of  the  chief  vein.  At  first,  as  has  been  said,  the 
thrombus  is  not  infected.  It  is  firm  and  elastic,  and  gives  the  vessel 
a  cord-like  feeling  upon  palpation.  Hut  when  the  pyogenic  process 
has  liquefied  a  pari  of  the  vessel-wall,  the  microbes  flourish  in  the 
coagulated  blood,  which  offers  but  little  mechanical  or  vital  resistance, 
&    and  speedily  becomes  broken  do^\-n  (partly  liquefied)  into  a  semi-fluid 
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mass  in  which  parts  of  the  thrombus  float.  When  no  portion  of  the 
infected  tlirombus  intervenes  between  the  broken-down  part  of  the 
vessel's  contents  and  the  fluid  blood,  the  conditions  required  for  the 
occurrence  of  embolism  are  furnished,  masses  of  infected  thrombus  arc 
carried  to  distant  viscera,  and  infected  infarcts  are  produced,  resulting 
in  the  formation  of  secondary'  or  metastatic  abscesses.  Should  the 
abscess  about  the  vein  be  drained,  and  an  exit  be  afforded  for  the 
broken-down  matter  in  the  vein,  the  suppurative  process  may  be  ar- 
rested, and  the  uninfected  thrombus  may  form  an  effective  temporary 
barrier  to  the  further  spread  of  the  disease  into  the  blood.  This  tem- 
porary barrier  may  be  converted  into  a  permanent  one  by  the  sub- 
stitution of  connective  tissue  growing  from  the  vessel-wall  for  the 
thrombus. 

When  emboli  are  carried  into  the  blood,  they  are  not  arrested  in 
their  course  until  they  reach  a  part  of  the  vascular  tubage  which  has 
a  smaller  diameter  than  that  of  the  embolus.  Their  arrest  is  therefore 
a  mechanical  matter.  Abscesses  may  or  may  not  develop  from  in- 
fected emboli.  The  emboli  may  not  carry  a  sufficient  number  of 
micro-organisms  to  the  pqint  of  arrest  to  overcome  local  resistance; 
other  conditions  of  infection,  also,  may  be  absent.  But,  as  a  rule,  the 
conditions  are  highly  favorable  for  infection,  because  the  plugging  of 
the  vessel  produces  an  area  of  imperfectly  nourished  tissue  in  which 
the  microbes  rapidly  flourish.  First,  an  endarteritis  occurs  at  the  site 
of  embolism;  the  vessel-walls  are  successively  invaded,  this  time  from 
within  outward,  and  the  pus,  having  got  into  the  perivascular  tissue, 
speedily  finds  its  way  about  the  wedge-,  cone-,  or  cylinder-shaped  mass 
of  anemic  tissue.  When  such  a  morbid  anatomical  incident  has  oc- 
curred, a  sphacelus  may  sometimes  be  found  in  parenchymatous  organs, 
surrounded  by  pus.  Should  the  embolism  have  occurred  in  the  bone, 
a  sequestrum  will  be  formed. 

It  is  in  the  bones,  however,  that  localization  of  bacteria  from  the 
blood  is  especially  prone  to  occur  by  the  process  known  as  imiral  im- 
plantation.  Micro-organisms  floating  in  the  blood,  finding  points  in 
the  smaller  vessels  and  capillaries  where  the  current  moves  but  slowly, 
become  arrested,  and,  together  with  white  corpuscles,  endothelia,  and 
fibrin,  produce  thrombi  in  which  the  bacteria  grow.  Various  circum- 
stances, such  as  anatomical  conformation,  exposure  to  cold  and  trauma, 
furnish  opportunity  for  the  mural  implantation  of  microbes.  Doubtless 
many  such  localizations  result  in  the  death  of  the  bacteria  and  local 
healing ;  but  abscesses  beginning  in  the  endothelium  of  the  vessel  and 
e.xtending  through  the  vessel-wall  into  the  surrounding  tissue  are  very 
commonly  found  in  pyemia. 

The  kiiiniys  are  especially  prone  to  purulent  inflammations  on 
account  of  the  fact  that  they  excrete  bacteria  (Biedl  and  Kraus). 
These  inflammations  often  affect  the  glomeruli,  in  which  the  circula- 
tion is  slow. 

Of  course,  the  greatest  number  of  emboli  find  lodgement  in  the /«»^, 
since  the  majority  of  ves.sel -invasions  occur  on  the  venous  side  of  the 
circulation.  But  the  branches  of  the  pulmonary  vessels  are  relatively 
large,  and  many  masses  are  small  enough  to  pass  through  them  into 
the  pulmonary  veins,  which   deliver  tliem  to  the  systemic  circulation. 
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thrntigli  which  they  arc  carried  to  the  remotest  parts  of  the  body.  The 
clistrihulidn  and  IddyL-incnt  of  L-niboH,  then,  correspond  in  large  measure 
with  the  distribiilion  (if  the  blood-mass,  many  being  observed  in  the 
liver,  bmin,  splf<'n.   I-;i<!nc\"s,  t'lc. 

Symptoms  and  Cotirse. — The  symptoms  and  course  of  pyogenic 
bactcriemia  are  very  variable,  so  much  so  that,  until  vcr>-  recent  times, 
attempts  were  well-nigh  universally  made  to  divide  the  disease  into  a 
number  of  parts  corresponding  to  its  clinical  manifestations.  At  the 
risk  of  Komc  clinical  confusion  we  are  obliged,  as  we  must  always  do 
when  possible,  to  preseive  the  unity  of  pathology  and  describe  under  a 
single  general  heading  all  the  symptom-groups  oi  the  malady. 

Common  to  all  acute  forms  of  pyogenic  bactcriemia  are  certain 
symptoms  already  referred  to  as  due  to  tlic  resorptiott  of  toxic  substances 
elaborated  by  the  microbes.  The  circulatorj'  mechanism  is  usually 
profoundly  affected  by  the  activity  of  these  chemical  substances.  The 
heart's  action  becomes  rapid,  the  tension  of  the  blood  in  the  arterial 
system  is  lowered,  and,  when  fever  and  intoxication  are  at  their  height, 
the  skin  presents  a  bluish  appearance,  due  to  the  .stagnation  of  the 
venous  blood.  A.s  septic  poi.soning  deepens,  and  the  bacteria,  over- 
coming local  and  regional  resisting  forces,  migrate  to  distant  parts  of 
the  body,  the  heart  beats  more  and  more  rapidly,  the  pulse  often  run- 
ning up  to  150  and  more  per  minute,  until,  just  before  dissolution,  it 
cannot  be  counted. 

The  tcmfifrtrtit n-rccord  is  in  some  forms  of  septicemia  almost  char- 
acteristic, as  we  shall  .sec.  The  manifest  tendency  in  .subacute  sepsis  is 
for  the  temperature,  after  a  sudden  rise  to  104"  F.  or  more,  to  become 
lower  ever)'  morning,  only  to  rise  to  the  maximum  toward  evening.  In 
pyemia  in  its  variou.s  forms,  c/iiils,  often  verj^  violent,  are  the  outward 
manifestations  of  metastatic  mnvcuients  of  the  bacteria,  which  result  in 
the  formation  of  secondary  and  tertiary  abscesses,  When  rrco\'ery 
from  sepsis  takes  place,  the  fall  in  temperature  to  normal,  or  almost  to 
normal,  is  often  surprisingly  rapid,  if  the  primary*  focus  of  infection  is 
quickly  removed,  as  by  amputation.  When  recovery  is  due  to  slow 
drainage,  the  temix-rature-curve  returns  gradually  to  the  normal  line, 
but  the  morning  rcmi'ssion  already  mentioned  continues  to  recur.  A 
remarkable  fact,  giving  rise  to  the  greatest  clinical  difticulty,  is  to  be 
found  in  the  circumstance  that  the  temperature-elevation  is  often  slight 
as  compared  with  the  puLse-rate.  In  other  words,  the  pulse-rate  may 
indicate  profound  .sepsis,  while  the  temperature  may  be  comparatively 
low.  This  is  due,  it  seems,  to  the  fact  that  certain  pyogenic  organisms 
elaborate  not  only  a  chemical  bo<ly  «  hich  elevates  the  tcuiperattjre.  but 
one  which  tends  to  lower  it.  The  preponderance  of  the  latter  in  the 
by-products  of  the  nu'cro-organisnis  of  a  given  case  lowers  the  tem- 
perature, while  the  heart,  uninfluenced,  beats  rapidly.  This  is  especially 
true  of  certain  forms  of  sepsis  taking  origin  in  abdominal  pyogenic 
affections. 

The  ncrt'OHS  system  is  at  times  stimuloted  by  sepsis,  so  that  the 
patient  docs  not  realize  his  own  jeopardy;  but.  for  the  most  part,  de- 
pression is  noted.  For  the  first  few  days  the  |Kttiert  sleeps  much,  is 
roused  with  some  difficulty,  responds  slowly  to  questions,  and  will  lie 
(or  hours  in  a  state  of  stupor.     At  first,  the  mind,  though  acting  slowly. 
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is  clear ;  but  later,  hebetude  is  followed  by  stupor,  stupor  by  coma,  and 
coma  by  death. 

The  respiratory  system  is  active  enough  in  the  milder  forms  of  sepsis: 
but  a  bluish  tinge  of  the  face  is  usually  seen  as  the  poisoning  deepens, 
proving  that  the  blood  is  but  imperfectly  aerated. 

The  glands  of  the  skin  and  of  the  mucous  membranes  are  not  actiix 
in  sepsis.  The  tongue  becomes  dry  and  coated ;  and,  as  the  disease 
advances  and  deepens,  becomes  marked  by  reddening  of  the  edges, 
pointing  of  the  tip,  and  the  collection  of  sordes  upon  the  dorsum. 
Perspiration  is  often  profuse,  and  the  loss  of  a  considerable  volume  (rf 
water  in  this  way  may  cause  a  temporary  feeling  of  depression.  Since 
bacteria  are  known  to  be  excreted  by  the  sudoriparous  glands,  the  use 
of  violent  sudorifics  has  been  proposed  as  a  therapeutic  measure  in 
sepsis ;  but  the  injurious  effects  of  these  agents  on  other  functions  has 
prevented  them  from  becoming  popular. 

That  form  of  .septicemia  in  which  no  focus  of  suppuration  exists,  but 
in  which  a  fresh  wound  is  infected  with  bacteria  which  seem  to  pass 
rapidly  into  the  blood,  is  sometimes  spoken  of  as  primary  septicemia. 
This  form  is  especially  dreaded  because  of  our  inability  to  guard  against 
it,  from  the  fact  that  the  wound  may  be  an  accidental  one,  that  the 
extreme  virulence  of  the  infection  can  be  known  only  by  the  outcome. 
and  that  treatment  is  usually  of  no  avail.     We  refer  to  those  violent 
forms  of  infection  in  which  the  prick  of  a  pin  or  a  needle  is  followed  b>" 
death.     Medical  men  are  especially  in  dread  of  such  infections.     In 
making  post-mortem  examinations,  especially  of  fresh  bodies,  inocula- 
tion may  be  cflected  through  a  slight  punctured  wound.    The  infectious 
material  is  of  e.special  activity  when  it  is  derived  from  fresh  bodies  in 
which  the  microbes  have  flourished  before  death,  so  that  their  virulence 
is  likely  to  be  heightened,  especially  if  they  have  had  to  grow  against 
a  considerable  tissue-resistance,  as  in  peritonitis  or  acute  abscess-forma- 
tion.    The  operator  thinks  nothing  of  the  puncture  he  has  received, 
often  does  not  interrupt  his  work  to  dress  the  wound,  and  is  surprised 
a  few  hours  afterward  to  find  himself  suffering  from  a  chill  followed  by 
high  temperature.     A  few  red  lines  running  up  the  arm  to  slightly 
swollen   lymph-glands  call   attention   to   lymphangitis  and   b^inning 
lymphadenitis,  and  make  more  certain  the  diagnosis  of  acute  septi- 
cemia.    Delirium  followed  by  coma  is  associated  with  all  the  other 
signs  of  violent  depressant  intoxication,  the  pulse  and  respiration  be- 
coming more  and  more  enfeebled  until  death  ensues.     In  such  extremely 
violent  cases  of  blood-poisoning  we  must  assume  that  the  noxious 
agent  is  bacterial,  that  the  micro-organisms  are  of  exceptional  viru- 
lence, and  that.  In  spite  of  the  resisting  power  of  the  tissues,  they  are 
capable  of  growing  \'er>'  rapidly  and  of  elaborating  their  toxic  products 
witli    great    rapidity.     The   Streptococcus    pyogenes  is   the    microbe 
usually  thought  to  be  active  in  the.se  cases. 

Much  loss  acute  and  violent  is  the  usual  form  of  septicemia.  \\lKn 
a  patient  has  had  for  some  time  a  focus  of  suppuration  which  has  drained 
but  poorly  or  not  at  all,  blood-poisoning,  which  in  this  case  may  be  called 
si'coHiiary  septicemia,  is  likely  to  set  in.  The  bacteria  make  their  exit 
from  the  abscess-cavity  tlirough  its  walls,  ruptured  by  tension  or  by 
violence  {c.  g.,  by  the  surgeon's  knife),  and  arc  carried  to  the  blood  1^ 
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the  lymphatics.  The  long-conliniicd  resorption  of  toxins  from  the 
iwnt-up  bacteria  causes  a  remarkable  towering  i.>f  the  resisting  |>ower  of 
the  blond  and  distant  tissues,  so  that  the  bacteria  are  able  easily  to  pro- 
duce their  characteristic  effects  upon  them.  When  the  surgeon  knows 
that  his  drainage  is  im[>crfecl,  he  fears  that  a  daily  afternoon  rise  of  tem- 
perature with  morning  remissions  denotes  a  beginning  sejJticemia.  TJic 
morning  temperature  may  recede  to  nonnal  or  even  to  a  point  below 
normal;  the  evening  tcm[x;ratLire  goes  up  to  103°  or  105*  I*.  The 
patient  is  bathed  tn  a  snur  ]x.-rspiratton  when  the  fever  is  liigh.  TIic 
urine  IS  correspondingly  high-colored  and  scanty,  and  may  contain 
albumin  and  casts.  The  tongue  becomes  coated  on  the  dorsum,  drj', 
often  cracked,  and  red  at  tJie  ed^es,  The  breath  is  often  foul  smelling. 
The  pulse  is  usually  rajwd  and  feeble.  The  bowels,  at  first  inclined  to 
be  confined,  arc  in  the  later  stages  often  relaxed,  and  the  jjassages  thin 
and  foul  smelling.  The  mind  f(ir  some  time  is  caj^able  of  responding 
to  demands  of  the  will,  so  that  when  the  patient  makes  efTort  he  can 
concentrate  his  attention  and  ansiver  questions.  Hebetude  is  early 
observed,  however,  the  patient  often  lying  for  hours  in  u  stupor  unless 
aroused  to  take  nourishment  or  medicines.  These  so-called  "  lyplioid  " 
symptoms  dcejjcn,  as  time  jwsses,  into  a  comatose  stale  in  which  the 
jiassages  are  involuntary,  foods  are  taken  only  when  poured  into  the 
mouth,  the  skin  becomes  dry  and  harsh,  the  pulse  becomes  rapid  and 
feeble,  and  death  is  ushered  in  b_\-  failure  of  the  circulation  and  respira- 
tion— sometimes  due  to  hypostatic  pneumonia.  The  likeness  of  this 
fonn  of  septicemia  to  typhoid  fever  (which  is  regarded  by  many  as  a 
specific  form  of  intestinal  septicemia!  is  so  marked  that  close  difVerenlia- 
tion  is  sometimes  necessar\'.  Septicemia  of  this  clinical  variety  may  be 
due  to  sta]>hylociK:ci  as  well  as  to  streptococci ;  and  it  may  he  associated 
with,  or  follow,  abscesses  or  er\-sii*ela.s.  Slow  septicemia  may  go  on  for 
months,  as  ever>'  surgeon  of  experience  can  testify.  The  writer  recalls 
the  ca.se  of  a  man  who  had  had  .several  ecra.sements  for  tuberculo.sis  of 
the  knee  and  tubercular  sinuses.  The  suppuration  at  the  site  of  mixed 
infection  continued  in  spite  of  drainage-tubes  passed  through  the  knee 
and  leg  in  all  directions :  the  pjitient's  resisting  power  diminished  Instead 
of  growing,  and  the  daily  rise  uf  temperature  became  greater  and 
greater.  Marasmus  increased  until  the  patient  was  reduced  to  a  con- 
dition of  debility  pitiable  to  see.  At  this  juncture,  the  formation  of 
metastatic  absccs.ses  (pyemia)  being  feared,  amputation  through  the 
thigh  was  performed.  The  patient  was  in  one  week  a  changed  man. 
His  temperature  became  normal,  his  sweats  cease<l.  his  urine  cleared, 
and.  in  a  word,  he  made  a  rapid  recovery.  As  he  was  a  tall  man  and 
had  lost  much  weight,  he  gaiiKd  more  than  fifty  pounds  during  the 
rebound  to  health. 

The  chromcity  or  the  ua/fr/tfss  of  septicemia  is  due  to  a  \-arietj'  of 
drcumstances  aifecting  the  host  as  well  as  the  microbic  parasite,  and  we 
can  by  no  means  conceive  that  there  is  any  quality  inherent  in  ihc 
micro-organisms  alone  which  necessarily  brings  about  a  given  course 
of  the  disease.  Recognizing  the  importance  of  removing  or  ameliorating 
all  conditions  that  favor  the  spread  of  the  micro-organism,  it  is  clearly 
all  the  more  our  duty  to  recognize  the  non-essential  character  of  septi- 
cemia in  order  to  combat  it. 
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FlC.  40. — Pyemic  ahsccss  of  the  kidney;  a. 
central  dead  liastie ;  b,  suppurative  zone  ;  c,  zone 
of  gmnul^tiun-tissue  ;  d,  embolus  in  ;i  liranch  of 
the  renal  artery;  e.  e,  sma.ll  infiltrated  suppura- 
tive spots  (Thoma). 


Pyemia  is,  as  we  have  said  before,  not  to  be  sharply  distinguished 
from  septicemia,  since  it  differs  from  it  only  in  the  formation  of  meta- 
static pyogenic  deposits.  The  typical  cases  of  pyemia  are  easiU'  dis- 
tinguishable clinically  from  septicemia  by  the  finding  of  these  sccondan' 
abscesses ;  but  when  the  abscesses  are  deep-seated  in  inaccessible  ■vis- 
cera, their  existence  may  often  be  only  surmised.     The  occurrence  of 

general  intoxication  and  of  true 
septicemia  with  metastatic  ab- 
scesses has  often  been  noted,  the 
combination  being  known  clini- 
cally as  septicopyemia. 

Pyemia  differs  clinically  from 
septicemia,  as  has  been  said,  in 
the  formation  of  metastatic  ab- 
scesses. These  abscesses,  when 
formed  by  the  lodgement  of  in- 
fected emboli  in  vessels  distant 
from  the  primary  focus,  arise  in 
the  artery  or  vein  itself  in  a 
thrombo-arteritis  or  thrombo- 
phlebitis. The  inflammation 
rapidly  extends  to  the  anemic 
tissues  within  the  area  supplied 
by  the  ve.ssel.  Hence,  the  in- 
crement of  intoxication  which 
takes  place  when  an  infected 
clot  becomes  suddenly  lodged  in  a  previously  intact  area  is  enormous, 
and  the  system  at  large  responds  clinically  by  a  rise  of  tetttperaturt 
almost  invariably  preceded  by  a  violent  chill.  The  chills,  then,  are  a 
very  good  index  of  the  occurrence  of  embolism,  and  serve  to  call  the 
attention  of  the  surgeon  to  the  clement  of  pyemia  added  to  the  sep- 
ticemia. 

A  clear  picture  of  typical  pyemia  should  be  fixed  in  our  minds. 
Billroth  has  an  excellent  account  of  a  hypothetical  case  which  he  re- 
lated in  his  lectures.  As  Hillroth's  experience  extended  over  part  of 
the  pre-antiseptic  as  well  as  the  antiseptic  age,  he  had  doubtless  seen 
many  such  cases  as  the  one  he  describes.  He  says :  "  Imagine  now 
that  a  wounded  person  has  been  brought  into  the  hospital,  in  whose 
case  you  rucognize  a  complicated  fracture  of  the  leg  just  above  the 
ankk',  with  extensive  contusion.  The  injury  has  occurred  by  the 
impact  of  a  very  heavy  falling  body.  You  have  examined  the  wound 
and  found  a  transverse  fracture  of  the  tibia,  and  you  have  decided  for 
conservative  treatment.  Let  us  su]>pose  that  you  have  applied  a  dress- 
ing sucli  as  was  used  in  former  times  without  antiseptic  precautions. 
The  patient  feels  well  in  the  beginning,  and  has  but  little  fever  up  to 
about  ttic  tliii'd  or  fourth  da)'.  Now  the  wound  begins  to  be  more 
strongly  inflamed,  secretes  relatively  little  pus;  the  skin  in  the  neigh- 
borhood becomes  edematous  and  red,  the  patient's  fever  increases 
especinllj'  in  the  evening,  the  swelling  in  the  neighborhood  of  the 
wound  increases  and  slowly  extends  farther ;  the  whole  lower  leg  is 
swollen  and  reddened,  the  ankle-joint  very  painful,  and  on  pressure  upon 
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the  leg  there  flows  slowly  from  the  wound  a  ihiii,  foul-smclling  pus.  The 
swelling  remains  limiteii  toilic  lower  leg,  there  is  no  invnlvcmeiit  of  the 
scnsorium.  no  sign  of  intense  acute  septicemia;  the  patient  ih  extremely 
sensitive  at  every  dressing,  peevish  and  disheartened.  A  remittent  con- 
tinuous fever  has  established  itself,  with  tolerably  high  evening  temjxrr- 
ature  and  increased  puUe-lVequenoy.  The  pulse  is  full  and  icnsc.  the 
appetite  is  quite  lost,  the  tongue  is  heavily  coated.  We  find  ourselves 
now  at  about  the  twelfth  &Ay  after  the  injury.  Out  of  the  wound  flows 
very  much  pus  from  difTerent  [lirections,  Somewhat  farther  above  the 
-H-ountl  distinct  fluctuation  is  to  be  noted.  With  difTiculty  the  abscess- 
cavity  can  indeed  be  emptied  toward  the  wound  hy  pressure,  hut  the 
outflow  is  very  limited,  and  it  is  consequently  ncccs.sarj'  to  make  an 
incision  at  the  [xiiiit  named.  This  is  done  and  a  moderate  amount  of 
pus  is  evacuated.  Some  hours  afterward  the  patient  gets  a  severe  chill, 
then  a  drj'  burning  fever.  Anally  a  very  pronounced  sweat.  The  ap- 
pearance of  the  wound  improves  somewliat.  but  that  docs  not  last 
long.  A  new  abscess-cavity  is  noted  farther  back  upon  the  cilf  in  the 
neighborhood  of  the  wound.  A  new  chill  occurs,  new  coimter-npcn- 
ings  are  necessar>'.  now  here,  now  there,  in  order  to  provide  a  sufficient 
exit  for  the  pus.  which  is  formed  in  moderate  quantities.  The  left  leg 
being  the  injured  one.  some  niurning  the  patient  complains  of  severe 
pain  in  the  right  knee-joint,  whicli  is  stnnewhat  swollen  and  painful  >i]Kin 
cverj' movement.  The  nights  are  sleei^lcss.  the  inlicnt  eats  almost  noth- 
ing, drinks  ver>'  much,  is  much  reduced,  becoming  thin  especially  in 
the  face.  The  skin  becomes  slightly  yellow  in  color.  The  chills  are 
repeated,  and  tlic  patient  now  begins  to  complain  of  pain  in  the  chest 
He  cough.s  a  little,  but  brings  up  only  a  little  sputum.  Upon  examina- 
tion of  the  chest  you  note  a  pleuritic  exudate,  as  yet  moderate,  upon 
one  or  both  sides,  but  the  patient  does  not  complain  vcr>'  much  of  it 
So  much  the  more,  however,  does  he  complain  nbout  the  right  knee, 
which  is  now  very  much  swollen  and  contain.s  much  fluid.  Since  the 
patient  sweats  a  great  deal,  the  urine  becomes  concentrated  and  occa- 
sionally contains  albumin.  Bed-sores  are  finally  added,  but  the  patient 
scarcely  feels  them.  He  lies  there  in  part  benumbed,  and  mutters  in 
a  low  tone  to  himself.  About  three  weeks  have  now  passed  since  the 
injury.  The  wound  is  dry,  the  pitient  looks  verj-  ill,  the  face  and  neck 
are  especially  emaciated,  the  skin  of  a  strongly  icteric  color  and  cool ; 
the  eyes  are  dull,  the  tongue,  trembling  when  put  out,  is  quite  dr\',  the 
temperature  is  low,  and  elcvate<i  only  in  the  evening.  The  pulse  is 
very  small  and  frequent,  the  re.spiration  slow,  and  the  breath  has  a 
characteristic  cadaveric  odor.  Finally  the  patient  becomes  unconscious, 
and  may  remain  in  this  state  perhaps  twenty-four  hours  more  before 
death  occurs." 

Pyemia,  in  the  case  of  wounds  not  treated  antiseptically  for  asepti- 
cally).  often  takes  the  course  described  by  Billroth.  In  modem  prac- 
tice pyemia  is  quite  infrequently  met  with,  except  when  injuries  are 
much  neglected. 

Even  yet.  hnuever.  it  is  not  uncommon  for  us  to  meet  with  pv'cmia 
taking  origin  in  the  veins  of  the  face  and  sinuses  of  the  cranium.  The 
facial  veins  which  communicate  with  the  sinuses  of  the  brain  arc 
especially  likely  to  become  inflamed  and,  often  undergoing  thrombo- 
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phlebitis,  set  emboli  free  to  pass  to  distant  parts  of  the  body.  The 
pyemias  taking  origin  in  the  upper  Hp,  involving  the  facial  vein,  are 
likely  to  end  fatally  in  a  few  hours  or  three  or  four  days. 


Fig.  41. — Emboli  in  the  branches  of  the  pulmonary  artery,  the  upper  more  closely  adfaeient 

to  the  wall  and  shrunken  (Thuma). 

The  following  is  a  typical  case  published  by  Hentschel  in  tlie  Sur- 
gical "Festschrift"  for  Bcnno  Schmidt  (1896). 

"  The  patient,  whose  (.'zechish  natimiality  makes  it  diflicult  to  understand  him,  had  some 
(lays  a^o  a  small  furuncle  (m  the  up|}er  lip,  which  was  incised  by  a  physician,  who  observed 
that  a  trace  cif  pus  escaped  t<iijcther  with  some  blood.  Two  days  later  the  upper  Up  and 
face  were  strongly  swollen,  and  tbc  same  physician  made  four  superficial  incisions  perpen- 
dicularly to  the  lip.  It  is  said  that  neither  pus  nor  bluod  escaped.  Late  in  the  evening  of 
the  same  day  the  ]>ntienl  entered  the  hospital. 

"  llis  condition  on  entry  wa.s  a^  follows  :  The  yotmg,  powerfully  built  man,  somewlul 
somnolent,  had  a  latmri-d  ri-spiratjon  itnd  a  very  small  and  frequent  pulse  ;  the  forehead, 
eyelids,  nose,  ami  li]is  wvre  ilislindi-d  with  well-marked  e<lema ;  the  lips  were  very  mucll 
pnitruded,  slif;hlly  o|K'n.  and  hetwicn  them  was  visible  the  equally  swollen  tongue'  The 
answers  of  thi-  jiaticnt  witc  jjivfii  in  a  characteristic  i^runtin);  tone.  A»de  from  the  symp- 
toms <if  acute  inllammatinn  vet  to  be  described,  the  faciei  resembled  in  form  and  exprnskn 
exactly  that  of  a  myxoilima  patient.  The  upper  lip  was  so  strongly  svollen  that  the  naics 
were  in  part  closed.  The  lip  was  covered  with  dirty  bniwni.sh-red  scabs,  which  were  re- 
moved, di->elosing  the  entire  surface  covered  with  numerous  purulent  foci,  larf^  and  analL 
The  furunck's  oIiservtHi,  in  all  slaves  of  development,  occurred  at  the  border  of  the  Up  and 
exieniled  far  into  the  mni-ons  membrane  toward  the  gums.  Kurthermore,  some  woaods, 
apparently  prodiicc<l  l>v  incisions,  werir  found  on  the  ujiper  lip,  from  which  was  dischar]^ 
a  clear  ycllnw  scnim-Iike  lluid.  The  disease  of  the  upi>er  lip  extended  beyond  the  left 
anjjle  uf  the  moulli.  The  left  half  of  the  lower  lip  was  involved  in  quite  the  some  way. 
In  the  rcfiion  uf  the  left  nasol.ihial  fold  were  some  blelis  tilled  with  a  clear  watery  flui^ 
I'lwn  the  left  cheek  an  exien-ivc  network  of  veins  shimmered  dark  blue  through  the  skJB. 
The  conjunctiva-  were  strongly  chemutic  and  reddened.     In  the  connective  tiiaue  of  the  left 
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lower  Ikl  were  to  tie  found  a  few  pu4-foct.  !□  the  lungs  were  to  be  licard  everywhere  sub* 
crepiunl  nod  larRc  brunchial  rtlc^  The  bean's  oction  wa*  Monny.  \vx\  ihe  pulwbecsta* 
aJwft]r»  wciiker  nnt)  more  freijueni,  «)  ihm.  even  in  the  nichl.  ihe  upper  lip  aod  (he  discawd 
half  (rf  ihc  lower  lip  were  deeply  incised  wilh  ihc  knife,  whrrcupori  tiiicrably  mnrlccd 
bleeding  uccurred  frrtin  U><  «r^le  of  lh«  motilh.  tnctjjclM:  irriuili"!"  with  A\ilitinuilc,  i<»do- 
fona-gauie  Umponadc,  ice,  camphor,  alcuholii-s,  {unMiliiloi  ihi^  Irmiincui.  In  spilr  tif  ibie 
enerKe''^  ■pnlicailon  of  iiimulanis  licnrh  occurred  im  (he  next  day  at  Mrvcn  o'ckicV  in  ihe 
■BomiDg,  with  symptoms  of  hearC-failuie.  I'ust-rnorleiti  rxamiiialion  wnis  iniidr  hvr  iMiun 
afler  (Imth.  The-  anterior  fucial  vein  was  thrombosed  nK  far  a<i  ihtr  anj^e  of  the  jaw.  In  (he 
iniemal  juKular  fein  no  ibrtNiibi  were  deniun*! ruble-  The  entire  lung  i-liowcd  multiple  pin- 
liead  lo  haiti-lnutti(c<t  pus-frxi,  with  numerous  snull  hemorrhajtic  infnrcrtg  and  patches  of 
caurrhal  pneumonia  and  prunouticet)  rdenm  in  the  vpncen  left  free  ;  the  heart  wm  relaxed, 
and  il*  muiH. ulaluri.-  Khuwctl  mudcraic  fiuiy  iTiniiralion.  In  <ipiieof  the  niuu  exact  investi- 
gation, cTcn  with  the  use  of  the  inKro-copc.  no  pyogciiic  infctlion  wiu  demonstrable  on  the 
ralvc*  and  in  the  myocardium.  Small  abscesses  were  noted  in  the  liver  nnd  kidneys.  The 
(pleen  was  strongly  .iwollen,  rich  in  bloiHl.  and  M>fl.  A  very  rnrrful  bacteriological  exam- 
inatiun  xhowed  crerywhcre  pure  cultures  of  Siaiihylococeus  dtreus. 

••  This  \s.  tlie  usual  form  of  pyemia  in  which  Itic  nwondary  letions  appear  in  the  joint* 
and  viKcra," 

Nicaise  has  described  a  clinical  variety  of  the  disease  in  which  the 
abscesses  appear  with  sjjccial  frequency  in  the  muscles,  myositc  infec- 
tJeuse.  E.  Pfistcr '  describes  a  case  of  the  kind,  wliich  we  may  briefly 
abstract. 
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Fir..  43 — Temperal  lire  •chart  in  a  case  of  pyemia  with  muscular  loe-iliralions; 
chilL     Ilie  (all  of  Icniperature  was  frequently  itiir  tn  the  use  of  Ihe  cold 


•  indicates  a 
pack. 


Kl..  iweDly-one  year»  old,  scivirtg-maid.  Iliriory :  Patient  called  upon  a  physician  oa 
May  16  nn  account  of  a  flight  lymphadenitis  of  the  axillary  cavity,  for  which  a  small  wound 
of  ibe  haftd  already  cicatrijfed  was  held  renpon^iblo.  On  the  nest  dav  the  temperature  rose 
Id  M^  C  From  May  19  the  {julient  inipmved,  and  trvalmenl  ceased.  Sh«  waa  not  alto- 
getbcT  well,  however,  at  any  time.  May  ^(l.  ihc  pluMciaii  was  again  called  on  account  of  a 
jirepaielUr  l>uii^ili».  At  the  same  lin^e  fever  was  noted  .ind  a  certain  amount  of  dy«|>ncB,  M> 
that  the  patient  wai  at  once  taken  lo  the  ho-^pital.  On  adini'v^ion,  June  l,  the  condition  was 
aa  follows:  Well-built.  heaUbylooking  ijirl  ;  anterior  lidc  of  ri^ht  knee  swollen,  skin  red- 
dened and  modciately  tense,  distinct  fluctuation  over  pntclla,  jjatcllar  rcgtun  iDoderately  sen- 
tiliveon  prcMure  as  well  as  tponinneou^ly,  no  )oini  effusion.  A  diagnosis  of  prrpntenar 
burvlia  was  reached,  but  no  incision  was  made  brcnU'C  purtitent  inllammalion  was  iMt 
ctearly  apparent.  Treatment  was  limited  to  rest  and  cohl  applications.  At  noon  of  the 
neml  day  »  |«n>ni>uiKeil  chill  was  followed  by  a  rise  of  lem[>eTature  to  40.;"  C-  and  by  a 
awcMt.     ARer  the  sweat  wm  pA«t  the  paiirnt  felt  as  well  as  usual,  but  somewhat  tired.     Oo 

'  £<ii«i'.  Ani.,  Bd.  Kli«..  U.  3. 
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June  3  the  swollen  bursa  above  the  right  patella  was  punctured,  since  the  chills  were  re- 
peated. The  puncture  yielded  a  sanguinolent,  tolerably  thin  pus.  An  incision  was  thn 
made  for  the  application  uf  drainage  and  the  dressings  were  changed  daily.  The  eniire  dii- 
ease-picture  recalled  pyemia.  On  the  seventh  of  the  month  the  patient  could  see  almait 
nothing  with  the  left  eye,  but  opbthalmo.scopic  examination  revealed  nothing.  The  left 
facial  nen'e  was  aInKkst  completely  paralyzed.  A  pleuritic  rubbing  was  present ;  the  urine 
was  without  albumin.  Kvcry  day  one  or  two  chills  occurred  and  the  respiration  became  fre- 
quent. On  tile  eighth  of  the  month  the  cornea  of  the  left  eye  wa.«  diffusely  opalescent ;  the 
bulb  of  the  eye  was  pushed  forward.  On  the  ninth  of  the  month  the  left  ann  and  the  leA 
leg  were  almost  completely  paralyxeil,  so  that  the  paralytic  phenomena  excited  a  suspicion 
of  brain-abscess.  On  June  lo  the  upper  part  of  the  neck  and  the  region  of  the  ear  begin  to 
be  considerably  swollen  and  tender.  The  paralysis  of  leg  and  arm  seemed  somewhat  im- 
pnived.  On  the  left  heel  there  was  a  fluctuating  pustule  about  the  size  of  a  fmnc  piece. 
I'he  wound  of  incision  at  the  knee  was  dark-colored  and  dry.  On  the  moming  of  June  II 
the  patient  died  with  hy{>crpyrexia. 

At  the  post-mortem  examination  were  found,  in  the  first  place,  extensive  muscular  Rip- 
purations.  About  the  sternocleidomastoid  muscle,  about  the  left  upper  arm  and  below  the 
fascia  of  the  triceps,  and  in  the  triceps  itsvlf,  were  found  purulent  inliltrations.  A  myocar- 
dial abscess,  a  subperiosteal  and  a  subcutaneous  pus- col  lection,  a  slight  pleuritis,  puiulcDt 
gonitis,  and,  besides  these,  a  distinctly  recognizable  metastatic  ophthalmia  and  bursitis  wen 
noted.     .Streptococci  were  found'iii  all  the  lesions. 

These  cases  in  which  a  predilection  seems  to  exist  for  localization  in 
muscular  tissues — a  localization  which  is  thought  to  be  caused  by  ex- 
cessive muscular  activity — are  not  com- 
mon ;  but  localization  in  the  bones  is  of 
frequent  occurrence.  This  form  of  bone- 
inflammation  is  spoken  of  as  acute  osho- 
myelitis  or  infectious  osteomyelitis.  It  is 
specially  treated  in  the  chapter  on  Bones 
and  tlieir  Diseases.  Its  clinical  varieties 
are  great,  but  the  peculiarities  of  the  in- 
flammjition,  due  entirely  to  the  anatomical 
conditions  supplied  by  bone-structure,  are 
so  cliaracteristic  that  for  a  long  time  it  was 
thought  wc  liad  to  deal  with  a  special  mi- 
crobe. It  is  now  known  that  any  pyogenic 
bacterium  may  produce  osteomyelitis  just 
as  it  would  produce  a  subcutaneous  ab- 
scess. Localization  of  the  bacteria  circu- 
Fic.  43-i:raboiic  ..■hstruction     ]:^i„,,  jp  tj^^,  h|ood  is  effected  by  injuries 

of  111!--  trunk  of  the  right  pulmo-  ,^    ,  i  ,         i        -  r      ,'    »*«j"«tt. 

nary  arttTv  fihoma).  to  tiic  bonc,  by  tile  slowmg  of  the  blood- 

cvirrent  about  the  epiphy.scs  in  growing 
children,  by  chilling  of  the  part.  etc.  It  is  unu.sual  for  pyemia  of  the 
visceral  type  already  described  to  follow  upon  ordinary  osteomyelitis. 
Several  bones,  usually  the  long  bones,  are  simultaneously  or  succes- 
sively affected.  When  several  bones  are  successively  involved,  those 
last  affected  are  often  mucli  less  seriously  inflamed ;  indeed,  the  only 
manifestation  may  be  a  severe  perio.stitis  without  necrosis.  Staphvlo- 
cocei  are  often  the  causative  agent  in  this  form  of  pyemia,  although 
streptococci  are  also  frequently  observed.  The  disease  is  often  so 
violent  in  form  that  death  occurs  in  a  few  days.  In  very  acute  cases 
death  takes  place  before  the  bacteria,  w'hich  have  found  lodgement  in 
the  bones,  have  had  opportunity  to  reproduce  themselves  and  cause 
abscesses.  In  other  words,  the  clinical  signs  may  be  those  of  a  bone- 
inflammation.  Indeed,  in  such  cases  it  ts  the  .septic  poisoning  which 
causes  death. 
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On  the  other  hand,  the  local  manifestations  of  osteomyelitis  may  be 
very  chronic,  sinuilatiiig  tuberculosis,  sarcoma,  or  even  fibroma  and 
osteoma  of  periosletim  or  bone  (Kochcr).  These  variations  of  chntcal 
form  belong  to  the  c})a|>tcrs  on  T,ocaI   Suppiiration  and  Osteomyelitis. 

Pyemia  takinj;  c>ri|;in  in  thrombof'iUdyttis  may  be  due  to  inflamma- 
tion of  any  vein  sufficiently  large  to  answer  the  anatomical  require- 
ments. Hut  certain  larpc  veins  in  different  parts  of  the  body  arc 
especially  likely  to  afford  origin  to  pyemia,  and  the  symptomatology 
oi  the  disease  as  modified  by  the  local  conditions  may  be  briefly 
considered. 

PyifpMrbitis. — Inflammation  of  tlie  large  branches  of  the  portal  vein 
is,  in  that  commoner  form  of  the  disease  in  which  the  metastatic  de- 
posits are  limited  to  the  portal  circulation,  a  sort  of  local  pyemia. 
Any  suppurative  inflammatory  process  about  one  of  the  large  branches 
of  the  vein  may  set  up  a  pylephlebitis,  the  inflammation  attac'king  suc- 
cessively advcntitia,  media,  and  intima,  then  bringing  about  a  throm- 
bosis within  the  vein.  The  commoner  causes  of  purulent  pjiephle- 
bitis  are  operations  within  the  area  supplied  by  the  portal  vein, 
hemorrhoidal  inflammation,  ap[)endicitis,  ulcers  and  carcinomata  of 
the  gajitro-intcstinal  tract,  localised  purulent  pcntoniti.s,  and  suppura- 
tive retroperitoneal  lymphadenitis.  When  the  coagulum  within  the 
vein  is  softened  and  broken  down,  the  loosened  masses  may  be  swept 
away  in  the  blood -current,  to  be  dqjosited  in  the  hqjatic  branches  of 
the  vein.  Only  e.vccpt  ion  ally  arc  small  masses  of  infected  coagulum 
carried  through  the  circulator)'  .s\'stt.-m  of  the  liver  to  pass  Into  the 
vena  cava  and  cause  abscesses  in  the  tissues  supplied  by  the  systemic 
circulation.  Hence,  as  a  rule,  the  morbid  anatomical  changes  arc  for 
the  most  part  found  in  the  liver,  where  abscesses  develop  about  the 
veins  in  uliich  the  emboli  have  lodged. 

Those  emboli  which  pUig  vessels  thai  sujiply  areas  having  good 
anastomoses  do  not  give  rise  to  symptoms  that  enable  us  to  localize 
the  disturbance.  Hut  in  wfll-marked  cases  of  the  ili.sease  we  have  not 
only  the  etiology  to  aitl  in  diagnosis,  but  also  icterus,  tenderness  over 
the  portal  region,  swelling  of  the  liver  and  spleen,  and  pyrexia  asso- 
ciated with  rigors  (Eichhorst).  Death  usually  occurs  in  pjleplilebitis, 
this  form  of  pyemia  being  responsible  for  many  of  the  deaths  in  api>cn- 
dicitis. 

Pyemia  taking  origin  in  acute  and  chronic  otitis  media — otogenic 
pyemia  (Hessler),  or  otogenif  sinus  f>hhhitis — has  been  much  studied 
in  the  [>ast  decade,  although  observations  of  the  disease  date  back  to 
the  writings  of  Abercrombie  in  1829  and  of  I^bcrt  in  1856.  The  close 
anatomical  relationship  between  the  middle  car  and  the  sigmoid  sinus 
makes  it  easily  possible  for  pyogenic  processes  to  spread  in  a  variety 
of  ways  to  the  great  venous  channel.  The  thin  walls  of  the  sinus  are 
attacked  from  without,  and  the  scries  of  destructive  coagulating  and 
disintegrating  processes  already  described  take  place  until  its  interior 
is  practically  only  an  abscess- cavit\'.  The  thrombotic  process  may 
then  extend  downward  along  the  course  of  the  jugtilar  vein,  or  masses 
of  the  coagulum  may  act  as  emboli,  setting  up  metastatic  disease  at 
distant  points.  Purulent  inflammation  of  the  brain  nr  its  meninges 
may,  however,  prevent  the  full  development  of  the  pyemia  by  causing 


164  INTERNATIONAL   TEXT-BOOK  OF  SURGERY. 

death.     A  typical  case  of  otitic  pyemia  is  reported  by  Hessler  in  his 
monograph  on  otogenic  pyemia  Qena,   1896). 

"  A  girl  twelve  yrors  old  had  otorrhea  of  both  ears,  following  scarlet  fever  aod  diph- 
theria in  the  HevenUi  year,  with  loski  of  membrana  tympani,  hammer,  and  anvil,  on  bud 
sides.  The  left  ear  ceased  running  after  one  year,  with  total  deafness.  The  right  ear  hid 
dischai^eil  continuously,  with  almost  complete  deafness  to  speech.  For  eight  days  before 
admission  a  continuous  inliltration  and  swelling  were  noted  about  the  lef^  mastoid  process, 
so  that  finally  the  concha  was  lifted  to  a  right  angle  from  the  head.  There  was  no  floctoi- 
tion,  and  the  auditory  canal  was  much  swollen.  The  temperature  for  four  days  mnaJoed 
above  39°  C.  Upon  chiselling  out  the  mastoid  proce.ss,  the  bone  externally  appeared  alomt 
unchanged,  excepting  that  the  vascular  openings  at  the  ordinary  points  were  very  miKh 
dilated  ;  but  in  the  deeper  layers  the  bone  was  softened  in  a  curious  manner.  At  the  pot- 
terior  wall  of  the  cavity  of  the  mastoid  process,  which  was  of  the  size  of  a  cherry,  the  dun 
had  to  be  laid  bare,  but  It  was  of  a  normal  bluish  glistening  appearance.  For  the  first  eight 
days  ihe  [latient  felt  perfectly  well,  and  the  wound-healing  was  normal,  when  suddenly  vom- 
iting occurred  wiih  pyemic  tem|K;rature- variations,  but  without  chills  either  at  the  beginniif 
or  later.  There  followed  mcta.stalic  swellings  and  inilammations  in  the  back  of  the  right 
hand,  the  right  shoulder,  and  the  right  hip  region.  At  the  latter  point  a  deep-seated  put- 
articular  abscess  had  to  be  Incised.  Headache  incurred  only  upon  active  and  passive  move- 
ments. The  sensorium  was  always  entirely  free.  On  the  sixth  day  before  death  vomit- 
ing suddenly  occurred  again ;  the  abdomen  was  very  markedly  distended,  and  coma  was 
first  note<l  Iwenly-fonr  hours  hcfurc  death.  U)X)n  )xjst-mortem  examination,  numenxu 
metastatic  ahsccs.scs  were  found  in  both  lungs,  with  soft  inliltration  of  the  lower  lobes  of  the 
left  lung.  A  broad  embolus  was  found  in  the  spleen,  and  several  smaller,  fresh,  still  hem- 
orrhngic  emboli  in  both  kidneys,  side  by  side  with  which  were  several  that  had  passed  more 
or  less  into  a  state  of  suppuration.  The  liver  was  not  changed.  There  were  several  ficsh 
metastases  in  the  heart.  The  small  intestine  was  .strongly  distended,  as  a  result  of  strangu- 
lation hy  axial  rotation  uix>n  an  abnormally  long  mesentery  close  to  tlie  cecum.  The  brain 
and  its  membranes  were  absolutely  normal.  In  the  left  transverse  sinus  was  a  thrombas 
which  was  still  lirm  at  its  upper  end,  but  at  the  jugular  fommcn  had  undergone  suppuratioa 
The  membranous  wall  of  the  sinus  was  slightly  discolored  and  softened  upon  the  bony  side 
fur  a  space  of  two  centimeters,  especially  at  tlie  point  where  it  had  been  necessary  lo  lav 
bare  the  dura  mater,  '['he  bony  wall  of  the  sinus  showe<l,  furthermore,  a  curious  erosioD 
and  discoloration.  In  this  ca.sc  the  sinus  thrombosis  had  existed  even  before  the  chiselliw, 
and  the  operation  had  not  prevented  the  subsequent  infection  and  disintegration  of  the 
thmmbus. 

Diagnosis  of  Septicemia  and  Pyemia. — As  a  rule,  septicemia 

and  pyemia  are  brouglit  to  mind  by  observing  the  positive  symptoms 
already  described.  Continued  fever  in  a  case  of  suppuration,  elevations 
of  temperature  cither  in  the  afternoon  or  at  somewhat  irregular  intervals, 
suggest  the  beginning  of  septicemia.  In  pyemia  frequent  chills  are 
noted  on  the  temperature-chart.  In  addition  to  those  characteristics 
already  described,  we  mu.st  consider  the  following  points: 

When  septicemia  comes  on  within  a  comparatively  short  time  after  a 
wound  has  been  inflicted,  the  local  evidences  of  injury  may  have  almost 
or  quite  disappeared.  The  surgeon  should  be  extremely  loath  to  con- 
sider a  case  of  sepsis  as  cryptoi^awtic  or  spontaneous  (Leube).  Evei>' 
effort  should  be  made  to  discover  the  infection  atrium  by  a  careful  search 
over  the  surface  of  the  body  for  evidences  of  injury  or  its  resultant 
inflammation.  'I'lic  natural  orifices  of  the  body  are  then  to  be  examined, 
especially  the  fauces,  the  no.se,  and  tlie  ears.  The  term  cryptogenctic  is 
only  to  be  used  as  a  term  of  clinical  convenience  to  indicate  our  inability 
to  find  the  entrance  point  of  the  microbes. 

Neglected  wounds  giving  rise  to  sepsis  often  show  marked  signs  of 
imperfect  drainage,  exuberant  granulation,  and  cellulitis.  In  the  later 
-Stages  of  sepsis,  the  injured  tissues  show  almost  no  tendency  to  regen- 
erate, and  the  granulations  have  a  membranous  covering  of  dirty  gray 
material. 
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The  distribution  of  pyogenic  bacteria  to  the  general  circulation  by 
way  of  the  lymphatic  system  is  proclatmetl  hy  the  occurrence  of  /j'W/t/i- 
atti^itis  and  by  temporary  hypirpUisUt  qx  even  infttwimatUm  of  the 
regional  lymphatu   -/intuh. 

When  pyemia  tikes  origin  in  thrombophlebitis  of  veins  accessible  to 
direct  or  indirect  cliniail  investigation,  symptoms  corresponding;  to  ihe 
obstruction  of  the  blood-vessel  involved  will  be  noted.  I-'or  example,  in 
cases  of  thrombophlebitis  of  the  cavernous  smus  the  eye  bulges  from 
the  orbit  and  ihc  lids  are  much  swollen. 

Lmal  sytnptonts  of  melastasis  are  mr>re  frequent  in  pyemia,  of  course, 
since  the  secondary  foci  are  susceptible  of  diagnosis  if  they  are  sui>er- 
ficial  or  if,  even  when  located  in  deep  structures,  the\'  interfere  with 
recognizable  functions.  Jt>int-  and  bonc-infiammations,  pleurisy,  endo- 
carditis, nephritis,  etc.,  are  recognizable  with  comparative  case  when  the 
lesions  are  well  marked.  But  it  must  be  remembered  that  many  second- 
ar>'  points  of  pyemic  inflammation  must  escajK;  detection,  since  they  may 
remain  small  and  may  not  interfere  seriously  with  any  very  marked 
function.     This  is  e.speciall\'  true  of  emboli  lodging  in  the  lungs. 

The  sccondarj'  foci  should  be  studied  by  cu/turo!  mcthoih  to  deter- 
mine, if  possible,  whether  tlw  bacteria  arc  of  the  same  species  as  those 
found  in  the  primary  lesion. 

Enlargement  of  the  spleen  is  comnicMi  to  all  forms  of  sepsis,  and  that 
organ  should  always  be  interrogated  by  pal{iatioii  ratlier  than  by  per- 
cussion. 

The  blood  in  sepsis  and  pyemia  has  been  studied  frequently.  I.cuko- 
cyiosLs  is  present,  the  leukocytes  being  chielly  polynuclcar.  with  neulro- 
philc  granulation.s.  But  the  diagnostic  value  of  leukocytosis  is  com- 
paratively small,  since  an  iminiportnnt  focus  of  supptiralifMi  anywhere 
in  the  lx>dy,  even  iJioiigli  ciUinly  un associated  with  the  disiase,  may 
give  origin  to  it  Nucleated  erythrocytes  arc  sometimes  found  in  pro- 
found leukucytosi.s. 

The  discovery  of  baetcria  in  the  blood  is  of  importance  in  di.stinguish- 
ing  scp.sis.  Canon  insists  that  the  blood  should  be  drawn  from  one  of 
the  arm-veins,  especially  in  post-mortem  work,  since  sucfi  bhiod  is  much 
more  likely  to  show  the  true  stale  of  the  infection.  The  blotnl  is  with- 
drawn by  means  of  a  sterilized  liypiKleiiuic  .syringe  uiuler  a.septic  pre- 
cautions, and  cultures  aiul  cover-slip  preparations  are  made. 

Other  impuitant  and  profound  changes  in  the  eoniposition  of  the  blood 
take  place.  Koscher  tells  us  that  the  number  of  the  red  corpuscles  is 
vcrj*  much  reduced,  and  proportionately,  also,  the  amount  of  the  residue 
left  after  evaporation.  To  a  special  degree  the  dry  residue  of  the  scrum 
is  reduced.  The-scdiflereiiccs  are  less  marked  as  the  disease  jirogresses. 
Ttie  hemoglobin  is  diminished  and  stands  in  direct  relationship  to  the 
number  of  the  red  corjiu.scles.  None  of  these  changes,  however,  has 
been  studied  clinically  in  a  sufficient  number  and  variety  of  cases  to  put 
us  as  yet  in  possession  of  reliable  diagnostic  aids. 

Many  attempts  have  been  made  to  utilize  in  a  diagnostic  way  the 
urinary  findings.  The  occurrence  of  the  albimioses  in  the  urine  is  noted 
in  scfisis ;  but  this  is  conunon  to  all  the  infectious  diseases  (Harris). 
C)f  course,  toxemia  is  a.ssociated  with  sei»sis.  and  signs  of  nephritis  arc 
always  to  be  noted  in  the  later  stages  of  ptomain-poisoning.     The  fact 
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that  the  urine  in  many  infectious  diseases  contains  soluble  chemical 
bodies  of  a  toxic  character  lessens  the  value  of  a  gross  study  of  urinan' 
toxicity  as  a  diagnostic  aid.  Should  we  be  able  hereafter  by  chemical 
means  to  discover  and  distinguish  the  toxic  bodies  peculiar  to  difierent 
infections,  we  might  be  able  to  use  in  diagnosis  the  knowledge  acquired 

The  differential  diagnosis  of  sepsis  involves,  first  of  all,  the  exclu- 
sion of  sapremia.  If  autointoxication  is  excluded  by  causing  the 
excretory  organs  to  perform  their  functions  actively,  toxemia  may  be 
ruled  out  by  a  study  of  the  local  findings.  Careful  disinfection  and 
removal  of  all  putrefying  material  in  the  wound  will  enable  us  to  put 
toxemia  entirely  out  of  diagnostic  consideration. 

Local  suppuration  is  converted  into  septicemia  by  the  transmission 
of  bacteria  to  the  blood  and  by  the  multiplication  of  the  microbes 
there.  If,  then,  the  apparatus  by  which  the  germs  are  carried  to  the 
blood  (regional  lymphatic  system)  is  demonstrably  in  a  state  of  activity, 
and  if  cultures  and  stained  preparations  from  the  blood  show  pyc^enic 
organisms  on  several  occasions,  the  diagnosis  of  septicemia  is  assured 
The  temperature-curve,  the  urinary  findings,  and  the  local  symptoms  in 
the  presence  of  free  drainage  will  usually  be  determinative  even  without 
the  blood-examination. 

Typhoid  fever  and  miliary  tuberculosis  are  often  difficult  of  exclusion. 
Hessler  has  prepared  a  table  in  which  these  diseases  are  distinguished 
from  pyemia  of  otitic  origin.  It  is  quoted  because  it  contains  so  much 
information  in  small  space.  The  diagnostic  points  pertaining  to  the 
otitic  origin  of  pyemia  are  suggestive  for  the  study  of  other  forms  of 
the  disease. 


Symptoms. 


Beginniitg  : 


Run  Hingfro  m 

the  ear : 


Chills  : 


Temperature:. 


Sensoriurn  : 


Headache  : 


Otogenic  Pyemia. 

Sudden,  with  severe  head- 
symptoms  —  diiziness, 
vomiting,  headache. 


Has  always  preceded. 


Frequently  recurringafier 
variable  intervals,  fol- 
lowed by  swe.its. 

Highly  variable,  atypical, 
going  above  41°  C. ; 
often  subnorm.il. 


For  the  most  pari  not 
infliitnt-ed  in  Ivpiea! 
cases  ;  d  is  turban  res  as 
a  result  of  heacbcht, 
allernaling  with  or  fol- 
lowing delirium. 

Severe,  'ine-sitlcd,  varia- 
ble ni-ar  the  e,ir  and 
occiput.  Increases  with 
pri«.-.ure  on  the  neck 
(.MacEwenj. 


TYPHOID  Fever. 

Begins  with  progressive 
prodromal  symptoms, 
disorders  of  the  general 
condition,  only  rarely 
( Liebertncisier)  with  a 
chill  and  elevation  of 
temperature  to  40°  C. 

Accidental  complication, 
occurs  for  the  first  time 
in  the  fourth  or  fifth 
week. 

Rare. 


According  to  Wunderlich 
intermittent,  slowly  ris- 
ing and  tdling.  Ab- 
sence of  temperature- 
elevation  rare. 

Is  increasmgly  disturbed 
at  the  nid  of  the  first 
week  ;  Liter,  muttering 
combined  with  deliri- 
um. Ticking  at  the 
bedclothes. 

Etiually  distributed  over 
the  head, without  chang- 
ing. 


Acute  Miliary  a.nd 
Meningeal     Tubex- 

CULOSIS. 

Sudden  aggravation  of  as 
old  bronchial  catanii, 
with  dull  headache  and 
depressioD. 


A  complication  of  lung- 
tuberculosis. 


Oflea  at  beginning  a  sin- 
gle chill,  shiverings  fre- 
quent in  course  of  the 
disease. 

At  the  beginning  contin* 
uous  at  a  moderate  ele- 
vation, later  hectic,  ai 
last  subnormal,  oftea 
like  that  of  typhoid. 

Only  slight  delirium;  later, 
sopor  and  coma. 


Dull,  variable,  eqoal  oa 
both  sides. 


■ 

SEPTICEMIA,  FVBMIA,  AffD  SEPTICOPYEMIA.       ^t^^^^^B 

^^^^ 

ACLTE      M ILIAKY      ANU                   ^H 

H         S^*M1>TDM3. 

OTUCSKIC  l>)'KMtA. 

TvrHOtD  Fevbil 

MllNIXCEAL      TUBEX-                   ^H 
Cl'UMtS.                                         ^^^H 

I'amitimff  : 

Fref|u«nl.  often  rrcumne 
with  the  ofhcT  licna  o? 

Rare. 

Frequent,    especially    in         ^^^H 

meninec*l  tuberculosis.          ^^^H 

bniiQ-irriiaiion. 

^^^^^H 

fttUrimm  : 

Frennent,    vanring    with 
other  brflin-iymptoms. 

More  blnnd. 

Especially  In  incninsail         ^^^H 

inbercuJojiit.                        ^^^H 

mcrcosini;  in   children 

^^^^^H 

lu  conviiUioni. 

^^^^1 

Lmn/-tymp- 

Rapidly  trafksiloi>,»ciirc^ 

Usually    bilateral,    bron- 

Breathing  ditproponion-          ^^^^| 

tomi; 

iy  lobe  demonst lilted, 

chitic,  in  po>t«cior  lower 

atcly    rapid,  increaied          ^^^^| 

vanJDg  between  brun- 

pomoat. 

to  onhopnca.     Sounds                ^^| 

chitit.    mrla^talic    ab- 

normal   or  only  large                ^^| 

iccivti    ivillj    j>lcuri*y. 

met.                         ^^M 

and  [)yuiin«jiniiiliur;n. 

^^^^^H 

Uttiilaiti : 

Esprciaily  frctjuctil  in  the 
luni;t,  rare  in  the  tlv«. 
in    all    urganb    of    ibe 
body, 

Good  at  first,  then  abwni. 

Not  present. 

Not  present.                           ^^^^| 

SllEhl. 

^^^1 

In  mild  cams  not  coated. 

Dry.   coated,   protruded 

Usually  remains  moisL             ^^^^| 

with  tremor. 

^^^^^H 

Pmiu! 

Hard,  fall,  increased  fre- 

Hnrd  and  full,  later  soft, 

Disproportionately  hich;          ^^^H 

(^uency   In    chilh   And 

dicroiic,  80-100,  paral- 

iso-ijoi toft  and  small.          ^^^H 

fever ;     diiproporlbn- 

lel  with  lemperatur*. 

^H 

ntcly  high  in  ^rpsb. 

^H 

C»iru  : 

Irremilnr  In  the  inteniiiy 

Cbanictenstic     tempera* 

IrrcKUUr,  lasting  two  to                 ^| 

o(  ihc  phenomena  and 

turcturvc  over  period 

three  weeks.                                   ^H 

in  duration. 

of  Ihrec  to  four  wccki. 

^H 

vlMnNM.- 

Rare  d  i  itention ,  uccuni  ng 

Fiei|ucntly  dti^tecided    in 

Not  especially  distended.                 ^^k 

- 

after  the  second  *cck. 

the  iCLCind  week. 

^H 

X*ie«iM.- 

LacluDK :  but  wl-  lind  cic- 
vatedred  fleclu  nut  d:i< 

Charade tistic   roienta  in 

Lacking,                                            ^H 

secxnd  week.  e4f>etitdiy 

^H 

appeanng  on  prcuuro. 

in  the  lower  breast  nnil 
ahdunuHiil   it;{;iiin.  ttol 
sensitive  on   prcMure, 
often  elevated. 

1 

OtArrlUa  .* 

In  Mverc  cases,  toward 

ChnmclcrKlic     pea-soup 

Only  In  sbnuha&eous  In*                  ^| 

the  end,  then   wniery. 

stools. 

testtnal  luberctUoals.                      ^H 

pTofiiwr.  (etiil. 

^H 

AMomimal 

Frecjuent      over      lower 

Ileocecal  pain  In  itie  sec- 

Usually lacking.                                 ^| 

f4im:        • 

iplccnwhcn  metostaKS 
arc  prcicnt. 

ond  week. 

J 

Sfleim; 

Almost  without  cxceptii^n 

Conslaolly  swollen    and 

As    a    rule,  moderately         ^^^H 

ealatr^ed  and  p^ilpiblir. 

palpable. 

^^^H 

Icttriu  : 

Frequent,  tn   mild  caaci 
not  with  cenainty. 

Rare. 

^^^H 

D*<M: 

In  coma,  osuatly  by  cm* 

in  coma,  with  horl-fajl* 

In  coma,  or  coltepu)  with         ^^^^H 

bolhon  of  lunfi. 

urr. 

failure  of  lungit  or  braia.          ^^^^H 

OptU    mnri- 

Ofien    Tcnf  clearly  prvs- 

Not  p^G^cnl. 

Not     p  reseat,     dvoroldal           ^^^^H 

fis: 

enl.  rarely  septic  retinal 

tubercles       frequently          ^^^^| 

hemotrbaKe. 

demonsimble.                        ^^^^H 

Giref.  wt»cn  positive,  dif* 
fcr*nt  JiiniK  nf  micro- 

Only  lypboid  bacillus. 

Frequently   tubercle  ha-          ^^^^H 

maliam: 

orgjiniMin  (*lrrpioci)cci 

^^^^H 

and  xtnphylacocclr. 

^^H 

Malaria  is  often  to  be  difli 

Tcntiated  from  pvetnia,  since  chills  are        ^^^| 

common  to  both;  but  the  careful  sttidy  of  the  bh'xul  will  dit^closc  the        ^^^| 

malanal  organism  if  it  is  present.     Quinin  is  curative  of  most  cases  of        ^^H 

paludism. 

but  only  ."iliphtly  infi 

Licnccs  pyemia. 

■ 

AcuU  tna/t/^nttnt  cmiocardttis  and  acute  articular  rheumatism  are  to                  ' 

be  distinguished  by  reference  to  the  positive  findings  in  tiiese  diseases 

laid  down 

in  the  text-books  of 

internal  medicine. 

The  occurrence  of  ntitastase 

%  in  pyogenic  di.sease  is  usually  indicated 

by  chills, 

tempcniture-variation.s,  and  local  sijjn?  peculiar  to  the  part 

involved. 

When  nicta.stases  are  found,  the  diag 

nosis  of  pyemia  is 
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thereby  established.  The  diagnosis  of  pyemia  Is  not  complete  until 
point  is  discovered  at  which  the  infection  found  its  way  into  the  bJc 
This  is  usually  equivalent  to  the  discovery  of  the  vein  undergt 
thrombophlebitis. 

Treatment  of  Septicemia  and  Pyemia. — The  greatest  triur 
of  surgery  in  which  the  present  age  rejoices  is  our  recently  acqu: 
ability  to  prevent,  in  the  majority  of  cases  in  which  wounds  are  su 
cally  inflicted,  the  infection  of  the  exposed  surfaces.  In  pre-antise; 
days,  pus  of  certain  characteristics  was  expected  to  form  in  almost 
open  wounds  on  the  third  or  fourth  day,  and  was  called  pus  bonur. 
laudabile.  It  is  now  the  elaborate  and  painstaking  effort  of  every  s 
geon  to  prevent  suppuration  by  bringing  to  his  aid  a  well-organi 
corps  of  assistants  provided  with  every  needed  appliance.  To  prev 
suppuration  in  wounds  is  to  avoid  septicemia  and  pyemia  ;  so  that 
prophylactic  treatment  of  these  morbid  conditions  may  be  summed 
in  the  principle  involved  in  aseptic  wound  treatment. 

We  must,  moreover,  not  only  avoid  contamination  by  pus-microh 
but  we  must  prei'ent  the  lowering  of  the  resisting  power  of  the  individ 
by  auto-intoxication.  We  must  see  that  the  patient's  bowels  move  pn 
erly,  that  the  kidneys  are  acting  freely  (as  to  excretion  of  urea),  that 
intestinal  putrefaction  is  going  on,  etc. ;  and  in  diseases  in  which  into 
cations  are  present — for  example,  nephritis — we  must  either  coun 
against  operation  or  redouble  our  efforts  to  prevent  contamination, 
has  been  shown  experimentally  that  where  a  preliminary  injection 
the  toxins  of  a  certain  bacterium  has  been  made,  the  micro-organi: 
will  find  lodgement  in  the  tissues  of  the  body  somewhere,  and  gn 
freely  when  injected  in  numbers  so  small  that  without  this  aid  th 
would  inevitably  perish. 

Not  only  does  the  resisting  power  of  individuals  vary,  but  the  resi. 
ing  force  of  every  human  organism  varies  from  time  to  time  with 
wholly  physiological  limits.  The  influence  of  hygienic  canses  apparent 
the  most  trivial  is  often  of  vital  importance.  Thus  it  has  been  expe 
mentally  shown  that  rabbits  may  be  made  to  inhale  many  tuberc 
bacilli  without  visible  damage,  so  long  as  they  are  given  free  access 
light  and  air ;  but  if  confined  to  dark  places,  they  quickly  die.  In  di 
eases  in  which  the  date  of  operation  is  elective,  we  may  defer  the  pp 
cedure  until  the  patient  haS  been  put  into  the  highest  physiologic 
condition  by  proper  hygienic  and  therapeutic  measures. 

Many  cherish  the  hope  that  methods  of  immunization  may  be  ii 
vented  which  will  make  it  po.ssible  for  us  to  protect  our  patien 
absolutely-against  pus-infection  before  the  knife  is  used  at  all. 

Even  after  infection  has  occurred,  we  think  of  aiding,  so  far  as  po: 
sible,  those  forces  which  repel  the  microbic  invasion,  and  destroy  c 
eliminate  the  micro-organisms  from  the  body.  This  direct  treatmer 
of  suppuration  and  its  various  modifications  and  consequence's  has  bee 
the  ideal  of  medical  investigators  from  the  earliest  times.  Wc  certainl 
know  of  no  drujj  which  will  exercise  a  direct  influence  on  this  nialad) 
But  since  tlic  publication  of  Hchrin<;'?^  rcscarclics  on  the  diphthcri 
bacilhis — following  the  proofs  that  an  iintlirax-immunity  could  be  pro 
duced  in  certain  lower  animals — and  since  the  "scrum-therapy"  of  tlii 
disease  has  become  an  evcry-day  fact,  we  have  allowed  ourselves  ti 
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hope  thai  an  immunity  against  staphylomycosis  and  streptomycosis  (as 
the  commonest  forms  of  pyogenic  infection)  might  be  established  in 
the  human  body  by  artificial  means. 

Extcnsi\-c  studies  in  this  field  have  been  published  by  several 
writers.  Marmorek  of  Paris  has  boldly  recommended  ihc  scrum  of 
animals  immunized  by  a  method  of  his  own  devising.  HLs  first  cfTort, 
after  choosing  streptotnycosis  as  the  field  of  his  activity',  was  to  find  cult- 
ures of  sufficient  \irulence  and  to  maintain  that  virulence.  This  he 
succeeded  in  doing,  according  to  his  statements,  by  passing  ordinarily 
active  cultures  of  streptococci  through  the  bodies  of  experimental  ani- 
mahi  and  by  growing  the  microbes  upon  a  culture-medium  composed 
of  two  parts  of  human  blood-serum  and  one  p;irt  of  meal  bouillon.  In 
this  uay  he  obtained  a  culture  so  "  hyi)ervirulent "  that,  according  to 
his  experiments,  doses  of  as  small  a  quantity  as  one  one-hundred-mil- 
Unnth  of  a  cubic  miUimctcr  were  sufficient  to  kill  a  rabbit  With  this 
potent  \"irus  asses,  sheep,  and  horses  were  inoculated  in  increasing  do.ses 
until  tbcy  became  highlj''  resistant.  Their  serum  reni;unLd  toxic  for 
other  animals  and  for  man  for  four  weeks;  but  when  this  iKriod  had 
elapsed  after  ihe  lasi  inoculation,  the  scrum  conferred  imnmntly  upon 
animals  when  injected  under  ihc  skin. 

Without  further  delay  for  study  and  experiment,  Marmorek  began 
applying  hU  scrum  to  the  treatment  of  human  streptococcus-infections, 
and  reported  a  scries  of  injections  with  what  he  considers  favorable 
results.  Of  15  cases  of  puerperal  infectinn  treated,  "  with  streptomy- 
cosis werv  cured.  3  with  mixed  infection  with  Racterium  coll  died,  and 
of  5  with  mixed  infection  with  staphylococci,  2  died.  From  this  result 
he  argued  that  mixed  infections  arc  not  so  favorably  acted  upon  as  the 
simple  infection  with  the  bacteria,  for  immunit)'  again.st  which  the  serum 
was  prepared.  In  a  scries  of  411  cases  of  cr>'si|x:las,  the  mortality 
i<leclincd  from  5.12  per  cent,  to  34  per  cent;  but  to  offset  this  slight 
luction  of  d<^th-ratc  Marmorek  claims  that  the  patients  treated  im- 
>vcd  with  wonderful  rapidity  afler  tlie  administration  of  the  serum, 
id  that  their  sufferings  were  much  ameliorated. 

Many  independent  obser\'ers  have  tested  the  serum  with  results 
;which  are  not  yet  conclusive.    The  critical  and  experimental  review 

Pctruschky  of  the  Koch  Institute  in  Berlin  is  based  upon  the  study 

material  (scrum  and  culturcsl  from  Mannorek's  laboratory.     I'ct- 

:hky  could  not  confirm  the  statements  made  in  regard  to  the  exces- 
sive virulence  of  the  organisms,  nor  could  he  substintiale  the  reports 
uf  tlic  Parisian  experimenter  in  regard  to  the  efBcac}'  of  the  serum 
even  in  experimental  animals. 

At  the  present  time,  then,  we  have  tto  rcUable  antistreptococcic  agent, 
and  Lubarsch  even  decides  that,  while  our  present  knowledge  em- 
tbnoes  the  established  fact  that  in  experimental  animals  an  immunity 

streptococcus-infection  can  be  readily  obtained,  the  blood-serum 
of  the  mimunized  animals  contains  neither  antitoxic  nor  bactericidal 
powers. 

VT.  ISitwKB  vt  HcHlctbcrg  has  fttUL-knl  the  1ms  |nviniMng  queitton  of  imimHitr  lo 
Ajftanjtmn  IVimrn  n>iH-lu<i^4  ihai  a  mnvlory  inuminiiy  10  (hUdiiauu)  esr)it%  when 
.  hu  «mirrd  1  k\ci*  stuck  or  sUplij-loaivcotiii,  and  lie  decide*  ihM  whvn  l)ii*  irn- 
iXy  vxittk  there  u«  cheinicftl  lubouace*  tn  tb«  blood-scnun  upon  which   depnidi  the 
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resisting  power  of  the  oi^anism.  But  he  also  recognizes  the  weakaess  of  these  bodte  ud 
their  evanescent  character.  His  own  ex])t:rimcnts  having  been  intemipted,  he  suggests  tba 
a  .solution  i>f  the  practical  question  of  securing;  immunity  for  man  may  be  found  in  thrdit- 
covery  of  otiicr  nieiho<ls  of  immunization,  or  that  more  active  sera  may  be  obtained  froa 
animals  of  species  different  from  those  upon  which  he  experimented.  It  seems  (o  him  itK>n 
likely,  however,  that  the  active  bottles  in  the  immunized  serum  already  obtained  maybe 
separated  by  precipitation,  and  thus  concentrated  for  use  in  the  maladies  of  man. 

Acting  on  the  theory  that  the  estabhshment  of  a  teultocytosis  is  of 
benefit  in  combating  pyogenic  conditions,  it  has  been  proposed  to  bring 
about  this  form  of  activity  among  the  wandering  corpuscles  in  nonn^ 
subcutaneou.s  tissue  by  the  injection  of  such  irritants  as  oil  of  turpen- 
tine. This  suggestion  has  been  put  into  actual  practice.  The  estab- 
Ushmcnt,  however,  of  even  aseptic  foci  of  inflammation  docs  not  find 
ready  acceptance  among  modern  surgeons. 

The  elimination  of  the  micro-organisms  by  all  proper  means  is  to 
be  encouraged ;  but  the  proposed  plan  of  using  phenacetin  and  other 
violent  diuretics,  as  already  mentioned  above,  does  "not  seem  wholly 
rational,  since  these  drugs  have  other,  and  often  dangerous,  qualities. 
The  skin  may  be  made  to  do  its  full  duty  by  the  use  of  ordinary 
hygienic  measures.  The  other  emunctories  should  be  kept  active  by 
the  use  of  those  remedies  which,  while  stimulating  excretion,  do  not 
interfere  with  the  functions  of  vital  organs. 

The  principle  of  elimination  is  involved  in  the  plan  of  "  washing 
the  blood,"  or,  as  it  is  sometimes  called,  hypodcrmoclysis^  in  which  lai^ 
quantities  (one  to  several  pints)  of  normal  salt  solution  are  introduced 
under  the  skin.  The  fluid  is,  of  course,  readily  absorbed  and  passes 
into  the  blood,  while  a  corresponding  activity  of  the  kidneys  tends  to 
carry  away  the  peccant  material. 

The  antipyretics  are  usually  to  be  avoided  because  they  act  a.s  car- 
diac depressants  (fever  itself  may  be  of  utility  in  combating  the  infec- 
tion), and  because  the  temperature-curve  gives  important  aid  to  the 
surgeon  in  determining  the  nature  and  severity  of  the  disease.  The 
most  important  medicinal  agent  in  the  active  combat  with  septic  infec- 
tions is.  according  to  Billroth,  alcohol.  It  is  borne  by  these  patients  in 
enormous  doses  and  seems  to  exercise  a  favorable  influence  upon  the 
course  of  the  malady.  It  is  administered  in  the  form  of  wine  (the 
stronger  varieties)  and  the  distilled  liquors,  brandy  and  whiskey.  In 
egg-noggs.  egg-flip,  etc.,  wc  have  a  ready  means  of  combining  the 
agents  with  food.  With  peptonized  milk  and  eggs  the  alcohol  may 
be  introduced  in  clysters  when  tlic  stomach  fails.  Digitalis  is  reser\'ed 
until  tlie  pulse  weakens ;  but  stnrhniit,  pushed  almost  if  not  quite  to 
the  physiological  limit,  now  enjtjys  a  wide  and  apparently  wcll-deser\'ed 
po])ularity  as  a  tonic  stimulant.  Fenlinc^  is  just  as  important  here  as 
it  is  in  t>plioi(l  fever,  and  it  is  the  attendant's  duty  to  see  that  a  regular 
plan  of  feeding  is  arranged  and  adhered  to.  When  the  patient  can  no 
longer  digest  his  footl,  it  must  be  digested  artificially  before  it  is 
administered. 

The  influence  of  elevated  temperature  for  the  good  of  the  T>atient 
cannot  now  be  definitely  decided  upon.  Vet  there  are  not  wanting 
those  wlio  maintain  that  manj-  micro-organisms  do  not  flourish  as  well 
at  the  fever-temperature,  that  the  antibacterial  forces  of  the  body  are 
stimulated  b\'  tlie   heat,  that    elimination  of  toxins  and  even  of  the 
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bacteria  is  encouraged  by  the  fever,  and  that  the  pyogenic  cocci  have 
a  greater  tendency  to  produce  purely  local  reactions  in  the  presence 
of  pyrexia.  Fever,  then,  is  probably  a  beneficent  condition,  and  is  not 
to  be  combated  per  sc  as  the  inimical  element  of  the  disease. 

The  prophylactic  drainage  of  pyogenic  foci  has  for  its  object  the 
removal  of  the  infectious  matter  from  the  body  under  sucli  technical 
conditions  that  granulations  can  speedily  line  the  avenue  of  their  dis- 
charge and  place  the  abscess,  so  far  as  further  entrance  of  toxins  or 
microbes  into  the  blood  is  concerned,  practically  outside  the  body. 
The  principle  embodied  in  the  Latin  saw,  utn  pus,  iM  n'aata,  is  thor- 
oughly incorporated  in  the  teachings  of  modern  surgt-rj-.  The  early 
discovery  of  the  abscess  and  its  inmiediate  drainage  will  prevent  most 
cases  of  septicemia  and  pyemia.  It  may  be  necessarv*  to  amputate 
limbs,  to  resect  intestines,  to  extirpate  a  kidney  or  otherwise  muti- 
late the  body  in  order  to  substitute  simple  for  complicated  wound- 
relations.  Too  much  hesitation  in  the  jxTfurmance  of  these  operations 
may  be  the  cause  of  the  patient's  death. 

The  opening  of  secondary  foci  should  be  similarly  attended  to  ;  but, 
unfortunatel}'*,  when  the  bacteria  are  already  widely  di:>»en)inatcd 
throughout  the  system  or  localized  in  inaccessible  tissues,  the  course 
of  the  disease  is  only  too  frequently  unchecked.  Knowledge  of  this 
fact  docs  not,  however,  excuse  us  from  pursuing  the  pyogenic  enemy 
to  the  last  by  freely  draining  its  foci  of  reproduction  wliercver  they  can 
be  reached. 

In  pyemia,  quite  as  much  as  in  the  ty]>ical  form  of  septicemia,  it  is 
of  high  importance  to  attack  the  primary  site  of  disease,  especially 
when  sjTnploms  point  to  the  occurrence  of  suppurative  phlebitis. 
When  internal  foci  of  inflammation  are  inaccessible  we  are,  of  course, 
powerless;  but  amputation  is  indicated  when  the  extremities  are  the 
seat  of  an  othcnvisc  uncontrollable  phlebitis.  Extirpation  of  a  puer- 
peral uterus,  whose  veins  are  plugged  by  septic  thrombi,  is  also  indi- 
cated, and  has  been  frequently  practised. 

Septic  pylepkiebitis  due  to  localized  suppurative  peritonitis  is  more 
easily  prevented  than  cured.  Early  removal  of  inflamed  tissues  (if 
their  removal  is  permissible)  and  adequate  drainage  constitute  the  best 
safeguards. 

The  accessible  intracranial  sinuses  have  been,  of  late,  frequently 
opened  and  freed  of  purulent  detritus,  and  many  lives  saved.  The 
technic  of  the  operations  and  their  details  must  be  reser\'cd  for  another 
chapter;  but  an  abstract  of  one  of  Rushton  Parker's  ca.scs '  will  illus- 
trate the  principles  followed  in  operating  upon  cases  of  thrombophlebitis, 

A  yonnK  nmn  twenly-GTC  yean  old  bad  »ufi«r»d  a  rapture  of  the  membnuu  timpani 
nf  thr  \fi\  car  on  arcuum  o\  otiiis  mrdia.  He  was  alUiknl  with  uiddcn  pain  in  tlie  car, 
mwl  ftom  ilic  foMith  to  the  ninth  day  *!^  hi«  iilckticui  he  ntfl'cTcd  from  daily  chills,  vomilin];, 
iraprrfwl  ulcep,  and  pyemic  lemperalme.  A  fclitl  ototihca  wa*  noted  on  cxaminativn. 
with>'ul  «wc1lin|;  of  ihc  mastoid  f»^on.  hut  with  tumrfariion  and  tendernr&s  iwer  the  upper 
|Mrt  of  tile  jttgulni  vein.  Double  optic  neuritis  eiikled,  moT«  inaike<l  nn  thr  right  rhan  on 
the  left  «de.  Durinc  the  nnt  two  dayi  four  chilUuccurred.  On  the  dcventh  day  of  the 
diieasc  ■  radkal  operation  was  undcrtalccn,  a  5kin-)nci«ion  of  wvcn  or  eight  inche*  long 
beinit  made  over  the  inlenml  jtignlar  vein.  Tlie  vein  wu*  ihrunitmsed  from  the  ba«e  of  the 
ilrall  duwnwnrd  lo  iti  junction  with  the  bcial  vrir  \  the  fncial  rrin  nlwi  wn«  ihmmttovrcl  for 

•  He*Jiler,  />i>  OlpgfHt  Pyttmie. 
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a  short  distance.  Both  veins  were  ligated  with  catgut,  cut  thiough  at  healthy  pointy  ud 
resected  as  far  as  thrombosed.  The  mastoid  process  was  opened  with  hammer  aod  chi*l 
and  the  transveme  sinus  laid  bare.  It  was  found  filled  with  green,  stinking,  putrefying 
fluid,  and  contaitie<l  the  loose  end  of  the  thrombus  which  plu^^  the  jugular  vein.  The 
center  of  this  thrombus  showed  upon  section  purulent  softening.  The  thrombosed  vein  vsi 
cut  away  one  inch  from  the  Ixiue  and  the  rest  scraped  out  with  a  sharp  spoon.  The  tiaiir 
verse  sinus  was  similarly  scraped  out,  and,  upon  further  probing,  a  hemorrhage  occuiTed 
which  was  stoppe<l  by  tani[>unade.  Two  days  later  the  tampon  was  removed  under  natcoiiN 
since  pus  had  collecletl  behind  it.  The  lower  half  of  the  wound  was  sutured,  and  healed 
by  first  intention,  while  the  upper  half  was  tamponed  with  gauze.  la  the  course  of  the  neii 
week  the  temperature  rose  several  times  to  39°  C,  once  indeed  to  40°  C,  but  afterwaid 
the  patient  seemed  to  improve.  After  sixteen  days  he  left  the  bed.  Optic  neuritis  reRuiixd 
on  the  right  side,  but  the  subsequent  atrophy  impn>ved  after  three  months,  when  the  mti- 
toid  process  had  cicatrized.     The  suppuration  from  the  ear  hod  ceased  long  previously. 
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ERYSIPELAS. 

Krvbipelas  is  one  of  the  group  of  hospital  pests  which  antiseptic 
surgery  has  not  been  able  to  banish  from  hospital  wards.  It  is.  liow- 
cvcr,  seen  much  less  often,  and  has  been  steadily  diminishing  in  fre- 
quency ill  wcll-rcyulated  hospitals.  It  may  be  defined  as  an  acute 
intlamniation  of  thy  skin,  spreading  along  the  surface,  and  rarely  to  the 
deeper  parts,  with  a  tendencj-  to  spontaneous  recovery.  It  is  accom- 
panied by  acute  febrile  disturbance,  it  may  involve  mucous  membrane, 
it  may  recur.  The  name  is  derived  from  ip'jfipo;,  red,  and  sii.).a, 
skin. 

la  the  righltrenlh  rrnlury  extensive  epiJ«nic»  I'f  nyN\tr)*^  viMic<)  Euro|)e  —  France  in 
1750  and  Ciical  Biitaiii  In  1777.  In  the  iitnrlcviicli  ueiitun'  r|>iilcinio  arc  al«<>  rcvimlrd  in 
lhe»e  i.'uuntriv& as  well  as  in  Ainrnca.  I'hc  qiiilcniK:  lit  New  Knglaiitt  in  1S4J--43  wiu  uT  a 
moU  iDalignatit  lype.  Ii  «pr«ad  from  vil]u){«  to  villa{t«  in  «  maniM^r  unlinowD  u  the  prewnt 
lime,  aiid  was  accoiiajankd  by  Ukmc  deep  >uppurati(^ns  vccn  uiilyiii  ihe  fcvenut  foniunjt 
pbl^gmonou*  ef}-.-iiprf.v>,  nut  only  (iie  »ubi.-uiaiictiu.-i  li.siiue  but  even  the  oiukIcs  being  dis- 
aeclnl  awav  (nun  Ihcir  sunrouadine^  by  Uic  burtuwinit  vinia.  Since  that  tiuic,  iHllaideof 
bo*p«Ul  wardfi,  we  h«ar  liltic  of  l^pt<Ic■nic*  of  thii  dii«ue. 

Etiology. — The  cause  of  the  disease  is  the  Strei)tococcus  erysip- 
elatis.  The  single  cocci  are  from  0.3  fi  to  0.4  ;i  in  diameter.  They  grow- 
in  serpentine  chains,  the  links  of  the  chains  forming  pairs  of  cocci,  as 
in  most  forms  of  streptococci.  The  question  of  the  identity  of  this 
organism  with  the  Streptococcus  pyogenes  is  still  in  dispute.  The 
weight  of  authority  at  the  present  tinje  is  in  favor  of  the  identity  of 
these  organisms,     (See  Chapter  1.) 

The  cocci  are  found  in  the  capillary  lymphatics  of  the  skin  and  in 
the  lymph-spaces  chiefly  (Fig.  44).  but  they  are  sometimes  seen  in  tlic 
cafMllar}'  blood-vessels  and  in  the  small  veins  also.  They  may  be 
found  even  beyond  the  lines  of  the  inflammation  in  parts  as  yet  un- 
changed. Near  the  red  border  the  growth  of  organisms  is  most 
active.  The  lymphatics  arc  so  crowded  wiih  ihent  that  the  leuko- 
cytes are  hard  to  find.  Chains  of  cncci  may  I>e  seen  at  this  point  in 
the  adjacent  connective  tissue.  The  cocci  arc  not  fnund  in  the  leuko- 
cytes itt  the  lymphatics,  but  may  be  seen  in  the  protopla.-fm  of  cells  in 
the  tissues.  Nearer  the  center  of  the  infected  area  the  cocci  have 
already  disappeared.  They  arc  found  in  small  numbers  only  in  the 
vesicles.  They  iio  not  spread  freely  through  the  circulation,  though 
they  may  be  found  occasionally  at  a  distance  from  the  jKtint  of  inflam- 
mation. The  constitutional  disturbance  is  therefore  due  largely  to 
the  presence  of  their  toxic  products.  Though  the  appearance  of  the 
disease  at  distant  points  from  the  seat  of  entrance  is  proof  positive 

ITS 
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that  the  organism  may  be  transmitted  from  one  part  of  the  bod>'  to 
another,  yet  the  most  frequent  point  of  entrance  is  through  the  wound 
This  may  be  an  operation- wound  or  some  abrasion  or  minute  wound 
so  small  as  easily  to  escape  notice.  It  is  also  possible  that  the  organ- 
ism may  gain  an  entrance  through  the  lungs  or  digestive  tract,  and  an 
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Fid.  44. — A  Miiall  vi'ssi*!  ne.ir  ^cut  of  iiill:imni;ition,  showmi;  perivascular  lyniphaiic   rrowdt^ 
wiih  sircptococd.     -■!.  lumi'ii ;  H.  media  ;   C,  streptococci. 

intravascular  infection  may  thus  be  produced.  The  healthy  uninjured 
skin  undoubtetlly  offers  a  sure  protection  against  infection  through 
that  organ. 

Ery.sipelas  is  a  highly  contagious  disease.  It  has  been  spread  by 
vaccination  with  unclean  tcchnic,  and  epidemics  have  thus  been  pro- 
duced. Attention  was  first  called  to  the  close  relationship  of  erj-sip- 
L-las  and  puerperal  fever  by  O.  W.  Holmes.  An  excellent  illustration 
of  this  was  given  in  a  certain  h<)si)ital  when  an  attempt  was  made  to 
break  up  an  epidemic  of  puerperal  fever.  The  puerperal  ward  was 
converted  into  a  skin  clinic^  in  which  eiy.sipelas  promptly  appeared. 
Among  the  predis])osing  causes,  the  season  of  the  year  was  at  one 
time  supposed  to  be  an  important  agent.  It  is  probable  tliat  the  earlv 
spring,  when  the  disease  was  supposed  to  be  more  rife,  was  influential 
only  in  tliat  the  general  health  of  the  patient  is  Jess  likely  to  be  \Hgo- 
rous  than  at  other  periods  of  tlie  year.  Age  is  probably  a  far  more 
important  factor.  One  rarely  iicars  of  er\'sipelas  in  children,  although 
erysipelas  neonatorum  is  still  a  familiar  disease.  Old  people  do  not 
ap])ear  to  he  es]jeciaH_\'  liable  to  it.  Individuals  broken  down  in  health 
by  long-standing  malignant  disease  or  other  cachectic  disease  are 
undoubtedly  more  susceptible  to  infection  of  this  kind. 

Symptoms. — Constitutional  disturbance  usually  begins  before  the 
local  symptoms  manifest  themselves.  Tins  Is  usually  in  the  form  of 
gastric  disturbance  accnnipanied  by  pyrexia,  which  symptoms  are 
known  as  prodromal  symptoms.     The  tongue  becomes  heavily  coated ; 
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e  is  a  sense  of  oppression  in  the  eijigastrium,  with  malaise,  and 
posf^ibly  at  night  some  delirium.  Some  enlargement  of  the  lymphatic 
glands  may  be  obsen'ed  in  the  neighborhood  of  the  wound.  A  day 
or  two  may  pass  before  any  change  occurs  in  the  appearance  of  tlic 
wound;  but  occasionally  the  general  symptoms  are  so  slight  as  to 
pass  almost  unnoticed,  and  then  the  earliest  signs  are  seen  in  the 
wound  itself 

By  far  the  most  characteristic  feature  of  the  disease  is  the  inflam- 
mation of  the  skin.  It  is  recognized  by  an  increased  feeling  of  ten- 
sion in  the  wound,  with  increased  heat,  and  usually  with  an  itching  or 
burning  sensation.  As  exudation  takes  place,  there  are  diffused  red- 
ness and  swelling,  more  or  less  uniform  at  the  center,  but  at  the  edges 
showing  a  zigzag  irregularity  of  outline,  like  the  burned  edges  of  a 
sheet  of  paper.  There  is  a  slight  yellowish  tinge  to  the  part,  and  to 
the  touch  it  feels  more  or  less  indurated.  As  the  inflammation  in- 
creases, minute  vesicles  arc  found  in  large  numbers.  Man\-  of  them 
iairly  run  together  and  form  bulla:  filled  with  a  clear  and  >lightly  yel- 
lowish serum,  which  subsequently  becomes  turbid  and  at  times  puru- 
lent. The  smaller  vesicles  soon  dry  and  form  yc-Uowish  or  brownish 
scabs  which  fumisli  abundant  material  for  desquamation.  This  mate- 
rial, containing  as  tt  does  the  organism,  is  undoubtedly  a  prolific 
source  of  contagion. 

The  local  inflammation  shows  a  tendency  to  spread  in  various  di- 
rections. The  outline  continues  to  be  well  marked  and  is  evidently 
due  to  the  invasion  of  new  lymphatic  territories.  The  general  direc- 
tion of  spreading  is,  when  on  the  extremities,  toward  the  trunk  ;  when 
on  the  face,  toward  the  scalp.  It  may  meander  over  extensive  surface, 
and  the  disease  is  then  known  as  wa/idtring  erysipdas  {amhultuts  or 
migrans). 

At  the  end  of  three  or  four  daj's  the  local  inflammation  resolves 
and  adjacent  regions  soon  become  afTccted;  occasionally  the  inflam- 
mation ntay  appear  at  a  Itjng  disliince  from  ihe  tiHginal  focus  of  infec- 
tion, and  IS  then  called  "  metasUitic."  It  may  return  again  to  a  part 
after  having  once  left  it.  This  recurring  tendency  is  highly  charac- 
teristic of  the  disease.  Through  all  these  changes  the  inflammation 
continues  to  remain  superficial,  and  suppuration  does  not  take  place. 

The  disease  usually  lasts  from  one  to  two  weeks  and  has  a  decided 
tendency  to  gel  well  spontaneously;  but  even  after  ap|>arent  complete 
recovery  has  taken  place,  there  is  always  danger  of  a  relapse.  Some 
patients  are  subject  to  what  is  called  "  hnhiiual  irysipeias','  coming  on 
at  certain  [>eriods  of  the  year  or  occurring  always  on  certain  parts  of 
the  body.  In  such  cases  there  is  often  an  clcphantiasis-like  thickening 
of  the  skin. 

During  the  progress  of  the  inflanimntion  the  lips  of  the  wound,  if 
it  is  in  the  early  stages  of  healing,  are  swollen,  and  a  thin  seropiir,ulenl 
fluid  escapes.  In  open  granulating  wountls  there  is  comparatively 
htlle  disturbance.  1  he  disease  sometimes  appears  to  exert  a  stimu- 
lating effect  upon  the  healing  process,  the  wound  healing  more  rapidly 
than  before.  This  is  probably  due  to  the  absence  of  the  virus  in  the 
capillaries  of  the  granulation-tissue,  and  the  extra  blood-supply  which 
they  receive.    The  granulations  are,  however,  occasionally  infected, 
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and  then  lose  their  brilliant  color  and  become  dull  and  glazed.  Hem- 
orrhagic and  necrotic  spots  may  be  found  here  and  there.  There  is 
considerable  sloughing  in  fresh  wounds  healing  by  first  intention,  and 
the  healing  process  may  be  badly  broken  up  under  such  circumstances. 
Pus  may  form  and  burrow  freely.  Secondary  hemorrhage  may  occur 
under  these  conditions. 

Pyrexia  is  usually  well  marked.  The  di.sease  may  be  ushered  in 
by  a  chill  with  a  rapid  rise  of  temperature  which  may  reach  104°  w 
105°  R  The  temperature  usually  continues  high,  but  varies  in  a  most 
erratic  manner,  keeping  pace  with  the  local  progress  of  the  disease 
After  a  prolonged  attack  there  may  be  a  subnormal  temperature  for 
several  days,  probably  due  to  the  feeble  state  of  the  patient. 

Varieties. — Phlegmonous  erysipelas  is  characterized  by  a  spread- 
ing downward  of  the  virus  into  the  subcutaneous  tissue.  The  infection 
is  much  more  extensive  than  in  ordinary  erysipelas,  and  the  local 
symptoms  are  consequently  much  more  marked.  The  fever  continues 
high,  and  is  often  typhoidal  in  character.  It  is  not  long  before  suppu- 
ration takes  place.  Free  incisions  give  vent  to  a  thin  ichor,  in  which 
may  be  found  shreds  of  sloughing  tissue.  Large  sloughs  eventually 
are  discharged,  resembling  masses  of  wet  blotting-paper.  The  pus 
burrows  rapidly,  and  the  skin  for  considerable  distances  is  thus  dis- 
sected off  from  the  subjacent  fasciae.  In  rare  instances,  suppuration 
may  extend  more  deeply  still  and  invade  the  intermuscular  spaces,  but 
this  type,  fortunately,  is  rare.  Even  the  periosteum  and  bones  may 
become  infected,  and  cases  are  recorded  in  which  the  joints  have  been 
involved  and  have  become  disorganized.  In  the  extreme  forms  of  this 
type  large  masses  of  tissue  may  become  gangrenous.  The  approach 
of  gangrene  is  ushered  in  by  a  dusky  discoloration  of  the  skin.  Large 
bullai  form,  filled  with  fluid  having  an  offensive  odor. 

Some  of  the  more  rapidly  spreading  t>'pes  of  streptococcus-infec- 
tion, such  as  are  seen  following  infection  of  the  hands,  are  closely 
allied  to  erysipelas,  and  have  been  by  some  authors  grouped  with 
this  disea.se.  The  close  resemblance  of  the  two  organisms  is  strongly 
suggestive  of  the  similarity  of  the  diseases. 

Facial  erysipelas  has  sometimes  been  called  "  idiopathic  "  erysip- 
elas. Infection  occurs  through  minute  wounds  or  abrasions  near  the 
root  of  the  nose.  Starting  from  the  bridge  of  the  nose,  the  inflamma- 
tion spreads  laterally  across  the  checks  toward  the  car,  rarely  involv- 
ing the  tip  of  the  nose.  It  is  said  to  have  a  preference  for  the  right 
cheek.  Its  outline  is  usually  well  marked.  It  spreads  gradually  over 
one  or  both  cheeks,  and  in  severe  ca.ses  involves  the  entire  face,  the 
ears,  and  eventually  the  scalp  ;  less  fre(]uently  it  involves  the  neck.  In 
its  full  development  the  swelling  is  great  and  the  features  are  much 
distorted.  The  eyelids  are  edematous,  and  the  nostrils  are  obstructed 
so  that  the  patient  is  confined  to  mnuth-breathing.  There  are  high 
fever  and  a  strong  tendency  to  <ii:Iiriuni.  which  is  explained  by  irrita- 
tion of  the  cortex  of  the  brain  rather  than  by  congestion.  This  form 
of  erysipelas  may  become  phlegmonous,  and  orbital  suppuration  may 
occur  with  infection  of  tlic  eye  it.sclf.  Blindness  is  a  not  infrequent 
result  of  such  complication.  Septic  meningitis  may  also  be  the  out- 
come of  sucli   severe   tj-pes  of  infection   as  this.     But  although  the 
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swelling  of  the  face  may  be  most  fomiidablc  and  the  delirium  of  an 
a^ravaicii  tyiK.',  sucli  crises  may  eventually  tenninatc  favorably. 

Erysipelas  neonatorum  occurs  throuj^h  infection  from  the  granu- 
lating surface  o(  the  stuntp  of  the  umbihcal  cord.  The  disease  is 
charactcnzcd  by  a  blush  about  the  navel  with  an  extension  of  the 
inflamnialion  to  the  thighs  and  genitals.  There  is  considerable  fever ; 
gangrene  or  suppuration  may  occur  as  complications.  The  patient 
blU  mto  a  collapse 
and  succumbs  to  tlu- 
discasc  on  the  sixt  U 
to  the  tenth  day. 

Erysipelas  is  fouml 
occasionally  in  the  mu- 
cous mcml)ranes.  In 
bcial  er}'si|>clas  there 
may  be  an  extension  to 
the  phar>*n\  and  again 
back  through  the  Ku- 
sUchian  tube  to  the  ex- 
ternal auditory  meatus 
and  ttic  scalp,  tt  may 
be  traced  as  Ihr  as  the 
lungs.  Such  combina- 
tions have  been  known 
as  erysipelatous  an- 
giruL  If  the  glottis 
should  become  edema- 
tous, as  it  occasionally 
does,  ihc  result  is 
nearly  always  fatal. 
Tl(c  female  genitals 
and  the  rectum  arc 
also  occa.sionat)y  the 
scat  of  cr>-sijx.'Ias. 

PathoiOifical 
Anatomy. — The  prin- 
cipal aiutomical  seat  of 
tlic  disease  is  the  skin. 
The  cells  of  the  cpi- 
licrmic  layer  arc  much 
swollcti  or  raised  up 
into  ve:<iicles  by  fluid. 
There  is  much  edema 
of  the  softer  structure 
of  the  skin  and  sub- 
cutaneous tissue,  as  shown  by  the  microscope  (Fig.  45).  The  rich 
captllar^'  nilw<»rk  of  lymphatic  existing  in  the  upper  layers  of  the 
Inic  skin,  jre  cruwck-ii  with  leukocytes.  Streptococci  are  found 
near  the  margin  of  the  infected  area,  also  in  the  neighboring 
part*,  in  the  lymphatics,  and  in  the  subcutaneous  tissue.  When  the 
growth  of  streptococci  is  unusually  active,  minute  ab.scesse5  forn>  and 
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are  often  absorbed  without  giving  any  external  indication    of  their 
presence. 

There  are  no  oi^anisms  found  in  the  blood-vessels,  for  they  are  usually  speedily  destroyed 
there,  probably  by  the  antitoxic  properties  of  the  blood-*niin.  The  white  corpuscles  »« 
greatly  increased  in  numbers,  and  the  red  blood-disks  assume  a  peculiar  crenatcd  appeanim. 
Endocarditis  involving  the  bicuspid  and  mitral  valves  may  occur,  and  also  pericarditis.  A 
slight  systolic  murmur  is  frequently  heard,  which  disappears  with  the  erysipelas.  The  gai- 
tric  disturbance  is  probably  due  to  the  general  sepsis,  as  there  are  no  local  changes  id 
account  for  it.  Ulcerations  of  the  small  intestine  are,  however,  sometimes  seen.  Thebnis 
and  membranes  are  somewhat  hyperemtc  and  e<lematous.  Suppurative  meningitis,  which 
is  extremely  rare,  results  from  invasion  from  a  phlt^;munous  inflammation  through  the  ortiL 
Cloudy  swelling  of  the  spleen  and  kidneys  and  enlai^emeat  of  the  parotid  gland  are  foimd. 

Prognosis. — The  prognosis  of  erysipelas  is,  on  the  whole,  favor- 
able. After  a  few  days  of  inflammation  there  is  a  marked  tendenc>'  to 
resolution,  and  this  clinical  fact  should  be  borne  in  mind  in  estimating 
the  value  of  any  remedy.  The  disease  varies  greatly  in  its  scverit)'. 
but  it  may  be  said,  on  the  whole,  that  it  is  less  dangerous  in  itself  than 
through  its  complications. 

The  repair  of  a  wound  is  checked,  and  the  recently  cut  surfaces 
are  exposed  to  a  widespread  .sepsis.  There  is  always  danger  in  such 
cases  while  the  infections  last,  A  large  vessel  may  be  opened,  or  a 
fatal  edema  or  infection  of  the  air-passages  may  take  place.  Severe 
erysipelas  of  the  head  or  neck  is  always  a  source  of  anxiety  for  this 
reason,  and  also  from  the  danger  to  the  brain  and  its  membranes. 

Treatment. — This  consists  in  the  use  of  some  local  antiseptic 
application  and  internal  medication.  The  constitutional  treatment  is 
at  the  present  time  supportive.  Purgatives  and  other  depleting  meas- 
ures should  carefully  be  avoided,  as  the  system  needs  strength  to  com- 
bat sepsi.s.  For  this  reason  alcohoUc  stimulants  are  valuable  if  used 
judiciously.  They  arc  needed  chiefly  in  the  aged  and  feeble  and  those 
broken  down  by  long-standing  disease.  A  nourishing  and  digestible 
diet  is  of  the  greatest  importance,  and  it  is  probable  that  good  nursing 
has  as  much  to  do  with  the  successful  treatment  of  erysipelas  as  any 
of  the  favorite  methods.  Alcohol  had  better  not  be  given  in  fadal 
erysipelas  when  there  is  much  delirium,  although  delirium  does  not 
necessarily  contraindicatc  its  use.  Large  doses  of  tincture  of  chlorid 
of  iron  are  supposed  to  have  a  bencflcial  effect  upon  the  blood-corpus- 
cle in  this  disease.  It  is  given  in  dram  doses  every  two  hours.  Quinin 
is  also  much  employed.  The  drugs  are  frequently  given  conjointly; 
5  to  10  gr.  (0.33  to  0.66  gm.)  of  quinin  in  combination  with  30  drops 
(2  gm.)  of  the  tincture  of  the  chlorid  of  iron,  given  3  or  4  times  a  dav. 
exert  a  powerful  tonic  action  which  is  undoubtedly  beneficial  in  the 
more  chronic  forms  of  er\'sipelas  or  during  the  later  stages  of  an  acute 
attack.  Antipyretics  have  little  influence  on  the  temperature,  and  are  con- 
traimlicated  owing  to  their  depre.ssing  influence  upon  the  heart's  action. 

The  number  of  salves  and  unguents  recommended  for  this  disea.*^ 
is  JL-gion.  It  is  probable  that  stiine  antiseptic  drugs  are  capable  of 
absorption  through  tlie  skin  and  of  exerting  an  antiseptic  action  upon 
the  organisms.  Among  the  best  of  these  is  carbolic  acid.  This  mav 
be  ap])h'ed  in  vasulin  as  a  vehicle  of  the  strength  of  i  :  100  if  a  larer 
surface  is  to  be  covered,  and  stronger  when  the  area  is  small.  Cart 
should  be  taken  that  it  is  not  absorbed  in  large  doses.     Gutta-percha 
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tissue  should  be  applied  over  it  as  a  protection.  On  small  areas  on  the 
face  an  cvapo^atiI^g  lotion  of  carbolic  acid  (consisting  of  J  dram  (2  gm.) 
of  crystallized  carbolic  acid  to  4  ounces  (125  ym.)  each  of  wati:r  and 
alcohol)  maj'  be  applied  on  a  piece  of  old  linen.  This  lotion  can  be 
arranged  to  alternate  with  some  fonn  of  anti-scptic  ointment.  In  ery- 
sipelas of  the  limbs,  large  antiseptic  poultices  (p.  72)  of  creolin  or  other 
form  of  carbolic  acid  exert  a  moderate  antiseptic  action.  Subcutaneous 
injections  around  the  inflamed  borders  have  not  met  with  sufficient 
success  to  encourage  their  further  use.  In  using  carbolic  acid,  a  care- 
ful watch  should  alwaj's  be  kept  ujjon  the  urine.  An  indication  of  ohve 
coloring  should  be  aiusc  for  omitting  the  drug. 

Isolation  is  important,  as  desquamation  is  always  a  source  of 
danger,  and  it  is  probable  that  autoinfection  may  occur  In  tliis  way. 
Many  of  the  relapses  are  probably  due  to  a  re -inoculation.  Special 
attention  should  therefore  be  given  by  the  nurse  to  the  care  of  the  skin 
of  the  whole  body.  Frequent  batliing  with  alcohol  and  water,  or  with 
'boric-acid  wash,  will  disinfect  the  scaling  cpidernits. 

Frequent  change  of  clothing  is  imi>ortant  for  the  same  reason.  If 
possible,  the  patient  should  have  a  complete  change  of  all  coverings, 
and  should  be  remoxed  to  another  room  as  a  prophylactic  against 
relapse  during  the  period  of  convalescence. 

Carative  Infltience. — During  attacks  of  erysipelas  it  has  long 
been  noticed  that  chronic  diseases  of  the  skin  often  disappeared,  such 
as  tul>erculous  nodules,  old  ulcers,  and  sinuses  that   Iiave  obstinately 

•  resisted  various  modes  of  treatment.  Old  neuralgias  get  well,  and 
even  cancer  has  been  known  to  break  down  and  heal,  The  most 
beneficial  effect  has  been  obscr\ed  on  sarcoma.  This  was  first  noticed 
clinically  by  Tillman,  and  now  has  been  eniplojed  for  a  long  time  with 
some  success  by  Colcj*  and  others.     (Sec  Sarcoma.) 
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This  disease  has  disappeared,  and  is  unknown  to  the  present  gener- 
ation of  sui^eons  in  civilized  countries.  It  is,  however,  highly  prob- 
able that  during  war  and  famine  it  will  reappear,  and  that  it  prob- 
ably exists,  perhaps  unrecognized,  in  snme  countries  wliert-  antiseptic 
methods  are  still  unknown.  It  is  desirable,  therefore,  that  one  who 
has  seen  many  ."ievere  epidemics  should  record  his  experience,  as  there 
arc  not  a  great  many  surgeons  at  present  living  who  are  able  to  do 
this. 

Hospital  gangrene  is  a  contagious  traumatic  disease,  characterized 
by  a  diphtheritic  wound-inflammation  produced  by  poison,  the  precise 
nature  of  which  is  not  yet  fullj-  understood  (probably  a  streptococcus), 
and  usually  accompanied  by  more  or  less  profound  septic  fever.  The 
conditions  favoring  an  epidemic  of  this  disea.se  arc  tho-^ie  which  prevail 
during  war  time,  when  patients  are  crowded  into  hospitals  with  lack 
of  proper  means  of  treatment.  The  disease  ran  rife  in  the  Crimean 
War,  and  also  in  the  American  Cixil  War.  The  conditions  prevailing 
in  the  Confederate  prison  at  Anderson vi He,  South  Carolina,  furnish 
probably  the  most  typical  modem  example  of  those  conditions  favor- 
able for  the  development  of  such  an  epidemic. 
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The  ground  covered  by  the  prison  was  about  15  acres  in  extent,  but  the  space  taken  up 
by  the  variouii  walls  and  the  "dead-line"  reduced  the  space  to  about  12  acres.  This 
ground,  which  s](>|>ed  toward  the  center  on  either  side,  was  divided  into  halves  by  a  small 
muddy  brook  which  was  de61ed  by  the  refuse  and  sewage  of  the  prison,  A  morass  of 
human  excrement  lined  the  banks  of  the  stream.  There  was  no  protection  to  the  pris- 
oners except  caves  built  by  them.  The  greatest  number  uf  men  accumulated  at  anyone 
time  is  said  to  have  been  35,000.  In  the  month  of  August,  1864,  there  were  31,678  pris- 
oners in  the  .stockade,  and  the  number  uf  deaths  from  all  causes  in  that  month  amounted  to 
2993.  During  the  months  of  July,  August,  anil  September,  1864.  there  were  208  deaths 
from  hospital  gangrene  in  Ward  No.  5  of  the  .\ndersonville  Hospital.  It  is  probable  that 
there  were  a  lart,'e  number  of  deaths  from  gangrene  following  bites  from  insects  or  superven- 
ing on  ulceration  from  scurvy,  etc' 

No  bacteriological  reports  have  been  made  of  the  vims  of  this  disease,  and  do  suitable 
opportunity  has  offered  .since  the  advent  of  bacteriology.  It  seems  highly  probable  from 
the  mode  of  action  of  the  vims,  and  from  such  imperfect  histological  reports  as  have  been 
received,  that  the  organism  is  a  streptococcus,  and  possibly  an  organism  which,  by  frequent 
culture  under  certain  conditions  through  several  generations,  is  able  to  produce  the  patho- 
logical phenomena  of  hospital  gangrene.  It  may  be  for  some  such  reason  as  this  that  we 
do  not  see  isolated  cases,  as  in  all  other  traumatic  infective  disease.  The  period  of  incuba- 
tion is  uncertain,  varying  from  twenty-four  hours  to  three  days. 

The  principal  forms  are  the  ulcerating,  the  pulpy,  and  the  diphthe- 
ritic— names  given  to  indicate  the  appearance  of  the  surface  of  the 
wound.  The  local  constitutional  symptoms  are  far  more  pronounced 
in  the  pulpy  form.  This  variety  includes  all  the  graver  cases  with 
extensive  and  deep-seated  loss  of  tissue. 

One  of  the  earliest  symptoms  observed  in  a  wound,  indicating  the 
approach  of  the  disease,  is  a  change  in  the  color  of  the  granulations. 
In  the  era  when  epidemics  of  hospital  gangrene  flourished,  dressers 
were  warned  to  watch  carefully  for  the  "grayish  look"  of  the  granu- 
lating surface.  If  this  appearance  became  more  marked,  it  was  evi- 
dent that  the  superficial  layer  of  the  granulation-tissue  had  become 
necrosed,  and  that  a  "  rind  "  or  "  membrane  "  had  formed,  giving  the 
surface  a  diphtheritic  look.  This  is  known  as  the  diphtheritic  form. 
The  secretion  of  the  wound  is  at  first  diminished,  and  later  it  is  increased 
and  becomes  more  liquid  than  usual,  quickly  saturating  the  dressings. 
The  edges  of  the  wound  are  somewhat  inflamed  and  thickened  and 
indurated.  As  the  rind  separates,  sloughs  of  considerable  size  are 
revealed.  The  wound  assumes  a  crater-like  appearance,  and  the  edges 
of  the  wound  appear  as  if  gnawed  by  some  rodent.  When  the  process 
is  arrested  by  treatment,  the  sloughs  are  cast  off,  healthy  granulations 
appear,  the  congested  edges  of  the  wound  resume  their  natural  thick- 
ne.ss  and  color,  and  the  cicatrizing  process  is  resumed. 

Ulcerating  Porm. — Here  tlie  formation  of  a  rind  does  not  occur. 
The  granulations  have  an  unhealthy  appearance,  are  paler  than  usual, 
and  lose  their  plump,  exuberant  character.  On  closer  inspection, 
minute  extravasations  or  exudations  are  seen,  and  when  these  points 
break  down,  small  cup-shaped  ulceration.s  appear  on  the  surface  of  the 
granulations.  Tlie  edges  of  the  wound  begin  to  recede,  and  the 
wound  becomes  larger.  Sometimes  there  is  only  a  tendency  of  the 
wound  to  enlarge  without  any  marked  organic  changes — a  condition 
analogous  to  ulceration.  At  other  times,  the  wound  gradually  be- 
comes discolored,  and  the  discharge  is  thin  and  streaked  with  blood 
and  has  a  foul  odor  (ichor).  The  interior  of  the  wound  has  finally 
a  dirty-greenish  hue.  The  edges  of  the  skin  are  frequently  quite 
'  Warren's  ".Surgical  Patholi^y." 
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unchanged  in   appearance,  and   one  is  often  surprised  to  find  them 
deeply  undermined  witli  gangrenous  pockets. 

The  progress  of  the  disease  is  not  rapid,  and  the  breaking  down 
and  enlargement  df  the  wound  and  tlic  fomiation  of  sinuses  burrowing 
ill  dilTereat  directions  may  be  an  affair  of  se\cral  weeks.     In  this  way 
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unchanged  in  appearance,  and  one  i-s  of^cn  surprised  to  find  them 
deeply  undermined  witli  gangrenous  pockets. 

The  progress  of  the  disease  is  not  rapid,  and  the  breaking  down 
and  enlargement  of  the  wound  and  the  formation  of  sinuses  burrowing' 
in  diflefL-iit  directions  may  be  an  affair  of  several  weeks.  In  this  way 
an  amputation-stump  may  become  fairly  riddled  with  pockets  and 
sinuses  extending  up  between  the  muscles  or  beneath  a  fascia.  The 
different  phases  of  phagedena  arc  well  portrayed  by  this  tj'pe  of  gan- 
grene. There  is  not  much  conjilitutional  disturbance  at  first,  but  the 
temperature  shows  marked  fluctuations  corresponding  \*ith  the  local 
spread  of  the  infection.  In  a  prolonged  case  of  several  weeks  there  is 
a  corresponding  amount  of  septic  fever,  which,  although  it  does  not 
develop  into  a  true  septicemia,  tells  more  or  less  severely  upon  the 
patient  and  causes  emaciation  and  prostration. 

The  ptilpy  form  Is  the  most  acute  and  grave  type  of  the  disease. 
The  local  reaction  is  vcrj'  pronounced,  and  it  is  evident  from  the  first 
that  a  most  virulent  infection  has  occurred.  The  integuments  of  tlic 
wound  are  swollen  an<i  tender,  and  a  thin  gleety  discharge  oozes  from 
between  its  lips.  The  inner  surface  of  the  wounti  becomes  edematous 
and  sphacelated,  and  the  tissues  are  extravasated  with  numerous  small 
crtusions  of  blood.  The  surface  is  soon  changed  to  a  dirty-gra\'  or 
greenish  mass  of  putrefying  tissue.  The  secretion  from  the  wound 
becomes  enormous,  and  has  u  characteristic  fetid  odor.  Tlie  edges  of 
the  wound  become  everted,  and  the  spi.nigy  muss  of  putrefying  tissue 
wells  up  between  them.  The  ciiges  t)f  the  white  skin  markcil  with  blue 
veins  arc  a  deep  red  and  oxtromeiy  sensitive.  These  changes  take  place 
very  rapidly,  and  a  wound  may  increase  to  four  times  its  size  in  from 
twenty-four  to  forty-eight  hours,  In  the  meantime,  the  system  begins 
to  sympathize,  and  true  septicemia  may  be  developed,  which  may 
carry  the  patient  off  As  the  infection  advances,  no  tissues  arc  spared: 
the  muscles  are  laid  bare  and  the  nerves  are  dissected.  Tlic  fascia;  arc 
more  resistant  Articulations  may  be  laid  upcn.  and  even  the  bones 
may  not  escape  necrosis.  The  great  .'iwelling  which  takes  place  is 
often  deceptive  as  to  the  amount  of  tissue  which  has  been  lost.  This 
is  obvious  after  the  sloughs  luive  separated  and  the  coverings  of  the 
wound  contract.  Although  septicemic,  the  |xitients  arc  fully  alive  to 
the  sensitiveness  of  the  «ound,  which  at  times  appears  to  be  h)pcres- 
thetic.  The  pain  attending  the  dressing  of  wotuids  in  some  cases  is  so 
great  that  few  men  posses.s  the  fortitude  to  go  through  the  onleal. 
Secondary  hemorrhage  is  a  not  infrequent  complication  of  this  type 
of  gimgrcne.  Ligatirrc  of  the  artery  at  the  point  of  election  may 
be  followed  by  gangrene  of  the  new  \vound  and  a  later  hemorrhage 
from  this  point.  I'*r>'sipclas  is  also  an  occasional  complication  of  the 
disease. 

Diagnosis. — There  is  occasionally  some  difficulty  in  recognizing 
the  disease  in  its  early  stages.  Mechanical  or  chemical  irritation  may 
produce  changes  in  the  appearance  of  the  granulation.  This  niay 
result  from  irritating  dressings  or  from  the  presence  of  a  foreign  body 
in  the  recesses  of  the  \vovind  or  sinus.  In  aged  patients  a  superficial 
slough  will  often  form  on  the  surface  of  a  rind  caused  by  the  coagula- 
tion of  the  slowly   secreted   exudation.     Occasionally  bed-sores  will 
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counterfeit  closely  the  appearance  of  this  disease,  both  in  the  slough- 
ing  character  of  its  surface  and  in  the  rapidity  with  which  it  grows. 

Prognosis. — The  prognosis  of  the  disease  is  very  variable.  Iso- 
lated cases  are  usually  of  a  subacute  or  chronic  type ;  it  is  only  in  epi- 
demics under  unusually  unfavorable  conditions  that  the  malignant 
types  of  the  disease  are  observed.  In  the  "  Surgical  History  of  the 
War  of  the  Rebellion,"  the  number  of  cases  of  hospital  gangrene  re- 
corded was  2642.  Of  these  cases,  1 142  were  fatal,  making  a  mortality 
of  45.6  per  cent.  In  one  of  the  more  recent  epidemics  which  occurred 
in  the  barracks  at  Berlin,  the  mortality  was  only  6  per  cent. 

Tteatment. — In  order  that  local  treatment  may  be  of  any  avail, 
the  agent  employed  should  be  brought  directly  in  contact  with  the 
freshly  diseased  tissue.  The  dead  tissue  on  the  surface  must  then  be 
cut  away,  and  all  sinuses  must  be  relentlessly  laid  open,  so  that  every 
particle  of  infected  tissue  may  be  subjected  to  the  action  of  the  anti- 
septic drug.  The  actual  cautery  has  always  been  a  popular  mode  of 
treatment.  It  is  said  to  be  less  painful  than  applications  of  perchlorid 
of  iron.  Cold  applications  applied  subsequently  relieve  the  pain.  An 
antiseptic  poultice  (p.  72)  alternating  with  an  antiseptic  bath  would  favor 
the  separation  of  the  sloughs  and  prevent  relapse.  Nitric  acid  in  full 
strength  was  used  by  Southern  surgeons  during  the  Civil  War.  "  The 
acid  should  not  merely  coagulate  and  alter  completely  the  gangrenous 
matters,  but  also  come  in  contact  with  the  sound  parts  "  (Jones).  For 
.such  severe  measures  the  patient  should  be  placed  under  the  influence 
of  an  anesthetic. 

Keen  used  acid  nitrate  of  mercury,  preferring  it  to  nitric  acid,  as  it  caused  less  pajn  and 
saved  time  by  enabling  the  surgeon  to  dispense  with  an  anesthetic.  The  slough  also  sepa- 
rated more  quickly.  Goldsmith  advocated  strongly  the  application  of  pure  or  fuming 
bromin.  It  spreads  readily  in  all  directions,  and  its  action  is  almost  instantaneous.  In 
milder  cases  an  acid  wash  containing  hydrochloric  acid  was  used  for  many  years  at  the 
Massachusetts  General  Hospital.     It  can  be  applied  on  gauze. 

R   Potass,  chlor.,  l^s&  (l6  gm.)  ; 

Acid,  hydrochlor.,  g]  (3.75  c.c. ). 
Misce  et  adde 

Aqu.-e,  gviij  (236  c.c). 

Most  of  these  remedies  would  be  abandoned  at  the  present  time 
for  modern  antiseptics.  It  would  be  necessary,  however,  to  curet  and 
cut  away  all  gangrenous  tissue  with  the  same  care  as  was  employed 
formerly.  Hydrogen  peroxid  would  be  eminently  useful  in  aiding  in 
the  destruction  of  the  dead  organic  matter.  It  could  be  followed  by 
an  application  of  carbolic  acid,  i  :  20  or  1  :  40.  All  recesses  of  the 
wound  should  then  be  stuffed  with  iodoform  gauze.  An  amputation 
for  hospital  gangrene  of  a  stump  was  successfully  performed  by  a 
German  surgeon  in  1870.  The  antiseptic  agent  used  was  "phenyl 
water." 

All  cases  should  be  immediately  isolated,  and  the  ward  in  which 
the  case  occurred  should  be  thoroughly  cleansed  and  disinfected.  A 
chronic  case  which  has  obstinately  resisted  local  treatment  will  often 
improve  rapidly  after  a  complete  change  of  room,  of  bedding,  and  of 
clothing. 
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TETANUS. 
The  name  is  clcnved  from  ziii.ztv,  to  stretch.  Tetanus  is  an  in- 
fectious disease,  traiiiiiiitic  in  origin,  characterized  by  painful  tonic 
contraction  of  the  muscles,  beginning  with  those  of  the  jaw  or  the 
neck,  and  affecting  progressively  the  muscles  of  the  trunk  and  limbs. 
It  is  accompanied  by  convulsive  paroxysms  and  an  irritation  or  inflam- 
mation of  the  nerve-centers  in  the  upper  portion  of  the  cord.  It  is  due 
to  the  presence  of  a  bacterial  virus  in  the  blood  and  tissues. 

The  Bacillus  1cT«n!  was  diworercd  in  1S85,  Tl  i$  a  lotiR.  slender  rod.  in  one  end  of 
which  a  spore  forms.  di*1cnding  thr  cell  inton  "druntuick"  ^a[H^  (m^c  (."hapl«r  I.  Mg.  4). 
It  ii  one  of  the  most  marked  [ypes  of  onaCrobic  bacleria.  Thr  oi^aniMn  \%  fniind  prlncipatly 
in  the  tisfuet  near  the  wmnd  of  calmtKt',  but  it  has  not  hc«u  ^uiisfactorily  demonstialcd  in 
either  the  blom),  the  internal  organs,  ot  the  ceniral  nervous  sj-stctn.  li  \^  o<Mimfd  that  the 
orpiDtiins  DUnufm<^u>rtr  nt  the  [>niT)C  of  eiitiance,  or  that  there  I»  introduced  with  them,  an 
extrvinely  active  poison  which  diiseininates  iLM-lf  thronghnui  the  h<Hiy.  Tlie  n-laiion  of  the 
toxin  to  the  organisni  and  to  the  system  in  letnnus  t»,  accordiiif;  lo  the  latest  authuritics.  not 
yet  clear.'  The  tetanuN  bacilli  are  found  in  large  numben  in  tlir  soil,  particularly  ingnidrn 
•oil,  in  the  dust  and  »wccpinn»  nf  mir  strccu  and  dwe11inf[<t,  in  cnimbling  tnaroniy,  in  pntre- 
fyiog  lluids,  and  in  manure.  Tlieir  prckciiLv  in  lhe*e  h>calitir»  i».  hnwrver,  always  uncer- 
tain.  It  often  hn;>pens  that  paniiriilBr  (geographical  refcions  are  favored  by  its  presence.  U 
i*  only  by  c»j»crimental  tnoculatiuii!>  that  it*  prewrtice  can  delinilely  be  c»labli»hcd  m  any 
lutalily.  Owing  to  tlic  anaJ^rubic  nature  of  ilic  oTKanism,  the  bacilli  are  unable  to  |;n>W 
Upon  small  and  niperficial  wounds,  except  in  rare  instances.  I*uncnircd  wouodi  lodge  the 
oflEiioisim  deep  in  the  tissue,  a  soil  belter  titted  for  their  gmwth. 

KtiolO£ry> — Among  the  predisposing  causes  of  tetanus  may  be 
mentioned  age.  It  is  peculiarly  fatal  to  children  under  ten  years  of 
age.  The  disease  is  .said  to  be  rare  in  later  life.  Meteorological 
changes  have  been  said  to  favor  tetanus.  Certain  changes  of  weather 
after  battles  have  been  repeatedly  noticed  as  preceding  epidemics  of 
tetanus.  In  tropical  countries  the  disease  appears  to  be  much  more 
common.  The  gravity  of  the  wound  does  not  appear  to  have  any 
influence  upon  the  severity  of  the  disease. 

All  cases  of  tetanus  arc  traumatic  in  origin — that  is,  it  is  highly 
probable  that  the  poison  is  introduced  tlirough  some  wound,  however 
shght,  whether  of  the  skin  or  mucous  membrane.  The  old  term 
"  idiopathic  tetanus "  had  better  be  abandoned.  The  term  seems. 
however,  to  show  that  many  cases  nf  tetanus  do  occur  when  there  Is 
no  appreciable  wound.  Cases  of  tetanus  following  simple  fracture 
have  been  reported;  also  infection  througli  so  slight  an  injury  as  a 
hang-nail. 

Varietiea. — Tetanus  is  divided  into  acute  and  chronic  forms,  the 
former  being  almost  invariably  fatal,  and  cure  often  occurring  in  the 
latter  variety.  Puerperal  tetanus  and  trismus  nascentium  are  varieties 
usually  considered  as  a  group  b\'  themselves,  but  the>'  are  in  reality 
not  distinguished  etiologically  from  traumatic  tetanus.  Ilcad-tctanus 
or  tetanus  hydrophobicus  presents  certain  clinical  peculiarities  which 
justify  placing  it  in  a  class  by  itself. 

Acute  tetanus  usually  has  a  period  of  incubation  of  about  one 
week.  The  first  symptom  is  a  stiffness  of  the  muscles  of  the  neck, 
coming  on  in  the  morning  after  a  comfortable  night's  rest.  It  is 
usually  attributed  to  a  cold,  but  during  the  day  the  stiffness  extends 

'  Rose,  in  his  exhaa$tive  work,  '•  Der  Siarricrainpf  be!  Menwhen,"  1897.  pronounces  it 
■o  utuolvcd  nddlc. 
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to  the  muscles  of  the  jaw,  making  it  difficult  for  the  patient  to  open 
his  mouth.  There  is  as  yet  no  discomfort,  but  the  contractions  soon 
become  painful,  and  owing  to  their  power  and  frequency  it  becomes 
difficult  even  to  swallow  liquids.  The  masseters  are  now  felt  in  a 
state  of  rigid  contraction  as  hard  as  iron,  and  with  well-marked  bor- 
ders. The  muscles  of  the  back  of  the  neck  are  next  involved,  and  the 
head  is  thrown  backward  by  their  contraction.  Before  the  close  of 
the  day  all  the  muscles  of  the  back  arc  affected,  producing  opisthot- 
onos. If  the  hand  is  now  passed  down  to  the  abdomen^  the  parietes 
are  felt  as  firm  and  rigid  as  a  metal  plate.  There  is  already  retention 
of  urine,  which  when  drawn  off  with  the  catheter  appears  to  be  abun- 
dant and  of  a  normal  color.  The  muscular  spasm,  at  first  clonic,  be- 
comes now  continuous  or  tonic.  Attempts  to  swallow  cause  pain  and 
distress.  After  a  sleepless  night  the  patient  is  found  the  next  morning 
well  advanced  in  the  stage  of  full  development  of  the  di-sease.  The 
locking  of  the  jaws  is  as  complete  as  before,  and  nearly  all  the  volun- 
tary muscles  of  the  body  except  those  of  the  upper  extremities  are 
involved.  The  arms  may  also  be  involved,  but  only  to  a  partial  ex- 
tent. The  lower  extremities  are  rigidly  extended.  The  muscles  of 
the  face  are  affected ;  the  eyelids  are  seamed,  the  nostrils  and  the 
mouth  are  puckered  in  a  peculiar  way,  while  its  comers  are  drawn 
back  by  a  contraction  of  the  checks.  The  eyes  arc  drawn  in  and 
partly  closed,  and  occasionally  there  is  strabismus  (Risus  sardonicus). 
The  patient  is  now  extremely  sensitive  to  disturbance  of  any  kind ; 
attempts  to  move  him  in  bed.  to  administer  nourishment,  or  to  pass 
the  catheter  bring  on  a  paroxysm  of  convulsive  action  of  the  most 
painful  character.  The  violence  of  muscular  contraction  has  even  been 
sufficient  to  produce  rupture  of  the  muscle. 

Meanwhile  the  patient  lies  as  still  as  pos.sible,  usually  upon  his  side, 
with  his  head  drawn  rigidly  backward  and  with  a  deep  hollow  in  the 
curve  of  the  spine.  His  mind  is  perfectly  clear,  but  the  rigidity  of  the 
muscles  of  the  jaws  and  checks  docs  not  enable  him  to  articulate 
clearly.  The  spasm  of  the  sphincters  renders  voluntary  evacuations 
of  the  bowels  or  the  bladder  vcr}'  difficult. 

During  the  height  of  the  disease — that  is,  on  the  third  or  fourth 
day,  exhaustion  becomes  marked  from  loss  of  nourishment  and  sleep. 
Short  periods  of  sleep  may  be  obtained  by  drugs,  during  which  there 
is  some  relaxation  of  the  muscular  spasm  ;  but  no  complete  remission 
ever  occurs,  and  the  patient  is  soon  startled  out  of  a  disturbed  slumber 
by  renewed  convulsive  movements.  There  is  usually  little  fever ;  the 
temperature-curve  is  in  no  way  characteristic  in  this  disease,  but  as 
death  approaches,  and  even  post  mortem,  there  may  be  hyperpyrexia. 
There  is  occasionally  found  after  each  convulsion  a  tendency  to  free 
perspiration,  which  may  become  quite  a  characteristic  feature  of  the 
case.  It  acts  probably  as  a  means  of  dissipating  the  heat  produced  by 
the  active  and  extensive  innervation  of  the  muscular  fibers. 

In  the  last  stages  of  the  di.sea.se  the  mind  continues  clear,  delirium 
is  extremely  rare,  and  the  patient  is  fully  sensible  of  the  agonizing 
spasm  to  which  the  slightest  noise  or  disturbance  in  the  sick-room 
gives  rise.  In  tropical  climates  the  disease  may  run  a  still  more  acute 
course,  death  supervening  a  iiiw  hours  after  the  onset  of  the  attack. 
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In  chronic  tetanus  the  [>eriotI  of  hiculiation  is  longer,  the  first 
symptoms  making  thfir  appearance  durin;^  the  third  week.  The  order 
in  which  the  muscular  system  is  involved  is  the  same  as  in  acute  teta- 
nus, and  the  spasms  may  be  of  great  severity,  but  there  are  jHrriods 
during  which  the  patient  experiences  relief  from  muscular  contrac- 
tions. These  jx-riods  gradually  become  longer,  and  soon  an  entire 
day  may  pass  wiiliout  a  relapse.  There  is  great  prostration,  partic- 
ularly when  the  disease  is  prolonged  by  frecjticnt  relapses.  Cast-s  of 
six  weeks*  antl  of  two  months'  duration  are  occasinnally  seen,  Yan- 
dell  reports  one  case  in  which  the  duration  of  symptoms  was  two 
hundred  and  forty  days. 

Mead-tetanus  or  tetanus  hydropliohlcus  occurs  after  injuries  in 
the  region  of  distrihulioii  of  any  nf  ilie  twelve  cranial  nerves;  conse- 
quently it  is  chiefly  confined  to  the  heail.  !l  is  cliaracterized  by  spasm 
of  the  pharyngeal  muscles  and  paralysis  of  the  facial  nerve,  as  well  as 
trisniu,s,  and  occasionally  by  tetanic  contraction  of  the  muscles  of  the 
neck  and  abdomen.  Rose  explains  the  paralysis  of  the  facial  ner\*e 
by  compression  in  the  petrous  portion  of  the  temporal  bone,  due  to 
swelling  of  the  nerve.  According  to  Hujiner,  the  reported  symptom 
of  facial  ]>aralysi.s  is  due  to  an  error  of  observalioii. 

Cephalic  tclanus  occurs  usually  after  a  wound  in  the  face,  such  as 
may  result  from  a  blow  from  a  whip-stock  or  tlu:  fist  in  a  street-brawl. 
The  paralysis  of  the  facial  nenx  almost  always  occurs  on  the  same 
side  as  that  in  which  the  injurj'  is  received.  There  is  usually 
marked  paralysis  of  the  lower  lid  on  that  side.  A  marked  feature 
of  this  form  of  tetanus  is  the  difficulty  in  swallowing,  which  symp- 
tom has  given  rise  to  the  term  tetanus  hydropholtu-us.  This  symptom, 
however,  is  not  always  present.  Head-tetanus  is  not  always  fatal. 
In  a  collection  of  24  crises  of  head-tetanus,  7  recovered,  and  of 
these  6  were  cases  of  chronic  tetanus. 

Pathological  Anatomy. — There  is  little  change  in  the  appear* 
ance  of  the  wound.  (Jcc;isionally  there  is  a  slight  blush  about  its 
edges,  and  sometimes  there  are  evidences  of  lymphangitis.  Wounds 
of  the  extremities  are  more  likely  to  be  followed  by  tetanus  than 
wounds  in  other  regions,  probably  because  they  arc  exposed  to  punct- 
ured wounds,  the  foreign  body  ciirrying  in  with  it  diil  which  may  con- 
tain the  nrtis.  A  rusty  nail  thrust  into  the  sole  of  the  foot  is  a  not 
infrequent  cause  of  the  disease ;  the  organisms  are  thus  carried  deeply 
into  the  tissues,  and  have  an  opportunit>*  to  <levelop  there  undisturlK'd 
by  oxygen  or  suppuration.  There  is  sufficient  evidence  to  show  that 
the  virus  acts  with  more  or  less  pnwer  chiefly  upon  the  nervous  centers 
of  the  cord  and  medulla,  but  the  data  do  not  yet  seem  to  be  sufficient 
to  establish  the  fact  of  multiple  neuritis  or  irritation  of  the  trunks  or 
branches  of  the  nerves  over  and  above  that  nf  otlier  tissues  to  which 
the  virus  may  be  conve\'ed.  Kvidenccs  of  inflamm.ition  of  the  brain 
and  meninges  are  wanting,  but  a  number  of  observations  point  to 
innammation  in  the  upper  portions  of  the  cord. 

Diagnosis. — The  disease  is  not  difficult  to  recognize  in  the  fully- 
developed  stage,  but  in  the  nature  of  the  early  symptoms  there  may 
be  some  doubt.  Stiffness  of  the  jaws  may  be  due  to  inflammatory 
affections  of  the  mouth  or  the  teeth,  or  to  abscess  of  the  cervical 
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glands,  and  also  to  rheumatic  affection  of  the  temporomaxillary  artic- 
ulation. Occasionally  a  hysterical  contraction  of  the  muscles  of  the 
jaw  may  occur. 

The  question  of  death  by  tetanus  or  by  strychnin  has  been  raised 
in  medico-legal  cases.  In  strychnin  poisoning  there  is  usually  no  lock- 
jaw ;  there  is  hyperesthesia  of  the  retina,  and  objects  seen  are  colored 
green.  During  a  paroxysm  the  mouth  foams  and  the  teeth  lacerate 
the  tongue.  There  is  also  spasm  of  the  muscle  of  the  limbs  and  trunk. 
The  occurrence  of  muscular  spasm  is  irregular,  and  depends  upon  the 
frequency  and  size  of  the  dose.  Tetany  affects  chiefly  young  per- 
sons, and  consists  in  tonic  spasms  of  various  groups  of  muscles, 
most  frequently  those  of  the  upper  extremities.  The  attacks  are 
short  and  more  or  less  locaHzed,  and  Trousseau's  symptom,  seen  in 
no  other  convulsive  disease,  is  always  present.  This  symptom  con- 
sists in  the  peculiarity  that  pressure  upon  the  nerve-trunk  leading 
to  the  group  of  mu.scles  affected  always  brings  on  a  characteristic 
attack. 

Hydrophobia  is  said  to  resemble  tetanus  owing  to  the  difficulty  of 
swallowing  in  the  two  diseases.  There  is,  however,  no  convulsion  in 
hydrophobia.  The  hydrophobic  paroxysm  is  due  to  an  inhibition  of 
the  respiratory  nerve-center  and  the  natural  movements  of  distress 
which  this  calls  forth.  The  clinical  pictures  of  the  two  diseases  pre- 
sent striking  contrasts  to  one  who  has  seen  them  both. 

Prognosis. — Acute  tetanus  is  one  of  the  most  fatal  of  diseases. 
In  chronic  tetanus  the  percentage  of  mortality  is  very  much  lower. 
According  to  Hippocrates,  the  patient  dies  on  the  third,  the  fifth,  the 
seventh,  or  the  fourteenth  day ;  if  he  survive  this  period  he  recovers. 
According  to  the  tables  of  the  "  Surgical  History  of  the  War  of  the 
Rebellion,"  of  337  deaths,  287  occurred  during  the  first  week  of  the 
disease;  and  of  those  occurring  on  the  eighth  day  there  were  but  7 
deaths.  In  Yandell's  415  cases,  there  is  a  marked  falling-off  of  deaths 
on  the  fifth  day,  when  there  were  but  1 1  deaths,  from  which  time  the 
percentage  steadily  diminished.  Rose  states  the  mortality  of  early 
cases  as  91  per  cent.,  and  that  of  late  cases  as  48  per  cent. 

Treatment. — Among  the  internal  remedies  which  have  enjoyed  a 
more  than  usual  reputation  may  be  mentioned  Calabar  bean,  chloral, 
cannabis  Indica,  curare,  amyl  nitrite,  quinin  and  opium.  Yandell 
places  chloroform  at  the  head  of  the  list  in  cases  of  acute  tetanus,  but 
also  makes  the  significant  statement  that  when  tetanus  continues  four- 
teen days  recovery  is  the  rule  and  death  the  exception,  apparently 
independent  of  the  treatment. 

Calabar  bean,  when  given  in  small  doses,  relieves  the  muscular 
contraction.  Poncet  advises  from  i  to  ij  gr.  (0.065  to  o.i  gm.)  of  the 
extract  given  every  four  hours,  or  from  15  to  20  drops  (0.92  to  1.25  c.c.) 
of  a  I  per  cent,  solution  may  be  injected  subcutaneously. 

Chloral  seems  to  be  most  efficacious  in  chronic  tetanus ;  it  relieves 
pain  and  prevents  spreading  of  the  muscular  spasm  and  recurrence  of 
the  convulsions.  It  appears  to  act  by  diminishing  the  reflex  excita- 
bility of  the  nerve-centers.  In  large  doses  (from  100  to  200  gr.  (6.5  to 
13  gm.)  a  day)  chloral  will  relieve  muscular  spasm  in  acute  tetanus, 
but  it  does  not  appear  to  have  any  appreciable  effect  upon  the  mor- 


TETA.VUS. 


187 


tality.  Chloroform  may  be  administered  by  inhalation.  Its  action 
is  decidedly  sedative,  but  not  so  enduring  as  that  of  chloral. 

Opium  docs  not  appear  to  enjoy  the  popularity  of  chloral  and 
chloroform.  Large  doses  are  required,  and  the  digestive  disturbance 
caused  by  the  drug  is  a  contraindication  to  its  use, 

Bromid  of  potassium  may  be  used  in. connection  with  chloral,  or  in 
the  convalescent  .stage  as  a  substitute  for  that  drug,  but  it  is  altogether 
loo  mild  a  remedy  to  produce  any  appreciable  effect  in  the  more  active 
stages  of  the  disease. 

The  great  "  sweating,"  which  is  so  characteristic  a  symptom  of 
tetanus,  has  suggested  the  use  of  warm  baths  and  of  other  diaphoretics 
as  a  means  of  imitating  nature's  method  of  relief.  It  is  jxissible  that 
some  of  the  toxins  may  be  eliminated  in  this  way. 

So  far  as  local  treatment  ts  concerned,  It  is  important  to  mention 
Uiat  the  bacilli,  being  anaerobic,  lie  deep  if  in  a  state  of  activity.  Punc- 
tured wounds  should  be  thoroughly  laid  open  and  disinfected.  A  free 
discharge  from  the  wound  should  be  favored.  It  is  prokible  that  the 
old-fashioned  flaxseed  poultice  has  warded  off  tetanus  in  former  times 
by  inducing  suppuration  in  the  wound.  A  dr\*  diessing  which  seals 
up  a  small  opening  is  a  source  of  danger.  The  most  careful  antisepsis 
and  asepsis  do  not  always  prevent  the  occurrence  of  tetanus.  Accord- 
;ing  to  Rose,  no  treatment  of  the  disease  i.s  of  so  much  value  as  the 
local  treatment.  This  is  shown  both  by  experiment  and  by  clinical 
experience.  It  destroy.s  the  bacilli  and  prevents  the  renewal  of  their 
toxic  products. 

Sernm- therapy. — Both  Kitasato  and  Behring  contributed  largely 
to  the  introduction  of  a  serum.  They  produced  immunity  in  certain 
aniniala  by  the  injection  of  cultures  of  the  tetanus  bacillus,  whose 
activity  had  been  partially  destroyed  by  the  addition  of  trichlorid  of 
iodin.  The  serum  of  animals  thus  rendered  immune  could  be  used  on 
other  aninKds  as  a  protective  or  curative  agent.  The  exact  nature  of 
the  immunizing  substance  is  unknown,  but  has  been  called  "  Anti- 
tctanin."  It  was  found  that  mice  inoculated  with  fragments  of  tissue 
containing  tetanus  spores  could  not  be  saved  even  by  the  use  of  50,000 
times  the  ordinary  imniunizing  dose.  This  woulii  seem  to  show  that 
a  great  deal  depentls  upon  whether  we  have  to  deal  with  the  toxins  or 
the  micro-organisms  themselves  in  a  given  case. 

The  mortaliiy  of  Ictinus  under  diffcrcni  tnelhmtii  of  Itralinenl  m  wry  tlifficull  lo  deter- 
inioe.  The  mpiility  of  i3n»cl  after  iiiocuiatinii  »,n<\  the  TOiiidily  nf  i)roirr«'ts  and  scvcrtir  cA 
lympiatiis  voft  witlclv  in  drfi^rcnt  casp^  and  no  mcafure  fur  cimi^iu'iK)!)  has  yet  beeu  distxiv- 
tttA-  The  *uti»l)Ci  before  ihc  inu-xluction  uf  ihe  scnim  tr^ninKnt  vnried  from  40  to  «*  high 
*t  90  jwr  c«nl.  iiiurlaiiiy  ;  and  wtien  dividtrd  into  cafly  and  Ule  oixi,  avetngcd  about  to 
y*r  C*nt.  for  th«  cirly  and  40  t>er  i-f  nt.  for  the  \axe  ciuei.  or  to  per  cent,  for  all  coses.  The 
report  of  !iu«reMfiil  case*  rather  than  fatnlities  makes  the  tiu«  estimate  of  any  n«w  method 
of  tremmpnt  difficuir  ;  hut,  <m  the  other  hnrMi,  the  cam^  which  hnve  been  eon^idercd  suitable 
few  llie  Mrum  trcBtmcnt  up  to  the  pre»eol  lime  have  been  the  mote  wrcre  ones  ""d  this  fact 
gori  10  uffsei,  to  a  ccrlnin  cicirnt,  the  error  in  ihe  uiher  dirvctii'tn.  Mu^chcowilz  coltctied 
33$  CMC*  of  tetanus  lieaicd  with  >cnim  i  tooo),  with  a  mon&lily  of  42  per  cent.,  and  con- 
cfudrt  fnMD  this  thai  the  scrum  itraimirni  hnK  been  of  oons|)icuaHS  benefit. 

Tetanus  antitoxin  is  generally  obtained  from  the  serum  of  a  horse 
rendered  immune  by  iitcreasing  doses  of  tetanus  toxin.  Horse-serum 
becomes  thus  antitoxic  after  two  or  three  months  of  such  increasing 
toxin  injections.    Tetanus  antitoxin  is  usually  employed  as*  a  blood- 
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scrum.     A  (Xxy  powder  or  scales  arc  sometimes  used.    This  is  pre*" 
pared  by  cvapurattiig  tlic  striiin  lo  dryness  over  suIplHiric  acid.     One 
gram  of  the   powder  Is  eiiual    to    lO  c.c.  of  tlie  tiriginal  scrum.      The 
Scrum   may  be  precipiLaled  with  alcoliol.     The  dried  precipitate  thus 
obtained  is  the  material  used  by  Tlzzoni. 

lh)se  of  the  Scrum. — This  is  based  upon  the  immunizing  power, 
which  should  be  in  the  proportion  of  i :  i  ,000,000.  One  cubic  centi- 
meter of  serum  sliould  be  a  sufficient  dose  to  protect  I.OOO.OOO  grams 
of  guinea-pig.  or  jooo  yuinea-pigs  each  ueigliirig  500  grams,  from  the 
minimum  fatal  dose  of  tetanus  toxin  when  injected  eight  to  twelve 
hours  afterward.  The  dose  varies  according  to  the  weight  of  the 
individual,  and  also  according  to  its  use  as  a  prophylactic  or  curative 
agent. 

The  curative  treatment,  as  regards  the  amount  and  frequencj'  of 
injections,  is  based  upon  the  urgency  of  the  symptoms  and  the  subse- 
quent improvement.  The  shorter  the  period  of  incubation  and  the 
more  acute  the  case  the  larger  the  dose.  It  should  always  be  given 
as  early  as  possible. 

Many  of  ific  tcmin  preparations  fin!  piii  upon  tltc  tnnrltri  were  too  we«lt  in  antitoxia 
lo  be  l'Bl'CIivc,  but  itie  uuiiy  |>iik1iii:Is  now  avaiUtile  uti;,  an  a  rule,  iniire  oiiicni Intnl.  Tbe 
Slreuglh  it)  inimiiriiiiiif;  power.  h'iwr%Tr,  i»  not  unilomi,  iind  no  detinittr  double  can  b^  laid 
duwn.  UeliriK);  cou>idcrn  a.  J<j.«c  uf  %QO  uiiitA  CMentud  wlieil  udtuHii<-lcrci)  l))~  Mibculaacous 
injrdion  ;  and  of  a  .scruin  of  i  unit  to  the  cubic  centimeter,  50a  c  c.  would  ihua  be  rc- 
quiied  fin  live  initial  doie  -,  Icr  »  jitDpliytitctiv  dose,  200  unil>  W(iul<I  be  Hitliciciit,  accordioK 
U>  this  cslitnate;  and  it  mny  be  said  iliat  the  use  of  the  ^cnim  ia  tliis  manner,  in  case.''  where 
a  po!<5)bIe  infection  with  tctdiiu.<>  13  UhixkA,  is  coming  (o  be  recognized  w  «  most  reasonable 
pnKe^urt:.  Unicaria  niid  liunMciil  eryllieiiial<>u&  erti[)iit)ii.s  [ulluw  frequently  n]K>ii  llie  sd- 
miniMrsium  of  ilie  Kenim,  but  no  »crioiii(  n^Milts  need  be  fcaied  when  trie  of>enition  is  per- 
formed with  |iiu|ii-r  u.%einie  [irrcaulum.s.  InjfLliutia  of  wram  arc  ordinnrily  made  under  the 
skin  of  the  al>d<>nteii,  IwcL,  or  thJuh.  When  n  more  imine<liate  eflfcct  i»  de»irc<l,  llie  »cntra 
mav  be  intiuduccU  directly  into  n  vein,  and  iIiuk  Ijc  made  lo  pa«»  more  rapidly  into  llie  geo- 
era!  circulalion.  InimcniniAl  injection  of  the  M^nim  has  been  perfonncd  in  a  ninnber  of 
ca^a,  and  with  Miliifacloty  n.-iullj>.  rhi»  prucnlure  i<>  hvxA  on  the  e\i>enmcnl%  of  Koux 
and  Borrel,  who  found  that  the  cure  of  letnniied  AninmUwos  posiiiide  wilh  vcrj'  »mall  diMcs 
of  antitoxin  when  the  xcnini  was  introduced  directly  into  the  substance  ot  the  bciin.  Tbe 
o;>cralion  cnniiiats  of  llic  removal  of  a  mi.ill  piece  of  bone  frnin  the  frontal  region,  on  one  or 
both  wden,  by  iiMrnn«  of  the  Irephinc  ;  5  to  7  cc.  of  a  Loncrnt rated  wruni  arc  tliCD  injevte^ 
very  »lowly  into  the  fiontid  region  of  each  bemiNphere.  Tlie  tienini  may  be  inlnxluced 
dircrlly  inln  (he  lalcnti  vcnUides  (Kocher).  or  uieicly  allowed  to  diJTusc  il*clf  under  tlie 
duiu.  'l)ie(i|ieration  ir<  iiol  without  dant>eT,  and  one  laiip  of  l>nun'nbscc-«f  nnd  Dii<of  hcmor- 
rha|{c  have  hcco  reported  ii>  funnivint>  thi<>  tnolhixl  <if  ddiiiiiuvlmiifiii,  hot  thi.'  (ticaicr  eflicacy 
of  llie  >emRi  when  a|>|dic-d  in  thi)^  manner  hcem>  to  l>e  lieyond  c[uc!ition.  I.umbnr  puncture 
and  the  introduclioii  of  scrum  into  the  spinAl  canal  after  the  removal  of  15  or  30  c.c,  o( 
spina!  Iluid  lias  also  been  performed,  hut  the  r(;^ull<  have  not  been  so  sal i id's ctory  as  front 
intracranial  inieciion*  The  inlracranial  injwiion  of  aerum  may  properly  bt  re.wrved  fof 
the  more  rapid  and  acute  ca^es  o(  leunui^,  for  tbe  cnicol  which  subculaneou;.  or  intraveiiuuH 
Injections  hare  proved  not  to  He  iiuffideni.  I'he  serum  ttcnimenl  mu^t  be  supplemented 
by  other  fornis  of  [le.iUncnt,  and  may  be  used  in  connection  ntlli  chloral,  cttIon>fiirm,  car 
bnlic  acid,  and  other  metho  U  of  ircatnieni  foi  tlie  relief  of  the  coiivulMve  symptoms. 

Carbollc-acid  Treatment. — A  form  of  treatment  which  enjo>-s 
popularity  in  Italj',  bin  has  not  met  with  wide  acceptance  elsewhere,  is 
tluit  known  as  "Haccelii's  treatment."  It  consists  in  the  repeated  ad- 
minislratinn  of  carbolic  acid  by  subcutaneous  injection,  with  a  view  to 
tlie  neutralization  and  destruction  of  the  toxins  floating  in  the  general 
circulation.  Doses  o(  lo  to  30  drops  of  a  i  per  cent,  solution  of  car- 
bolic acid  may  be  given  every  three  or  four  hours  over  considerable 
periods  of  time  without  toxic  effects.     The  statistics  of  this  treatment 
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as  compiled  by  AscoH  give  most  gratifying  results.  At  the  hands  of 
other  surgeons  and  in  animal  experiments  the  carbolic-acid  treatment 
has  not  proved  so  effective  as  the  serum  treatment,  and  its  use  may  be 
reser\''ed  for  those  cases  which  do  not  respond  to  the  serum  treatment 
or  when  serum  is  not  obtainable.  The  use  of  the  two  methods  together 
has  been  advised,  and  may  be  recommended  in  the  more  serious  cases. 
There  is  no  disease  in  which  the  comfort  of  the  patient  should  be 
studied  so  carefully.  Before  active  symptoms  have  set  in,  the  patient 
should  be  placed  alone  in  a  room  so  situated  as  to  be  quite  free  from 
disturbance.  Officious  nursing  should  be  avoided.  Nourishment  and 
stimulants  should  be  given  in  a  form  to  sustain  strength  while  produc- 
ing as  little  irritation  to  the  throat  as  possible.  Chloroform  may  be 
given  in  order  to  administer  nourishment  by  the  stomach-tube  if  neces- 
sary (Rose).  Many  acute  cases  may  thus  be  made  chronic.  Ever>' 
day  added  to  the  patient's  life  after  the  first  week  of  the  disease  in- 
creases greatly  his  chances  of  recovery. 


CHAPTER   VIII. 

HYDROPHOBIAj  ANTHRAX;  GLANDERSj  ACTINOMYCO- 
SIS; MADURA-FOOT;  SNAKE-BITE j  INSECT-BITE. 

RABIES. 

Many  synonjnns  for  this  disease  exist ;  of  these,  the  most  impor- 
tant are  Hydrophobia,  Lyssa,  Furor,  Rabies,  Rabidity ;  Wuth  {Ger.) ; 
Rage  {Fr.\ 

Rabies  is  a  disease  of  man  and  certain  other  mammals  which  is 
communicated  from  one  individual  to  another  by  the  infection-bearing 
saliva  through  freshly  infected  wounds. 

The  history  of  the  disease  is  a  long  one,  and,  on  account  of  the 
characteristic  symptomatology,  is  less  complicated  by  confusion  with 
other  maladies  than  is  the  case  with  the  accounts  of  certain  other  dis- 
orders. Hippocrates  did  not  describe  the  disease  in  his  works ;  but 
Aristotle,  a  half-century  later,  recognized  it  in  the  lower  animals. 
Celsus  gave  a  good  account  of  rabies  in  the  first  Christian  century. 

For  centuries,  no  very  essential  progress  in  the  knowledge  of  the 
disease  encouraged  its  observers,  so  that  many  medical  men  began  to 
lose  faith  in  its  existence  as  a  separate  nosological  entity.  Bosquillon 
in  1802  advanced  as  a  positive  belief  the  idea  that  hydrophobia  was  a 
mere  chimera.  Experimental  inoculation  researches  a  few  years  later 
dispelled  this  notion  forever,  and  the  more  recent  extensive  researches 
of  Pasteur  on  its  etiology,  prevention,  and  cure,  have  made  hydropho- 
bia a  comparatively  well-studied  disease. 

DlAtributlotl  and  Frequency* — Since  almo!;t  all  the  mammalian  animals  are  suscep- 
tible to  the  disease  and  can  transmit  it  lo  man,  and  since  man  is  attended  in  all  parts  of  the 
habitable  globe  by  these  animals,  the  disease  is  distributed  over  the  whole  world.  No  land 
is  known  to  be  immune  to  rabies,  since  both  hot  and  cold  climates  have  their  records  of  (he 
disease.  Australia  is  said  to  be  free  of  the  disease,  supposedly  on  account  of  a  six  months' 
quarantine  to  which  all  di^s  are  subjected  before  admission  to  the  island. 

Besides  d<^s,  cats,  wolves,  horses,  swine,  and  cattle,  which  are  the  most  common  agents 
for  the  transmission  of  infection,  foxes,  jackals,  asses  and  mules,  sheep,  rabbits,  and  man 
are  also  responsible.  Dogs,  of  course,  cause  the  disease  most  frequently  ;  but  not  only  on 
account  of  opportunity,  since  the  saliva  of  infected  dogs  is  thought  to  be  usually  more  viru- 
lent than  that  of  other  animals.  Epidemics  of  rabies  arc  usually  traceable  to  one  originally 
infected  animal  which  has  transmitted  the  disease  lo  others.  The  cases  of  so-called  spon- 
taneous  rabies  are  doubtless  due  to  the  original  infection  of  d(^s  or  cats  by  rats  or  other 
animals  living  in  hiding  from  man.  Hoegycs  explains  the  frequency  of  outbreaks  in  summer 
by  the  fact  that  man  is  at  that  sea.son  more  exposed  to  infection  by  an  outdoor  life,  often 
in  close  association  with  the  lower  animals. 

The  number  of  cases  annually  occurring  is  sufficiently  indicated  by  the  fact  that,  between 
the  years  1887  and  1895,  14,296  cases  were  treated  at  the  Pasteur  Institute  in  Paris  ;  while 
in  the  Buda-Pesth  Institute,  from  April  15,  1890,  to  Dec.  31,  1895,  4961  cases  applied  for 
aid,  Of  course,  many  of  the  cases  applying  for  treatment  doul>tless  had  been  bitten  by 
animals  not  actually  rabid ;  hut  even  deducting  these,  the  number  is  large. 

Etiology.— <lpport unity  for  infection,  of  course,  counts  for  much  in  the  causation  of  the 

disease.     Those  individuals  who,  like  farmers  and  laborers,  are  much  in  the  open  air  and 

are  associated  with  the  domesticated  animals  furnish  the  greatest  contingent  of  cases.    Nearly 

twice  as  many  mates  are  infected  as  females,  for  the  same  reason.     Children,  unable  to 
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escape  from  infected  antmftis  or  to  protect  Ihemselm  when  nttacked.  aie  much  more  frc- 
qucnlly  hitien  ihan  ihcrr  dders.  'Yhc  pari  of  the  l>od)-  wounded  is  of  etiolof^ical  im]»ttunce. 
The  limbi  are  prutcclcd  by  tlic  clothing,  wliich  (pnd*  to  prtrveni  deep  bilch  and  Ui  wipe  ojT 
the  virus  fn>Tn  the  tcelh  of  ihc  animal  bi'fnre  they  enter  the  Hesh  of  (he  victim.  Brsidcs  the 
iace  and  nlhet  pirt*  nf  the  head  hriiiu  1iicAl«d  nmrer  lh«  cetiXet*  i>f  (h(^  ncrvnii*  lystein  and 
of  Ihc  circulalion,  afford  belter  opponuuitici>  for  tite  virus  to  reach  the  vital  parU. 

Although  experimental  research  has  not  been  successful  in  cstab- 
lishinj*  definitely  tlie  biolo^'  of  the  infectious  agent  in  rabies,  it  has 
done  much  to  detertiiine  tlie  conditions  under  which  infection  takes 
place,  the  life  hisiory  of  the  disease,  and  above  all  it  has  demnnst rated, 
through  the  brilliiint  researches  of  Fasleur  and  his  pupils,  the  fact  that 
an  immunity  against  the  disease  maj-  be  established  and.  as  we  shall 
sec,  may  be  utilized  in  the  practical  treatment  of  the  disease.  Before 
Pasteur's  time,  it  had  been  shown  by  several  investigators  that  the  dis- 
ease is  really  transmitted  by  tlie  infected  saliva.  Galtier  in  1S79  pub- 
lished the  results  of  experimental  studies  proWng  that  the  disease  as  it 
occurs  in  dogs  may  be  transniilted  to  nibbits,  afTording  a  ready  means 
of  determining  the  virulence  of  the  saliva  obtained  from  dugs  suspected 
of  rabies,  especially  as  the  period  of  incubation  in  rabbits  is  much 
shorter  than  in  dogs.  It  was  Pasteur,  however,  who  showed  that  the 
virus  of  rabies  exists  in  the  central  ner\'ou5  system  and  is  most  concen- 
trated ill  the  medulla  oblon^jata.  The  inference  was  quickly  drawn  by 
Pasteur  that  the  inoculation  of  tlie  vims  into  the  central  nervous  system 
would  be  more  rapidly  and  certainly  followed  by  the  disease  than  if  the 
subcutaneous  method  were  employed.  Thus  was  found  a  ready  and 
sure  means  of  producing  the  disease,  in  almost  evcr>*  case,  by  injecting 
the  triturated  spinal  cords  or  medullas  of  infected  animals  into  the  .sub- 
dural spaces  of  other  animals  susceptible  to  the  di.sease.  Intraocular 
injectjons  are  almost  as  certain  in  their  results.  Applying  the  injected 
matter  directly  beneath  the  sheaths  of  the  principal  nerve-trunks  is  a 
valuable  experimental  method.  When  the  infectious  matter  is  intro- 
duced into  the  subcutaneous  tissue,  it  is  carried  ccntripctally  to  the 
central  ner\''ous  system  along  the  ner\'c -sheaths.  Having  reached  the 
central  nervous  system,  it  is  then  redistributed  to  the  peripherj'  by  way 
of  ncr\x -sheaths. 

The  gross  anatomical  finditlg:s  in  rabies  arc  insignificant  in  pro- 
portion to  the  great  gravity  of  thu  disease.  The  vascular  engorgement 
seen  is  probably  due  to  the  struggles  of  the  victim  during  the  stage  of 
excitation.  Kven  microscopically  nothing  characteristic  of  rabies  can 
be  found.  Certain  degenerative  changes  are  noted  in  the  cells  of  the 
central  ncr\'Ous  sj'stcm,  especially  the  multipolar  cells  of  the  anterior 
horns.  Cellular  infiltrations  in  other  cases  are  noted  in  the  gra>'  sub- 
stance of  the  cord.  The  patliologist  must  therefore  depend  for  his 
diagnosis  rather  upon  the  results  of  inoculation  experiments,  and  for 
^his  purpose  the  brain  and  spinal  cord  may  be  reser%'ed. 

The  symptoms  of  the  disease  in  inoculated  animals  arc  of 
especial  practical  importance  on  account  of  their  bearing  on  tlic  infec- 
tion of  human  beings  attacked  by  such  animals.  The  form  of  rabies 
occurring  in  80  or  X5  per  cent,  of  the  cases  in  dogs  is  characterized  bv 
three  stages — an  initial  stage,  a  stage  of  irritation,  and  a  stage  of  paral- 
ysis. Incubation  in  dogs  inoculated  by  bites  varies  much  in  duration, 
but  on  the  average  is  sixty  days.     Tcmpcrature-clc^'ation  is  noted  as 
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the  first  sign  of  the  disease,  lasting  a  half  to  three  days.  The  dog  then 
becomes  dull,  sad,  unfriendly.  The  appetite  becomes  poor  and  later 
abnormal,  the  dog  biting,  chewing,  and  even  swallowing  paper  and 
trash  of  various  sorts. 

The  irritation  or  rabid  stage  follows  upon  the  initial  stage  by  some- 
what gradual  exaggeration  of  the  preceding  symptoms.  This  is  the 
stage  of  madness.  The  dog  is  more  excitable,  distrustful,  and  snap- 
pish. His  voice  is  hoarse,  and  he  howls  rather  than  barks.  Anxious 
to  escape  from  confinement,  he  runs  away  aimlessly  when  released, 
snapping  and  biting  at  every  man  or  animal  in  his  way.  Three  or  four 
days  pass  before  the  excitation  gives  place  to  paralysis  of  the  exhausted 
nerve-centers.  The  dog  appears  weak,  runs  unsteadily,  breathes  rap- 
idly and  irregularly ;  his  tongue  hangs  out  of  his  mouth,  from  which 
drips  a  bloody,  foamy  saliva.  Paralysis  is  soon  followed  by  death.  In 
the  minority  of  cases  (15  to  20  per  cent)  the  stage  of  excitation  is  so 
abbreviated  as  to  be  unnoticed,  or  is  even  altogether  absent.  The 
animal  is  first  considered  ill  when  the  symptoms  of  weakness  or 
even  of  paralysis  are  observed.  This  is  known  as  the  quiet  form  of 
rabies.  When  well-marked  signs  of  rabies  are  present,  the  disease  is 
almost  invariably  fatal  in  either  of  these  forni.s. 

It  will  thus  be  seen  that  the  diagnosis  of  tables  In  the  dog, 
while  usually  easy,  may  require  the  observation  of  a  competent  veter- 
inary surgeon  to  distinguish  it.  In  the  absence  of  such  aid  and  in 
doubtful  cases  the  dog  may  be  killed,  and  the  brain  and  spinal  cord 
removed  as  nearly  aseptically  as  possible.  The  .specimen  is  sealed  up 
aseptically  and  transmitted  immediately  to  the  expert  in  rabies.  By 
him  the  medulla  oblongata  will  be  rubbed  up  with  physiological  salt 
solution,  and  a  portion  of  this  material  injected  into  the  subdural  space 
of  a  rabbit's  brain.  If  rabies  virus  is  present,  it  will  with  certainty 
cause  the  disease  to  appear  in  the  inoculated  animal. 

Van  Gehuchten  has  recently  noted  characteristic  changes  in  the 
cerebral  ganglia,  especially  of  the  vagus  and  trigeminus,  and  in  the 
spinal  and  sympathetic  ganglia,  by  the  postmortem  examination  of 
which  it  is  possible  to  diagnosticate  rabies.  The  nerve-cells  arc  de- 
stroyed and  are  replaced  by  inflammatory  tissue. 

The  sjrmptoms  of  rabies  in  man  correspond  well  with  those  of 
the  disease  in  dogs.  The  incubation  stage  may  be  as  short,  in  rare 
cases,  as  thirteen  or  fourteen  days.  Usually  death  takes  place  between 
the  twentieth  and  sixtieth  days.  The  incubation  may  in  rare  instances  be 
very  long — six,  thirteen,  fourteen,  twenty-two  months.  It  is  of  interest 
from  a  therapeutic  point  of  view  that  the  incubation  period  is  apparently 
lengthened  by  depressing  influences.  The  wounds  seem  to  heal  about  as 
rapidly  as  ordinary  wounds  exposed  to  similar  conditions.  It  is  only 
severe  conlu.sion,  pus-infection,  and  cauterization  that  delay  healing. 
A  local  reddening  of  the  scar  seems  to  occur  during  the  initial  stage, 
associated  with  such  signs  of  nervous  disturbance  as  centripetally  radi- 
ating pains,  burning,  tickling,  and  other  evidences  of  paresthesia. 
Anesthesia  and  hyperesthesia,  also,  at  times  give  evidence  of  dissemi- 
nation of  the  virus  along  the  nerve-trunks.  The  stage  of  nervous  ex- 
citation is  indicated  by  mental  excitement,  spasms  of  the  respiration 
and  deglutition  muscle-groups,  and  this  stage  is  in  turn  succeeded  in 


R^tBIES. 


193 


man  by  the  stage  of  exhaustion  and  paralysis.  Before  the  onset  of 
active  symptoms,  the  patient  seems  melancholy  and  depressed;  then 
he  becomes  restless  ;uid  eager  to  walk  about.  Such  nioods  of  depres- 
sion may  be  succeeded  by  short  periods  of  joyous  excitation,  which 
arc  again  followed  by  depression. 

In  the  stage  of  excitement,  or  Iiydrophobia,  respiration  becomes 
difficult,  sigliiiig,  and  anxious,  and  the  bystanders  note  with  especial 
horror  the  [wticnt's  inability  to  drink  on  account  of  spasms  of  the 
phary'ngcal  muscles.  As  the  disease  progresses,  even  the  sound  of 
running  water,  or  the  suggestion  of  it,  will  superinduce  these  spasms. 
The  patient,  dreadinp  the  on.-^et  of  the  contractions,  fears  to  attempt 
drinking,  hence  tlie  term  hydrophobia  (from  Greek  words  meaning 
"  water  "  and  "  to  fear  ").  Spasms  of  other  muscle-groups  commonly 
occur,  and  hypcrsensitivencss  of  the  various  sense-organs  is  often  .seen. 
Hallucinations  may  thus  arise.  Consciousness  remains  undisturbed. 
except  during  the  exacerbations,  almost  to  the  end  of  life.  Tlie 
horror  of  the  disease  is  thus  fully  appreciated  by  the  unfortunate 
victim.  The  flow  of  saliva  is  increased,  and,  as  it  is  the  chief  vehicle 
of  infection,  much  care  mu.st  be  exercised  to  prevent  the  attendants 
and  bystanders  from  being  inoculated.  In  delirium  the  patient  may 
eject  the  saliva,  almost  a-s  if  he  had  the  intention  to  infect  otliers.  It 
U  a  popular  error  that  hydrophobic  patients  imagine  themselves  to  be 
dogs,  and  bark.  bite,  and  snap  at  the  attemlants.  Klevation  of  temper- 
ature, priapism,  and  satj^riasis  are  observed. 

While  the  stage  of  excitation  lasts  from  one  and  a  half  to  three 
days,  the  final  stage  of  paralysis  maj',  in  man,  be  altogether  wanting 
or  may  last  but  a  few  minutes.  It  is  usual  for  the  |xttient  to  lie  re- 
laxed for  two  to  eighteen  hours  before  death.  In  man,  as  in  lower 
animals,  a  j»aralytic  fonn  of  rabies  exists,  in  which  the  active  symptoms 
of  the  di.sease  are  but  ^lif^hIly  marked,  while  the  paralytic  phenomena 
appear  with  especial  prominence. 

The  dlagnoBls  of  rabies  often  involves  the  exclusion  of  hystcro- 
epilepsy,  tetanus  (in  which  spasms  of  the  muscles  of  the  throat  often 
occur),  delirium  tremens,  epilepsy,  sunstroke,  poisoning — esinrcially  by 
datura  stramonium — and  brain-tumors. 

The  prognosis  in  wounds  inflicted  by  rabid  animals  is  variable.  In 
only  15  or  20  per  cent,  of  the  cases  does  the  di.sea.se  break  out  at  all ; 
but  when  the  disease  is  well  established  in  a  human  subject,  it  almost 
inevitably  destroys  life. 

Treatment  of  raWes  by  prophylaxis,  therefore,  is  especially  impor- 
tant. This  involves  decreasing  the  number  of  dogs  in  communities 
by  taxation,  controlling  dogs  by  registration,  by  the  use  of  muzzles, 
and  by  excluding  them  from  certain   public  places. 

When  persons  are  bitten  by  animals  known  or  suspected  to  be 
rabid,  the  animal  should  cither  be  killed  at  once  or  confined  and  care- 
fully watched  for  pronounced  signs  of  the  disease.  In  the  former 
case  the  central  nervous  sj-stem  is  removed,  and,  parts  of  it  (medulla) 
having  been  rubbed  up  with  sterilized  salt  solution,  the  material  thus 
obtained  is  injected  into  a  rabbit's  subdural  spaces.  The  disease  will 
thus  be  speetlily  transmitted  to  the  inoculated  animal,  giving  us  a  well- 
nigh  infallible  diagnostic  test.     But  one  .should  not  wait  until  this  test 

13 


194  TNTERXATIONAL    TEXT-BOOK  OF  SURGERY. 

is  completed  before  immunizing  the  person  bitten.  The  patient  is 
usually  sent  to  a  branch  office  of  the  Pasteur  Institute.  Such  labora- 
tories are  located  in  all  civilized  countries. 

Immunization  is  effected  by  successive  injections  of  virus  which  has 
been  weakened  in  virulence  in  various  ways.  Gradually  the  strength 
of  the  virus  is  increased  until  the  maximum  is  reached,  when  the 
patient  is  declared  insusceptible  to  the  action  of  the  infectious  agent 
In  this  way  more  than  50,000  persons  were  treated  between  1885  and 
1895,  with  astonishingly  good  results.  The  inoculations  themselves 
are  entirely  harmless.  The  method  employed  at  the  Parisian  Pasteur 
Institute,  where  the  virus  is  diminished  in  activity  by  drying  the  spinal 
cords  from  which  the  emulsion  is  made,  is,  for  wounds  of  the  extremi- 
ties, as  follows : 

Day  of  Period  during  -which  Quantity  of 

Treatment.  Medulla  has  been  Dried.  Emulsion  used. 

■ {.'Ida!;:!--- 3""..(ni48). 

' {"dSU 3c.c».       •• 

3 {'"^^i^} 3e.cm.       " 

* IrSrJ 3c.c^     •■ 

5 6  days       2  C.cm.  (?T\J2). 

6 5  days       2  c.cm.         " 

7 5  days       2  c.cm.         " 

8 4  days       2  c.cm,         *' 

9 3  days      . i  c.cm.  ^IT\^i6). 

10 5  days      2  c.cm.  (nV32). 

II 5  days      2  c.cm.        " 

12 4  days      2  c.cm.        " 

13 4  days      2  c.cm.        ** 

14 3  days      2  c.cm.        '* 

15       3  days           2  com.        '* 

When  wounds  have  occurred  about  the  head,  the  treatment  given 
is  somewhat  stronger — the  emulsions  of  stronger  virus  being  admin- 
istered earlier. 

The  value  of  cauterization  of  wounds  is  denied  by  most  authorities 
except  when  the  operation  is  performed  within  one  hour  after  the 
injury.  Cabot  has  recently  employed  with  considerable  success  in  ex- 
perimentally infected  rabbits  chemically  pure  fuming  nitric  acid.  Cau- 
terization is  said  to  be  of  service  even  up  to  twenty-four  hours  after 
the  infliction  of  the  wound. 

ANTHRAX. 

SynonyiXlS. — Pustula  maligna,  Carbunculus  contagiosus.  Wool- 
sorters'  disease,  Splenic  fever;  Milzbrand,  Hadern-Krankheit  (Crr.); 
Charbon  {Fr^. 

The  history  of  anthrax  in  eldcn  times  is  complicated  by  the  con- 
fusion with  it  of  various  cutaneous  maladies  associated  with  a  tendency 
to  destruction  of  the  skin,  liut  its  more  modern  history  is  a  more 
profitable  .study,  worthy  of  especial  consideration  because  this  was  the 
first  disease  affecting  man  to  receive  full  bacteriological  study.  No 
other  infectious  process  has  been  so  frequently  the  object  of  research, 
and  the  results  of  these  researches,  conducted  by  the  greatest  masters 
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_  >f  modern  methods,  have  afforded  paradifjms  for  the  investigation  of 
numerous  other  diseases  of  the  same  type. 

Pollcnder  raunt]  ribrio-Iike  boriwn  in  the  hlooci  of  ftnlTimx  flntmali  Mjcarlya^  l8;5. 
rTwo  ytar*  Ulcr.  Branell  fuund,  besirfes  Ihi-sc  ti>t[-li1<eur^9ii)i!>rn5>,  small  vesicular  and  rtusl- 
'like  bodies.      Krnnctl  wa^  ihr  firtt  (n  makr  inoculntiDti  rxpifriTncnt:«  with  ■  vtc-w  to  Hclr'T- 
mining  the  infcciiou»  cliaracler  wf  these  lll>^lic^  ;  bul  il  U  (u  the  uersislenl  and  cuurageoui 
work  of  Oitviiim>.  n]ij>cnnng  in  mimtniti*  cn.mniuri:cAlinns  to  the  i*nn*  ArA<lnny  of  Sciences 
.  frnm  1R64  1-1  1S7},  iSut  wp  owe  llie  real  fmirulutiiji)  nf  nur  u^ixlcrn  doclriiic  of  anlhra:^,  nnd 
"Tteme  of  ihr  wnurd  infciCiijii  dismscs  in  Rrnctal.      Il  Wiis  he  wlm  tit»l  showril  thnl  llir  iiwi- 
ikf  Iwictip*  of  I'ollendcr  and   Branel!  were  livini;  organisms.     \\v  c<-rwend«d  that  these 
bodies  were  thr  ciurc  of  thr  disraw,  and  sHowikI  Lliat  the  blood  u(  ntlcclrd  atiimaU.  if  it 
ConlairiMl  these  bodies,  was  capoble  of  Iran^millinK  the  disease,     AbsoUile  dcmnTistradon 
of  the  Iniih  of  hi*  coiiTitlions  could  not  be  m^dc  by  Darainc  fox  the  latk  of  culture-tnrllK>d'', 
which  were  then  uiiknown,  and  the  greatest  living  authonuea  disputL'd  his  theory  until 
F.  Ci)hn  and  Robert  Koch  proved  the  spores  to  Ijc  a  link  in  the  conimuity  c»f  life  in  the 
anthrax  microbe.     Koch,  I'nKtcur,  nnd  Klcbo  linnlly  added  absolule  proof  by  the  inocula- 
tion of  [Mire  cultures. 

Btiology. — Referring  the  reader  to  the  chapter  on  Uactcriology 
for  a  technical  consideration  of  the  Bacillus  anthracis.  we  pass  lo  a  con- 
sideration of  the  etiolojjy  of  the  disease,  an  elenicntar>'  knowledge  of 
which  is  essential  to  our  study. 

Splenic  fever  is  a  disease  common  to  man  and  certain  of  the  lower 
animals.  It  Is  through  a.s.sociation  with  infected  animals  or  their  car- 
cas-ses,  as  a  rule,  that  man  is  infected. 

The  bodies  of  animals,  usually  laitlc,  horse-s  .slieep,  etc.,  dying  in  )inMnret.  nr  man>hy 

laiula  are  often  negli'ctcd  by  ijjnonnt  fnrmen,  and  the  atilhrnx  bacteria  are  scaCleCed  oi  th« 

bodies  decnni[Hisc.     The  »puics  of  ihc  uncrube  may  Triiiuiri  fur  long  periiMh  inactive  in  the 

baried  or  partly  rnvcrcd  Hr*h.  and   may  be  dislribulrd    to  1  distance  by  flood- K'ntctK.      In 

iJiis  way,  whole  pastures  and  water  cuwrses  may  become  infettcd,  and  older  aniinah  graaiiig 

riovcr  Ihe  land  contracl  the  disease  by  conlaci  with  the  sjwres,     F.ven  if  the  bixly  of  ibe 

Iwiiiiul  i>i  buried  ju*t  beneath  Che  Mrnoe,  tlie  bacteria  may  be  brouKht  up  by  carth-womUs 

|snails,  and  beetles.     The  older  recommendation  to  bury  the  bodies  of  animals  dead  cX 

ithiax  Bl  lea*t  on?  meter  deep  is  l>e«t  replaced  by  the  rule  that  Hidi  bodies  should  be 

Tde^lroyed  by  lire.      Infected   districts  can  be  purified  only  afler  considerable  time  by  thus 

destroying  the  carca.-Mf-'i  ami  by  cimliiiinir  m-^cptiblc  animals  (o  other  feedintf-Krounds. 

The  animaU  suifceptiblc  to  anthrax  arc  chiefly  the  herbivom,  e.speciully  ftlieep  and  cnttlc. 

Algerian  Jieep.  however,  poMex*  a  certain  immiinily  nijninst  the  disrav;.      Ilorv:s  are  less 

ftniuenlly  affected  ;  but  i(  is  said  Chat  the  disea^tr  uctupi  anmn^  Russian  horse\  oflenlinie.s 

^bt  epiioOlic  foTHL     Wild  nnimaU  of  the  deer  nnd  antelope  families  arc  occasiotudly  subject 

llo  the  dtiMsue.     Such    rodents  as   ^uincupi^^,  mice,  and   rabbits  ute  '{Uilc  subject   (u  the 

I  disease,  bul  the  varieties  of  rats  arc  «ne'|unl[y  »ivi«*rplible.      Initequenily  dogs,  caLS,  foxes, 

■nd  luuw  arc  attacked.      Ducks,  pigeons,    aiiil  cruws  ar<-  but  slightly  >tiM.epliblc,    while 

chkbcns  are  mure  readily  atlackctf.     Cold-blooded  aninuiU  are  ()uili-  rrsi'^lnni. 

The  di.scase  is  transmitted  to  man  from  infected  animals ;  and  it 
[facilitates  the  .study  of  this  part  of  the  etiology  to  premise  that  the 
^bacteria  gain  adnntssion  by  way  of  i>kin-injuries.  by  inhalation  of  in- 
fected dust,  and  by  the  ingestion  nf  infected  foods. 

Those  who  are  engaged  in  handling  hides  are  likely  to  infect  small 
abrasions  of  the  hamls  or  of  the  face.  Wool -sorters  in  Kngland, 
handling  wool  from  all  parts  of  the  world,  arc  often  aflcctcd  with  an- 
thrax of  the  respiratory  passages,  liutchcrs  are  liable  to  infection  of 
cuts,  Vetcrinaries  are  inoculated  while  treating  the  disease.  Farmers 
sometimes  contract  the  disease  in  hantiliiig  the  living  animals  or  thetr 
carcasses.  Pathologists  have  frequently  been  inftxted  while  mak- 
ing (Mwt-mortems  of  exijerimenlal  animals  dead  of  the  disease.  The 
story  is  related  by  l.ubar^ch  that  one  young  patholf^st  contracted  the 
di.st»se  by  .smoking,  while  conducting  an  autopsy  on  a  cock  which  he 
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had  killed  with  anthrax.  The  cigar,  frequently  handled  and  replaced 
in  the  mouth,  was  doubtless  the  carrier  of  the  microbes.  Rarely  is 
the  disease  conveyed  by  infected  foods. 

The  atrium  of  the  microbe  in  man  is  usually  an  abrasion  of  the  skin, 
but  the  bacteria  can  enter  by  the  lungs  and  by  the  intestines  without 
the  occurrence  of  wounds.  The  injuries  of  the  skin  may  be  produced 
by  the  infection-bearing  object,  or  the  inoculation  may  occur  upon  a 
wound  already  made  in  the  absence  of  granulations.  Flies  are  said  to 
transmit  the  disease  (Koch),  and  the  bristles  from  which  brushes  are 
made  have  frequently  carried  the  microbe.  Surgeons  have  repeatedly 
conveyed  the  infection  by  using  imperfectly  sterilized  catgut  from  sheep 
suffering  from  splenic  fever. 

The  pathological  atiatomy  of  anthrax  in  man  consists  essentially 
in  necroses  and  serous,  serofibrinous,  and  seropurulent  inflammations,  as 
well  as  hemorrhages  (Lubarsch  and  Frank). 

The  most  generally  known  lesion  of  splenic  fever  in  man  is  the 
initial  lesion  at  the  site  of  infection  when  the  skin  is  first  invaded — the 
"  carbuncle  "  or  "  pustule."  A  small  translucent  vesicle  appears  at  the 
site  of  inoculation,  turning  to  a  bluish-red  color,  and  by  bursting  is  con- 
verted into  a  small,  irritable,  itching  tumefaction.  It  is  characteristic  of 
this  little  ulcer  that,  while  its  edges  arc  elevated,  its  center  is  depressed 
and  of  a  dirty-black  or  purple  color,  due  to  necrosis  of  the  tissues.  The 
neighboring  skin  is  often  reddened  and  infiltrated.  When  the  central 
scab  is  raised,  there  e.xudes  a  thin  fluid  which  contains  anthrax  bacilli  in 
greater  or  less  numbers.  This  characteristic  appearance  often  suffices 
to  clinically  identify  the  disease,  and  to  suggest  an  examination  for  the 
specific  agent  of  the  disease. 

Microscopical  examinations  show  active  inflammation  going  on  in 
the  affected  skin,  the  corium  and  papillary  layer  being  infiltrated  with  a 
sanguinolent,  cellular  exudate.  Although  the  bacteria  can  penetrate 
into  the  deeper  layers  of  the  corium,  they  lie  chiefly  in  the  external 
portions  of  the  corium  and  in  the  papillary  bodies. 

If  the  primary  lesion  occurs  in  the  intestinal  canal,  the  general 
appearance  is  much  like  that  of  the  cutaneous  lesion,  a  similarity  which 
in  the  main  is  borne  out  by  microscopical  examination. 

In  the  case  of  primary  pulmonary  infection,  the  spores  are  inhaled 
with  dust  and  become  arrested  in  the  bronchial  tubes  and  alveoli,  where 
they  develop.  They  are  then  observed  in  the  connective  tissue  and  the 
lymphatic  spaces  of  the  organ.  Inflammation,  edema,  and  the  exuda- 
tion of  a  bloody  serous  fluid  in  the  pleural  cavities  are  commonly 
observed  (Ziegler). 

Should  the  bacteria  grow  in  the  circulating  blood,  they  are  found  in 
the  most  distant  parts  of  the  body,  and  in  csix-cially  great  numbers  in 
the  capillaries  of  the  abdominal  viscera.  In  the  lower  animals  the 
tendency  is  for  the  disea.se  to  spread  by  way  of  the  blood,  while  the 
primary  lesion  is  by  no  means  so  characteristically  developed  as  in  man. 
Death  occurs,  usually,  as  a  result  of  intoxication  by  the  poison  charac- 
teristic of  the  bacillus,  the  old  theory  of  a  mechanical  occlusion  of 
capillaries  important  to  the  vegetative  functions  having  been  abandoned 
as  untenable. 

The  symptoms  and  course  of  anthrax  in  man  depend  to  a  great 
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'extent  on  iht:  point  of  cTiln.-  of  tin-  disease.  In  tjie  form  bcj^nnini:  with 
a  cutaneous  lesion,  the  face  and  head  arc  most  frequently  attacked,  then 
the  upper  extremities,  the  neck,  the  trunk,  and,  finally,  the  lower 
extremities.  While  a  single  carbuncle  is  usually  observed,  numerous 
instances  are  recorded  in  which  two'or  four  lesions  were  observed  in 
simultiineous  evolution.  Tlie  period  of  incubation,  tastiriij  u-iually  two 
or  three  days,  is  vcr>'  impci-fcctly  charactcrizt-d  by  malaise,  tlulness, 
belching;,  indigestion,  and  perhaps  a  slight  febrile  movement.  Only  two 
or  three  days  more  are  consumed  after  the  appearance  of  the  pustule 
before  the  disease  extends  beyond  the  purely  local  stage,  since  the 
lymph-glands  of  the  affected  region  become  enlarged  ami  painful,  and 
the  skin  over  them  btrcomes  edematous.  The  fever,  meanwhile,  ha.s 
become  higher,  the  dulness  greater,  and  the  gastric  symptoms  more 
pronounced. 

The  disease  may  now  terminate  in  recovery  or  in  extension  of  infec- 
tion and  death.  In  the  first  instance,  the  scab  over  the  carbuncle  falls 
ofC  a  clean  granulating  surface  is  left,  and  the  wound  heals  by  the  usual 
process  of  epidcrniization.  When  death  ensues,  it  follows  as  a  result 
of  general  infection.  Death  may  occur  early — even  in  two  or  three 
days,  when  the  infection  has  been  especially  violent.  Usually  at  least 
four  or  six  days  elapse.  The  gastric  symptoms  are  pronounced,  the 
vital  powers  are  greatly  depressed,  and  pains  are  felt  in  the  head  and 
limbs.  Chills  are  followed  by  high  fever.  In  many  cases,  though  not 
constantly,  the  spleen  is  enlarged.  The  appearance  of  tlie  carbuncle  is 
such  as  to  indicate  no  healthy  reaction;  the  skin  about  It  is  blue,  coo], 
and  dough)'  to  the  touch.  The  general  weakness  increases,  although 
the  consciousness  often  remains  unclouded  to  the  end,  The  severity 
of  the  general  symptoms  increases  nipidly,  the  vomitus  is  blood)-,  the 
extremities  become  cool,  the  pulse  continuously  weaker,  thinner,  and 
scarcely  perceptible,  The  jxitient  complains  of  great  dy.spnea,  a  profuse 
cool  sweat  appears,  the  voice  weakens,  the  temperature  falls,  and  death 
results  under  increasing  somnolence  and  gradual  loss  of  consciousness. 
Sometimes  delirium,  coma,  or  convulsions  close  the  scene  (Koran>i). 

A  second  fonn  of  the  disease.  kno\\'n  as  maliguanl  alnna  (eedeme 
charb*(nneux),  begins  as  a  doughy,  almost  translucent  swelling,  most 
frequently  obser\'ed  over  the  upper  eyelid.  The  swelling  is  very  great, 
causing  the  eyeball  to  di.sajipear  completely,  (ieneral  infection  may 
take  place  from  this  primar)'  focus  of  the  tliseasc.  and  its  outcome  is 
usually  fatal. 

In  the  g astro-intestinal  form  of  the  disease  death  usually  occurs. 
It  is  ushered  in  with  a  prodromal  stage  often  lasting  but  a  few  hours. 
Wcaknes.s.  headache,  vertigo,  and  vague  |>ains  are  followed  by  the 
active  stage  of  the  di.sease.  in  which  complete  anorexia,  great  thirst, 
nausea,  and  vomiting  occur.  The  abdomen  becomes  distended  and 
tender,  the  pulse  weak  and  thready ;  cold  sweat  appears,  and  con\'ul- 
sions  are  often  noted.  Perforation  of  the  intestines  may  lead  to  death 
by  peritonitis. 

The  diag:nosi5  of  splenic  fever  is  not  difficult  to  make  where  the 
typical  Ciirbuncle  is  observed,  leading  at  once  to  a  search  for  the  an- 
thrax bacillus.  Malignant  edema  may  be  recognizable  only  by  exclu- 
sion when  the  imperfect  development  of  the  primary  carbuncle  docs 
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not  supply  a  clue.  Intestinal  anthrax  cannot  be  diagnosticated  in  the 
absence  of  an  anamnesis  referring  to  the  ingestion  of  infected  meat  or 
milk.  Intestinal  and  pulmonary  anthrax  are,  before  death,  scarcely 
demonstrable  without  the  discover}'  of  the  bacillus.  This  organism 
must  be  sought  for  by  culture-methods  wherever  its  presence  is 
suspected. 

The  prognosis  is  least  grave  in  the  cutaneous  form  of  anthrax, 
where  the  local  lesion  is  well  marked  and  lends  itself  to  local  thera- 
peutic measures.  Malignant  edema  gives  a  less  favorable  outlook, 
and  cured  cases  are  referred  to  as  rarities.  So  far  as  the  cases  are 
recognizable,  the  intestinal  form  of  anthrax  is  v<try  fatal.  But  of  all 
forms,  the  pulmonary  type  gives  the  highest  death-rate — 50  per  cent. 
according  to  Eppinger;  75  to  80  per  cent,  as  estimated  by  British 
writers. 

The  treatment  by  prophylaxis  is  of  the  highest  importance — first 
by  burning  the  bodies  of  all  infected  animals,  and  second  by  sterilizing, 
where  possible,  the  various  products  of  unknown  animals  which  may 
carry  the  contagion — r.  g.,  hair,  wool,  bristles,  hides,  catgut 

Pasteur's  method  of  immunizing  sheep  by  the  inoculation  with  miti- 
gated virus  has  been  found  practicable  in  limiting  the  spread  of  the 
disease  in  Australia  and  in  France,  and  is  worthy  of  further  application 
among  susceptible  domestic  animals. 

Cauterization  of  the  primary  lesion  by  a  large  number  of  agents  has 
been  tried  with  varying  success.  But  a  better  plan  is  the  excision  with 
the  knife,  as  suggested  by  Fournier.  The  incision  is  to  be  carried 
through  perfectly  healthy  tissues.  Bryant  and  Baker  cauterize  the 
newly  exposed  surface.     Verneuil  extirpated  with  the  thermocautery. 

In  case  excision  is  unavailing  in  stopping  the  disease  or  cannot  be 
employed,  quinin  in  stimulating  doses  is  to  be  tried.  Leube  recom- 
mends 30  gr.  (2  gm.)  of  the  hydrochlorate  with  15  gr.  (i  gm.)  of  car- 
bolic acid,  divided  into  ten  doses,  to  be  given  in  one  day.  Ipecacuanha 
is  recommended  for  the  intestinal  form,  followed  by  calomel.  It  is  to  be 
hoped  that  an  antitoxic  serum  will  soon  be  provided  for  this  disease, 
as  has  been  experimentally  attempted  by  Emmerich.  Symptomatic 
remedies  are,  of  course,  indicated  in  the  systemic  forms  of  anthrax  as 
elsewhere. 

Strubell  has  recently  successfully  treated  two  cases  of  anthrax  with 
very  hot  cataplasms  and  hypodermic  injections  of  3  per  cent,  carbolic 
acid  beneath  and  around  the  point  of  infection. 

GLANDERS. 

Synonyms. — Malleus  humidus.  Farcy;  Morve,  Farcin  {Fr?)\  Rotz 
{Git).  Glanders  is  an  infectious  disease  of  horses  and  other  mam- 
mals, transmissible  to  man,  and  characterized  pathologically  by  the 
deposit  of  nodular  lesions  in  various  tissues.  The  disease  has  been 
recognized  as  a  separate  nosological  entity  for  a  long  period,  but  its 
specific  causative  agent,  the  bacillus  of  glanders,  was  not  identified 
until  its  recent  discovery  by  Lofflcr. 

In  the  horse  the  disease  produces  lesions  and  symptoms  described 
by  Youatt  as  follows : 
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"The  esrlir^i  local  aymploni  i*  a  nnsnl  discharge,  which  ccmMstsof  an  increnwH  w<Te- 
tion,  siuall  io  t|uantity,  untl  Huwiu);  cuimtuiitly.  It  is  of  aa  aiiueous  charactei,  inixctl  with 
a  liltlr  mitois.  [t  '\'s  noC  'tikky  wh^n  lirsl  rrroKnizcd,  but  biMnion  to  aftrivr.-ird,  linviiit;  a 
peculiar  viicidiiy  and  glucy»c»6.  The  <li«:har);c  soon  incrcatet  in  quntiticv,  and  in  the 
advaiKcd  Mxge»  Itnonm  diwulorrd.  bliKvly,  anil  olTmsiv^.  On  the  oilier  nainl,  Ihi-  di»- 
charjte  may  continue  for  many  month*,  or  even  for  two  or  three  y«»rs,  iinnttcnded  by  any 
other  lymptom,  nnd  yd  the  hor^r  be  decidedly  gUndercd.  The  );land»  under  the  JAvr  sooo 
becrttnc  enlarged,  and  are  uenerally  observed  cm  the  ume  Mde  as  thai  on  which  the  noiitTil 
i»  aSccted  ;  the  BWclling  at  tin4  may  be  Botnewhal  large  nnd  dilTuM-d.  but  this  »uliudc9  in  a 
frrcat  meautre  and  leaves  ont'  or  Iwn  glandular  cnlarjifmenis,  which  iMrciiine  closely  odhe- 
tent  to  the  jaw-bone.  The  tnucou*  membrane  c>r  the  no»e  becomes  of  a  dark-purpti>h  hue 
or  aiiDost  of  a  leaden  coli)r— never  llie  faint  pink  blush  of  hu-alih.  or  the  inlrnw  and  vivid 
red  of  uaiial  inflammation.  Spols  of  ulceration  will  probably  njijicnr  on  iht^  membrane 
ociveriiq;  the  canilage  of  the  iiiiie ;  these  ulcert  ure  uf  a  circular  fuim,  deep,  and  with  abrupt 
arkd  prominent  edgr*.  and  l»ecome  larBer  and  nrnrc  numerous,  ohstnirting  the  nosnl  )>a«uigC!t, 
and  cauMii|{  a  i^raliiic  or  cholcinf;  nuite  in  t>r«atliin^.  I'he  disease  extetult  upw;iid  into  the 
fronlal  iiniu»e«,  and  ihr  intennmcnt  nf  ihe  forehead  become*  tliickriin)  imij  jiwulh-ii,  cnuwnu 
peculiar  lendemeM.  The  ub-«irbc[iiL<>  atxjut  the  fiiee  and  neck  now  becuuic  implicated,  •.un* 
Mitiittng  faivj- ;  these  cnlnrjjc  nnd  ^inri  ulccnile.  The  atiMirbent*  uii  the  invidc  til  the  lliigh, 
and  then  the  deep  ab§oTfaenl«  of  both  hinrl  tegs  nre  next  Invnlrcd,  cauxlng  the  pnns  tti  sn-clj 
ta  a  great  size,  and  to  become  KtifT,  ho<,  and  tender.  The  cunitlitultuiiul  sympliniu  are  lu»s 
of  flctli,  impaired  nppclitc,  fniling  Mrength,  and  more  or  le«i>  urgent  cough  ;  the  belly  \% 
tucked  uu ;  the  coat  xt.  unthrifty  an<l  icadily  cunie»  ulf.  The  uniiual  aoon  pmenta  c>ne  nia»i 
of  putrcfflctioQ,  and  die*  c»han«lcd." 

Man  is  exposed  to  infection  from  diseased  animaUs,  the  infectious 
matter  being  blow  11  oiil  ijf  the  luwlrils  of  the  animal  Into  the  eyes,  nose, 
or  mouth  of  the  individual,  or  the  disea.se  may  be  contracted  by  bathing 
in  water  in  which  brushes  or  harness  have  been  cleaned  after  having 
been  useil  on  infected  animals.  Cavalr>incn,  horscshoers,  hostlers, 
vetcrlnaries,  and  butcliens  are  most  exposed  to  infection. 

Cotirse  and  Symptoms. — The  disease  may  run  a  course  in  man 
which  is  either  acute  or  chronic.  In  the  firyl.  form  it  often  simulates 
rheumatism  or  typhoid  fever.  Ik-ginning  with  malai-'.e  and  rheumatic 
pains  in  different  pitrts  of  ihc  bo<ly,  an  tlcvatcd  temperature  soon 
develops,  and  with  it.  if  the  infection  atrium  is  upon  a  visible  part  of  the 
body,  nodules  appear  at  and  near  tlic  site  of  infection.  The  skin  may 
be  quite  generally  attacked  with  a  pustular  eruption  which  leaves 
ragged.  dirt>*  ulcers.  These  ulcers  may  spread  and  coalesce,  and 
phlejimonous  infiltrations  may  spread  away  from  them.  Lymphangitis 
and  lymphatic  adcnnjiathy  are  often  st-en.  The  priman,'  scat  of  disease 
may  be  in  the  up|>er  air-pa.ssages  or  even  in  the  bronchi,  but  this  local- 
ization is  not  so  common  in  man  as  in  the  horse.  The  secondare'  fod 
of  the  disea.se.  due  to  the  transmission  and  localix;ition  of  the  bacilli  by 
the  vascular  apparatus,  are  distributed  in  much  the  .same  way  .xs  the 
secondary  foci  of  suppurative  inflanmialion,  to  which  the  individual 
lesions  bear  a  close  resemblance. 

While  the  acute  form  nf  glantlcrs  i.s  fatal  in  a  few  days  or  two  or 
three  weeks,  the  chronic  form  ha.s  a  fatal  outcome  in  only  about  half 
the  cases,  and  then  only  after  from  two  months  to  one  or  more  years. 
In  the  chronic  form  of  the  disease  the  resemblance  of  the  pathological 
processes  is  in  favor  of  syphilis  and  tulxTCulrwis.  These  secondary 
deposits  are  noted  not  only  in  the  internal  organs  but  in  the  muscles 
and  the  siibcutnnt-nns  lissut-s, 

The  morbid  anatomy,  according  to  Haumgarten,  is  that  of  a  dis- 
ease standing  midway  between  abscess  and  tuberculosis.    Says  Prcisz : 
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''The  linT  be){inmii(;  of  the  nodulitr  (onnalion  »  tlic  appcAnncc  of  cpilbdioid  cvtU  witb 
rignsnf  kar>'oVincMS  cxr^))lii>nally  nlwi  with  ftcvcml  nuclei.  Tlie-u^  cpilhrlioid  iirll*  nnt? 
from  the  tixcd  cells  of  the  connective  tissue  of  the  veiiKls.  or  of  the  parenchyma  involved  ; 
fttiva  the  tiftrtlerof  the  nmitile  iherr  hegin^  loK^r  on  iii6hralion  1>y  waiHiering  leukcicybs, 
which,  in  conscvjucnce  o[  the  Kftoicntatiun  sTid  breaking  up  of  their  ducIci,  xre  more  ocarijr 
rrlfltrtl  to  pus  cirr^nisrlfi  than  nre  the  lmkiH.-ytes  iif  tutierclc-S ;  finally  there  follows  soflrttil^ 
and  brenkind  dnwn  of  the  noduli.-,  while  at  its  periphery'  procee<)<(  the  proccu  deKribed." 

The  diagnosis  nf  glanders  in  the  wdl-mnrkcd  cases  occurring  in 
those  wIiDsc  occiipaticHis  arc  suggestive  nf  exposure  to  infection  is  bj* 
no  means  tiiffictill ;  btit  iu  ihc  acute  cases  affecting  jjcrsons  not  usually 
associated  \vith  tht"  lower  animals,  especially  when  the  infection  atnuni 
is  concealed,  and  when  the  symptoms  resemble  those  of  rheumatism 
or  of  septic  infection,  the  di^f^nosis  may  be  doubtful  or  even  erroneous. 
In  the  chronic  cases  in  which  localization  of  the  lesions  is  not  typical, 
doubt  or  conftision  may  again  occur. 

To  aitl  in  diagnosis  we  have  scvemi  valuable  signs,  some  of  which 
are  cnnclusivc.  Of  these  arc,  in  the  first  place,  the  discovery  and 
identification  of  the  Bacillus  mallei.  This  demonstration  is  proof  po.si- 
tive  of  the  disease.  Strauss  lias  proposed  a  quicker  method  (>f  reaching 
a  coilcUisiun — by  injrrcting  liie  discharges  inlo  the  prrtloneal  cavitj'  of 
male  guinea-pigs,  and  noting  the  swelling  of  ihe  te.stes  which  invariably 
occurs  within  a  few  hours.  Unfortunately  for  this  test,  the  .swelling 
occurs  also  after  the  injection  of  certain  non-pathogenic  micro-organ- 
isms. J.  Kocii  has  shown  tiiat  it  is  not  necessary  to  inject  into  tlic 
[leritoneal  cavity. 

When  the  tuberculin  test  for  tuberculosis  was  introduced,  efforts 
were  instituted  to  obtain  a  similar  test  for  glanders.  These  efforts  cul- 
minated succcssfidly  in  the  discover)'  of  mallfin,  a  product  consistii^ 
of  the  to.xins  of  the  glanders  bacterium  as  obtained  from  pure  cultures 
grown  on  various  artificial  media.  The  reagent  is  injected  hypodcr- 
mically  in  quantities  corresponding  with  the  strength  of  the  preparation 
and  with  the  size  and  general  condition  of  the  subject.  When  a  .suit- 
able dose  is  thus  administered  to  an  animal  or  a  man  affected  witli 
glanders,  a  thermal  reaction  occurs  in  from  75  to  90  per  cent  of  the 
cases.  The  rise  in  temperature  must  be,  in  horses,  not  less  than  2*  C 
to  be  determinative.  The  value  of  the  mallein  test  is  considered  by 
Strubc  to  be  quite  undetermined. 

Treatment  in  this  disease  also  becomes  largely  a  matter  of  pro- 
phylaxis, and  the  mallein  test  gives  us  abundant  aid  in  the  stan^ping 
out  of  the  contagion.  Since  horses  which  have  been  tested  with 
mallein  are  in  no  way  injured,  the  reagent  may  be  freely  applied  10  all 
the  horses  in  a  country*  and  to  all  imported  animals,  all  the  infected 
animals  may  be  destroyed,  and  in  this  way  the  disease  may  be  almost 
or  quite  stamped  out.     Man  is  thus  best  protected. 

When  the  disease  is  once  contracted,  it  usually  proves  fatal  in  the 
acute  form.  No  adequate  treatment  has  yet  bcL-n  proposed,  although 
methods  by  the  use  of  the  serum  of  immunized  animals  have  been 
tried.  In  the  chronic  forms  of  the  disease,  in  which  the  death-rate  is 
not  so  high,  more  may  be  accomplished  by  surgical  treatment.  The 
ulcers  are  treated  antiscptically.  especial  pains  being  taken  to  destroy 
the  bacteria  in  the  discharges.  Abscesses  must  be  promptly  opened, 
if  possible  with  the  thermocautery,  in  order  to  prevent  further  infection 
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by  way  of  the  lymphatic  .system.     Of  course,  general  symptoms  will 
be  treated  accorouig  to  ordinary  indications. 

ACnNOMYCOSIS. 

Actinomycosis  is  an  Infectious  process  superinduced  in  man  and  in 
the  ox  by  the  micro-organism  known  as  actinomyces  or  ray-fungiis.  In 
the  ox  the  disease  is  commonly  called  htmpy-jaw.  In  (jermany  the 
fungu-s  is  called  Straklcnpih,  and  the  disease  Stra/iicnpiic-kratikhat. 

The  history  of  the  disease  as  a  recognized  cntit>'  is  vcr].'  short. 
Although  Bollinger  was  the  first  to  prove  the  connection  of  the  ray- 
fungus  with  the  lumpy-jaw  of  cattle.  I-angenbcck  (1845)  and  I^'bert 
(1857)  had  pictured  the  fungus-granules  long  before.  Israel  in  1S78 
described  "characteristic  mycoses"  in  man.  which  have  since  lieen 
recognized  as  cases  of  actinomycosis.  Ponfick  first  demonstrated  the 
actinomycotic  infection  in  such  cases  in  man.  and  established  its  pathol- 
ogy upon  a  sound  pathological  and  clinical  basis.  With  this  beginning, 
surgeons  in  all  parts  of  the  world  proceeded  to  a  careful  study  of  the 
disease  with  such  enthusiasm  that  in  189^  lllich  of  Vienna  was  able  to 
collect  4.21  cases  occurring  in  man.  Kvltj- surgeon  of  exjierience  is 
now  familiar  with  the  malady,  and  while  actinomycosis  cannot  be  con- 
sidered a  common  disease,  it  is  far  from  being  rare.  The  experience 
of  recent  years  has  clearly  shown  that  in  the  region  of  the  jaw  man>- 
cases  of  so-called  chronic  alveolar  abscesses  are  undoubtedly  iliie  to 
aciinomycQlic  infection  ;  for  example,  at  the  Massachusetts  General 
Hospital,  Boston,  4  cases  were  discovered  in  one  week — an  esamplc 
of  the  valuf  of  ini<:roscrnpic  examination  of  pus  in  all  sus[>ecteil  cases. 

Minute  Anatomy. — The  bactcriolog\'  of  actinomycosis  is  of  great 
interest,  especially  because  of  the  difficulties  encountered  in  artificiall>' 
cultivating  and  classifying  the  micro-organism,  and  in  deciding  whether 
the  var>'ing  forms  of  the  microbe  belong  to  one  or  more  species.  For 
a  discussion  of  this  ]wrt  <»f  the  subject  the  reader  is  referred  to  the 
chapter  on  Bacteriology.  Wl-  may  say.  however,  th.il  the  production  of 
granules  is  characteristic  of  ihc  nmrbid  process.  These  granules  may 
be  sulphur-  or  gra\*ish-yeliow,  with  a  slightly  darker  center,  where  cal- 
careous deposit  may  occur,  and  are  composed  of  masses  of  interxvoven 
filaments  of  tlie  actinomycetL's.  surrounded  by  adherent  pus-corpuscles. 
The  presence  of  these  masses  in  the  tissues  gives  rise  to  much  prolifera- 
tive reaction  on  the  part  of  the  tissues,  which  is  expressed  in  the 
deposit  of  leukocytes,  the  multiplication  of  the  fixed  tissue-cells,  and 
the  formation  of  giant  cells.  Tlie  kcmcl-likc  mass  of  bacteria  is  thus 
soon  surrounded  by  active  granulation-tissue — the  usual  concomitant 
of  chronic  inflammation.  As  is  also  the  case  in  chronic  inflammation, 
this  newly-formed  connective  tissue  may  contract  at  a  later  time  and  cut 
short  the  activity  of  the  micro-organism.  But  a  single  nodule  of  this 
kind  is  not  likely  to  be  formed  ;  many  such  masses  usually  lie  side  by 
side.  These,  by  coalescence,  produce  indurations  as  extensive  as  the 
diffusion  of  the  bacteria  pemiits.  These  masses  may  "  heal  out "  by 
penetration  of  the  connective  tissue  into  the  mi<ist  of  actinomyceles. 
Hut,  on  the  other  hand,  degenerative  pntcesses  in  the  center  may  occur, 
and  a  purulent  material  form,  which,  increasing  in  quantity  by  the  coal- 
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csccnce  of  many  nodules,  may  be  forced  into  distant  tissues  by  th* 
pressure  of  muscles,  etc.,  and  convey  the  disease  to  distant  structures. 
Fibrin  is  deposited  in  considerable  quantity  in  the  in\'adet!  tissue. 

Should  this  process  occur  in  the  midst  of  bone-tissue,  the  osseous 
structure  will  be  destroyed  in  the  immediate  neighborhood  of  the 
disease,  while  the  bone  undergoes  hyperplasia  about  the  periphery. 

There  i>  no  conUx>vcr£y  elmul  Ihc  hyi>crplast«c  aclivily  vxcilefl  bj  ihi;  ray-fungu* ;  Imt  mII 
■re  v\rA  Bgrcw)  na  \n  in  ^lyngrnir  prn]i<Tti«.  I*nic!  i*  thr  rhanipinn  of  ihc  pyogenic  iheofjr. 
Bostrueni,  with  whom  Kj>))inK«r  ngrces,  believer  Uial  ni  fii-^l  an  acuLc  inflanii»at>oi]  occuiv 
which  MKin  hf-rdino  n  rliniiiic  |>n>t:<-xv  uf  n  reactive  jinilifcmlivr  character,  nnd  ««  a  Rsall 
uf  which  the  exudate  undccgLic^  di^iiilegnitiijn.  Hotjirll,  whoic  vicwi  aic  c»>rnU«)ly  tlic 
Kline,  tails  nitenliiin  In  ihr  fatt  Oinl  iirlitnnnytriM',  i>  ki  be  ciiuntnl  as  one  of  the  fDrms  of 
pieiidotiihcrcnlo'iis.  .AsthofT  mnini.iins  the  specific  py^penic  power  of  the  Ofgaaifm.  nod 
eall&  espcciaL  allenliuti  lu  Uil-  riir(uMn»(»  of  the  di^ea^e,  wilh  which  pu^  16  ii§aally  a(>sociated, 
M  evidence  in  fnror  of  this  view.  Of  course,  no  one  drnien  that  puR  l>  ui^ualty  iiMociBlMl 
with  all  forms  of  (he  discuBe  an  it  occurs  in  man  ;  but  the  pus  is  ({eoemlly  awnbed  to  a  mixed 
infeclion  with  other  micro-oi^nnisnis. 

The  gross  pathological  anatomy  of  the  disease  is  ever>'M  here 
associated  with  chronic  indurations,  with  softening  and  liquefaction,  and 
with  the  resulting  sinuses. 

About  the  head  nnd  neck,  which  are  favorite  rite*  of  the  diMnse,  the  lower  jaw  and  cer- 
vical fuHia  are  fref|uei)lly  aR'ectcd.  The  noTi  iiailb  nre  luuaily  thickened  and  indurated,  aud 
here  nwl  there  tiifl  sjuil*  mTiir,  whit'h  i-vrntiiallv  hrealc  tlnwii  nml  ri-Mill  in  simiies,  dLvharK- 
trg  a  ihin  water)'  pu^.  in  whii:h  are  usunlly  'wen  the  sirull  sulphur  colored  ^ranulcc.  Tbe 
rerxncal  fttx-in  i*  often  ntUclcnl  hv  the  <1isenNc.  which  ihen  give*  ihc  nccic  a  brawny  hardneftft 
thai  may  Sccwne  very  esienMre  in  area,  ll  it  mn.it  clmrftcten^tic  of  thi*  affcctiun  tb«t  no 
glonduUr  enlurKeineiU  ulvui>  ^ti  \\y\\^  !\%  iitixcJ  iritei.(ioii  ii,  aWcut.  Incrc<i»c  in  xi^e  of  ad- 
jacent l>-nipbniio  ix  iherefore  (ii-Hiiiie  evidence  nf  n  (oniaminntion  with  the  ordinary  pyo- 
genic ortfutii^m.i.  After  a  time  Ihc  litiurfacltun-pioccM  brin);>  alHiiit  the  rnimatioii  of  aiauacs 
opening  upon  Ute  skin,  when  the  mas>.ive  ettlai^emeni  diminidies  somewhat  in  uw.  Id  the 
ox  the  tongite  is  often  affected,  and  attains  ■  considerable  size  and  great  hardness.  Id  the 
nei-lc  the  skin  14  fre<|uent1y  ailiicked,  ihf  induraiinn  oin-iiniiii;  nl  irregular  inlervalt.  throwing 
the  i nleKuraenl  irito  folds  or  waves  of  irrcgul-aT  enlar);cincnt. 

Altbi)U);li  ihr  ray  fuii^ius  i>  capable  of  piuduLing  a  sujitrificiAl  bmnchi(i>  urussociatcd 
with  any  olber  pulmonic  loirits,  the  IttH^s  lire,  as  n  rule,  affected  witli  n  wclt-rnaikcd  plithins, 
wlitrh  UNiinlly  run.i  a  muTHr  mui:h  like  thai  nf  liibercidoMv  In  the  alitfamfn  the  disease 
usoally  take*  itnt;in  in  the  appentlit  or  cecum,  about  which  swellitkKS  form,  which  may  be 
eiinfuhvii  with  carctnuiiu,  hut  which  ai  la»t  icften  with  the  clischnrge  of  put,  SiouH&  upcD 
cither  upon  the  skin  or  into  the  intesliites  or  bladder 

The  atria  of  infection,  the  ay  mptDrtia.  and  the  course  of  uclinoinycons  were  nudlcd 
by  Ismcl  uinier  the  sulMiivisioiis :  |i|  flead  niwl  neck;  (2)chesl:  (jy  abdomen  ;  (4) 
brain  -,  ;ind  ( $  )  the  skin.  Allhoni^h  the  actinumyccie<i  have  not  been  studied  in  their  naturn] 
habitat  outside  ihe  hud^,  it  is  known  thui  infeiiiun  usually  occurs  a«  a  n-iuli  of  rnnian  with 
varimi!!  gmins.  Infection  of  the  strut  ture»  of  the  head  and  neck  take*  eniraocc  through  the 
iiKHiih  and  thmai.  The  uld  noiiun  that  those  engaged  in  the  care  of  acti i on ny colic  animals 
furnish  the  chief  contingent  of  cases  i*  now  no  longer  tetutble,  althongh  it  is  undi>putcd  tluit 
MMiie  easei  uf  the  di»ca>e  give  this  biitory.  The  majority  of  ca»C3  are  infected  by  contact 
with  infected  grain.  A  mnst  sirikinj;  ilUiscnitive  instance  is  that  of  Bertha,  in  which  tbe 
discoK  liKjk  origin  in  a  wound  yf  Ihc  ponlt-jior  wall  of  the  ^iharynx.  In  Ihc  wound  was 
found  a  gmin  covered  with  acltnomyces,  which  was  stickins  in  the  wound.  A  number  of 
pLalieiiln  have  totitied  thjl  they  were  in  tlie  habit  of  chewing  the  gtaitu  or  Utc  Mraw  of 
wheat,  barley,  or  other  cereals,  in  the  Leipzy;  Wtliiilo^cal  Iitsliltitc  a  case  of  piilmnnary 
aclinumycotis  examined  po<it-inorTem  wa*' carefully  stiiilietl  and  a  gniia  found  in  the  luog- 
csviiy.  It  was  supposed  to  have  been  aspirated  into  the  lun){.  The  cases  of  intestinal 
■ctiiiomycosia  are  tlvou|{ht  to  be  caused  by  ^waUawed  bocieria. 

Tlie  alrium  of  infection  in  the  Taciocervical  form  of  the  dttteaiie  lit  often  a  decayed  loolh, 
in  which  an  inferled  gnin  hns  orrn^ioitallv  been  found  The  papillx  of  the  (on|^«  aiid 
the  follicles  of  lbc  limMl  are  eicellenl  saccules  for  ihe  retention  of  ihe  infection  bcarini; 
IwhIv.  Iii[ccie«l  meat,  eilhcr  raw  or  imperfectly  cw>ked.  ha.s  been  suspected  of  bearing  the 
ducajc.  Ihe  well-reci>i;ni«ed  cases  of  primary  cutaneous  actinotnyiTtfMx  are  produced  by 
contacl'infeclion  from  t*erm-lailen  ohjccls.  Actinomycotic  pus  is  ihouKht  to  be  a  poutible 
Dicdhim  of  infection.     Hence  ib«  surgeon  shotUd  carefully  destroy  tlie  infected  drefi5Jng& 


and  gaurA  ■ay  smtll  and  oiherwiK  ioMgnlftcMit  wound*  upon  Ui«  tktn  of  the  patienl  or 
upuii  his  own  band.*. 

A1ll>i'iif;)i  ih(!  itifrciioii  atrium  in  llic  facioccrvical  form  of  aciinomycosii  is,  ns  de^cribrd, 
a  caxious  tooth,  a  crvpt  i>{  the  ion_-.ils.  a  fold  of  niiiLim.t  mi-iiibritni;,  u  wouiitl  '}t  an  ulcer, 
direct  etiiicncr  ^f  the  mode  vf  eniry  u^-ually  disjpijcar*  cnrly  in  tt»e  courw;  ol  itte  discaw. 
Indeed,  1  wound  or  aWi  mav  heal  entirely,  leaving  no  vi»il>Ie  IrKc.  while  aclinomycows  n 
gi.ir|;  on  in  ncighbuu i»k  striidurr*.  Once  the  disevise  is  recognized  ni  the  cheelt  <>i  in  the 
CDniiecTive  ii*iue  "r  skin  of  the  neck,  a  lell-Ulc  baml  ui  >c»r-iij,.uc  caay  guide  the  diagnos- 
lidan  to  tlie  iiifcccJon  atriuiu- 


FiC.  46. — Autinomvtoni  oj  tilt  ^l.eek 
(tllich). 


type  (IllichJ. 


As  actinomycosis  is  essentially  a  cliroric  process,  scar-rormation 
may  obliterate  the  disease  at  sonic  points,  while  at  otJicrs  it  is  active. 
Hence  the  patient  maj'  come  to  the  surgeon  for  an  insignificant  indu* 
ration  upon  the  jaw,  in  the  .skin  of  the  cheek,  or  in  the  .suiK-rficial  cer- 
vical fascia.  The  disease  is  usually  jiainless,  and  mechanical  sij^iis  are 
often  the  only  manifest  phenomena.  If  the  lower  jaw  is  attacked, 
ankylosis,  cither  spasmodic  or  fibrous,  is  usually  present  in  varying 
degrees.  The  disease  in  the  skin,  at  first  showing  induration  only,  is 
soon  characterize*  1  hy  softenitig  at  the  center  of  the  nodular  mass  and 
reddening  of  the  skin.  Illich  cotnjiares  the  api)caiancc  to  that  of  an 
inflamed  sebaceous  cyst.  If  the  flucluatiny  center  is  incised,  the  cliar- 
acteristic  granules  arc  discovered  in  the  detritus  or  pus.  \\'hen  the.se 
infiltrations  occur  over  the  jaw.  they  arc  usually  adherent  t<i  the  bone. 
As  secondary  mi.\ed  infection  almost  always  takes  place  when  the  foci 
arc  opened,  the  constitutional  disturbances  take  tin  the  phenomena 
seen  in  pyogenic  infection.  The  disease  infiltrates  the  skin  progres- 
sively but  irregularly,  throwing  il  intt)  knobs  and  masses  which  arc 
separated  from  one  another  b>'  depressions,  l^sually  a  number  of 
sinuses  discharge  upon  llie  skin  at  different  points. 

The  disease  thus  localized  tnay  terminate  in  recovery,  especially  if 
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surreal  aid  is  extended;  but  it  may  end  fatally  by  extension  to  the 
meninges  of  the  brain  or  to  the  chest-cavity,  by  metastases  to  distant 
viscera,  or  by  secondary  septic  processes. 

Jiirinka  retv>r1«  n  ca»p-  of  lingual  jitiintimycmii,  Krirh  an  imttancr  of  *  pftRriid  lockluB- 
tiofi.  anit  Miiichanil  iwa  examples  of  est>iiha|^ial  actiritimycnMS.  In  one  uf  ihntr  tases  a 
smnll  pc-Koration  of  the  r»o|)hngti«  ntar  (W  cnidin  wu  obscrred,  and  in  the  Dci(bbodwod 
was  an  exlenme  sacculalcd  abKcu  vrilh  ocLuoniycolic  pus. 

The  di.scase.  when  It  involves  the  face  and  neck,  Is  of  .slow  evolu- 
tion. Side  by  side  the  processes  of  destruction  and  proliferation  go  on, 
with  the  result  that  iabyrinthiiie  sinuses,  opening  at  numerous  points 
on  the  slcin,  burrow  in  the  sujierfictal  fascia,  about  the  muscles  of  the 
neck,  and  often  along  the  course  of  the  great  vessels  or  along  the 
maxillary  bones. 

The  pulmonary  localization  of  the  di.sea.se,  thought  to  be  instituted 
by  the  inhalation  of  tlic  infectious  agent,  is  regarded  as  the  gravest 
form  of  actinomycosis. 

lIHcli,  dflcr  an  rxhauhtivr  Muilyuf  tlic  IJlcnituir  in  1893,  cited  only  twocaM^nf  recomy 
in  pulmonnry  act  i  no  mycosis.  The  liitjh  morialiiy  he  thinks  due  to  the  ituircc^isibility  ot  the 
disciisc.  1)U1  in'>r«  <T:«f»ccin11y  In  ihc  fact  Ihnt  il  >((mi(ls  so  i;jilirn>iv<rly,  n«l  "n!y  ihrough  tbt 
lun|>-iissiif  but  ihniuKh  [he  (ileum,  the  periplL-ural  tifuue,  and  into  ihe  m-i(;liborinjj  bones. 
Sinuse.^  op«(iine  in  various  direclionji  arc  Itkcly  to  funn,  and  surgical  proceduics,  allbouitb 
proptMly  indicated,  tire  likely  to  be  of  no  avail,  from  (he  fiaci  iliat  all  foci  of  diMstse  canmii 
be  reacheil  .itk)  exiiqyitt-d.  The  ditfnM*  in  ihi<  iiiiuMion  simnlnte*  UihercuWtit  pulmonum 
very  closely  i"  a  tUniiul  way  as  well  as  tii  its  pmsa  anatomitul  piiigre*^  (lliitJi).  Kicept 
where  thf*  disrav — frciiicnily  locatr-rl  in  ihif  Inwf-r  lohc  of  the  Iung^-<le»tfoy*  life  bv  »<»*ne 
paCholojncal  cuta^ln^phe,  as  by  lapiuie  lliruiiv;h  the  dinphnt^ui.  li  is  likely  lu  kill  by  ex- 
hau&ciiiti  and  ^rpti('  inlitxii.'atioti  due  to  niistn)  itil'eclion. 

Abdominal  actinomycosis  is  thought  to  take  ori(^n  in  ingested 

bacteria,  to  the  localization  of  which  no  part  of  tlie  gastro-jntestinal 
tube  is  immune ;  but  those  parts  of  the  intestine  which  are  pchstalti- 
cally  least  active  are  most  likely  to  be  affected.  This  is  especially  true 
of  the  cecum,  actinomycotic  inflammation  of  which  simulates  recurring 
attacks  of  appendicitis.  Abiloniinal  aclinomyco.sis,  localtzecl  in  .struct- 
ures of  wiilely  varying  anatomical  peculiarities,  gives  rise  to  a  wide 
range  of  symptoms.  "  There  arc,"  says  lllich,  "  cases  which  point  to 
disease  of  the  iliopsoas  muscle,  others  where  abdominal  pains,  some- 
times vague,  sometimes  localized,  or  cramps,  colic-like  attacks,  and 
vomiting  occur.  All  sorts  of  disturbances  of  defecation  have  been 
observed,  even  to  teucsjnus,  with  discharge  of  mucus."  In  general, 
these  var>'ing  symptoms  are  associated  witli  the  occurrence  of  an  ab- 
dominal induration.  An  infiltration  may  extend  outward  from  within 
until  it  involves  the  skin,  and  a  diagnosis  Is  made  upon  the  discovery 
of  the  actinomycetes  in  the  discharge.  The  pathogenic  organism  may 
be  discJiarged  by  the  rectum  or  the  bladder.  The  greatest  difficult)* 
in  treatment  is  encountered  when  the  disease  involves  branches  of  the 
portal  vein,  since  actinomycotic  liver-abscesses  are  then  likely  to  make 
their  appearance  and  to  dominate  the  symptomato]ng>-  of  the  disease. 
Nevertheless,  a  number  of  cured  cases  of  the  abdominal  form  of  actiu- 
omyco.sis  are  now  on  record.  These  cases  are  sometimes  instances 
of  spontaneous  recovery ;  sometimes  are  due  to  a  combination  of 
medical  and  surgical  methods  of  treatment. 

Actinomycotic  disease  of  the  female  generative  organs  has  been 
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reported,  but  is  usually  secondary  to  disease  originating  la  other  parts 
of  the  abdoniL'ii.  Rarer  localizations  of  the  disease  ;ire  the  middle  ear. 
the  larynx,  the  mammary  glands,  and  the  Ucrimal  ducts.  An  interest- 
ing though  very  rare  manifestation  is  the  "  paravertebral  jjhlegmon," 
of  wliich  the  exact  primary  origin  is  not  often  known.  Usually,  in 
connection  with  other  foci,  a  large  collection  of  pus  is  found  along 
the  front  and  sides  of  the  vertebral  column^  witli  erosion  or  osteophytic 
enlargement  of  the  vertebr.-E.     Ankylosis  may  occur. 

Actinomycosis  is  capable  of  dissemination  through  t!ie  system  in 
the  guise  of  pyemia.  Secondary  actinomycotic  foci  may  then  be  fnimd 
in  the  mo.st  widely  separated  viscera. 

Benda  reports  two  interesting  cases  of  metastatic  actinomycosis.  In 
the  first  case  a  disease  focus  upon  the  [jcricardium  of  the  right  heart 
broke  through  the  wall  of  the  coronary  vein  and  thus  obtained  access 
to  the  general  circulation.  In  the  second  case  tlu*  liiseasi.-  began  in 
the  vermiform  .qipcndiK  and  displayed  meUstasis  in  the  liver, 

In  the  diagnosis  of  the  disease,  it  is  essentia!  to  bear  in  mind  the 
clinical  characteristics  already  portrayed;  but  these  alone  arc  not  .suf- 
ficient to  distinguish  it  from  various  forms  of  the  other  infectious  granu- 
lomatous diseases — e.  g.,  tuberculosis,  syphilis,  etc.  The  cutaneous 
form  of  the  disease,  by  its  irregularly  nodular  indurations,  is  sugges- 
tively characterized;  but  even  here  we  seek  other  signs.  The  crucial 
test  of  the  disease  is  fortunately  applicable  in  the  great  majority  of 
cases  of  the  disease — viz.,  the  discovery  of  the  micro-organism,  the 
peculiar  yellow  bodies  floating  in  the  pus.  These  masses  should  be 
examined  carefully  with  the  microscope,  since  granules  of  tubercular 
detritus  sometimes  simulate  them  in  gross  appearance.  The  nodule  is 
placed  on  a  glass  slide,  a  cover-slip  is  laid  over  it.  and  a  little  pressure 
applied  to  the  cover-slip  crushes  the  body.  The  radiating  clubbed 
filaments  may  then  be  recognized.  Further  investigation  has  shown 
that  clubbing  is  not  frequent  in  human  actinomycosis.  The  diagnosis, 
therefore,  should  rest  on  finding  filaments  which  branch  irregularly 
after  the  granules  have  been  teased  and  stained  by  Gram's  method. 
The  branching  disli?iguishes  the  aclinomycetes  from  organisms  classed 
umier  the  hciiding  nf  li-ptnthn^c  buccalts. 

The  localizeti  forms  of  tuberculosis,  especially  in  the  skin,  arc  best 
distinguished  from  actinomycosis  by  the  bacterio.scopic  finding.s.  But 
the  fact  that  in  tuberculosis  the  regional  lymphatic  gland.s  are  often 
affected,  while  the  actinomyces  does  not  tend  to  disseminate  itself  in 
this  way.  should  aid  the  diagnostician. 

Carcinoma  of  the  tongue  is  situated  usually  near  the  base,  while 
actinomycosis  is  localized  near  the  tip.  Resides  this,  the  lancinating 
pain,  the  tenderness,  the  tendency  to  ulceration,  and  especially  the 
glandular  infiltration,  aid  in  the  distinction.  Syphilis  is  to  be  excluded 
by  the  collateral  evidences  of  the  disease  and  by  therapeutic  adjuvants. 
Actinomycosis  of  the  lungs  simulates  tuberculosis  so  closely  that  a 
distinction  without  microscopical  evidence  is  imposMble.  Usually  the 
disease  attacks  the  lower  Iolx;s  of  the  organs,  and  sinuses  leading  to 
the  skin  are  formed,  The  granules  discovered  in  the  pus  arc  then  of 
decisive  value. 
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It  is  equally  essential  in  the  diagnosis  of  the  abdominal  form  to  find 
the  actinomyces  in  the  pus  before  reaching  a  diagnosis  as  to  the  cause 
of  the  easily  discovered  induration  (Koranyi). 

Treatment. — Actinomycosis  in  cattle  is  to  a  considerable  degree 
amenable  to  internal  medication  by  potassium  iodid,  suggested  in  1885 
by  Thomassen  of  Utrecht  for  that  disease  when  localized  in  the  tongue. 
Eighty  cases  treated  by  him  were  all  cured.  Norgaard,  of  our  Bureau 
of  Animal  Industry,  first  applied  the  remedy  in  the  treatment  of  actino- 
mycosis of  the  jaw,  and  with  success.  Of  185  affected  animals  pur- 
chased by  the  Bureau  of  Animal  Industry,  131  were  cured  by  this 
drug.  "  In  most  of  these  cases,"  says  Dr.  Salmon,  "  after  treatment 
was  finished,  there  was  only  a  bunch  of  fibrous  tissue  to  show  where 
the  tumor  had  been."  To  these  animals  only  i^  to  i\  drams  (6  to 
10  gm.)  per  day  were  administered.  lodism  appeared  in  the  course 
of  a  week  or  ten  days.  The  treatment  was  then  suspended  for  a 
few  days,  to  be  again  renewed  for  a  time.  Cures  have  often  been 
effected  in  two  weeks,  but  usually  treatment  is  required  for  twice  that 
period. 

In  man,  a  variety  of  remedies  were  vaunted  before  potassium  iodid 
gained  its  present  therapeutic  status.  Corrosive-sublimate  injections 
(Albert),  tuberculin  (Billroth),  carbolic  acid  and  glycerin  with  methyl 
violet  (Raffa),  and  silver-nitrate  sticks  introduced  into  the  sinuses 
(Kottnitz)  have  all  been  used,  according  to  Jurinka,  with  more  or  less 
success.  A  long  list  of  cases  treated,  and  for  the  most  part  cured,  by 
potassium  iodid  is  cited  by  the  last-named  author.  The  dose  as  used 
by  Buzzi  and  Galli-Valerio  was  30  gr.  (2  gm.)  daily,  the  treatment 
being  continued  for  two  months.  Netter  began  wHth  a  dose  of  90  gr. 
(6  gm.)  daily,  then  diminished  to  15  gr.  (1  gm.),  which  was  continued 
until  in  one  month  a  cure  was  effected. 

The  experiments  of  Jurinka  upon  the  ray-fungus  in  vitro  do  not 
indicate  a  direct  bactericidal  action  on  tlie  part  of  the  drug ;  but  his 
finding  of  iodin  compounds  in  the  pus  of  patients  taking  the  drug 
proves  that  it  has  abundant  opportunity  to  reach  the  seat  of  disease. 
It  is  believed  that  it  acts  by  increasing  local  tissue-reaction.  Wolflcr, 
in  whose  clinic  Jurinka  conducted  his  studies,  appends  a  note  to  the 
article  of  his  pupil,  in  which  he  further  commends  the  use  of  the  iodid 
and  adds  another  case  to  the  list  of  cures. 

We  must  admit  that  this  treatment  is  to  be  tried  persistently  in  all 
the  inaccessible  forms  of  the  disease,  and  tentatively  in  its  more  super- 
ficial manifestations  ;  but  adverse  reports  of  cases  in  which  the  drug 
was  tried  witliout  success  are  not  wanting.  The  failures  are  in  many 
cases  doubtless  due  to  the  extent  of  the  disease,  to  the  virulence  of 
the  infection,  to  a  secondary  mixed  infection,  or  to  an  inherent  lack 
of  resistance  on  the  part  of  the  individual  attacked.  It  is  possible  that 
there  are  several  varieties  of  the  cladothrix  grouped  under  the  title 
actinomyces.  which  have  different  degrees  of  invasive  activity  and  vary- 
ing powers  of  resistance  to  the  action  of  potassium  iodid  and  the 
granulation-tissue  proliferation  which  tlie  disease  excites.  These  ques- 
tions are  for  the  future  to  decide.  The  writer  observed  one  case  of 
the  faciocervical  type  in  which  the  drug  liad  no  visible  effect. 


Acr/,vo.ifvcos/s. 


207 


I 


ST,  set.  rir.  tirty-rirr  yc*t^i  lopKr,  nntircd  ■  nrrlling  imtlrr  ihr  K-fl  inff^rior  mix- 
in  the  r«){toii  of  the  •ubmaxilUiv  glmiil.  A  tii.'utiM  extracted  the  ttccuod  left 
lower  rooliir  tooth,  whkli  WBi  caiioiiti.  No  relief  followrd  ihi*  Mirritiix.  The  Hwclling 
continue*]  lo  iiKrrease  very  slowly  for  four  or  live  months  when  the  patient  was  referred  to 
me  by  l*r.  Byron  Rohmwin.  Al  lliitl  (imp  ilir  nwrlling  wns  about  thr  siie  ol'  a  hen's  egg 
anil  wan  adherent  to  the  infcriiH  RUixilin,  ov<?r  which  it  wa«  immuvahlc.  Tlie  jtwirlWiig  wiu 
hard,  (liffofic,  and  iruli^tinctty  nulliiicd.  The  skin  dvci  thfr  mosfi  was  adherent,  L-ii[>c(:ially 
over  the  nw«t  prominent  part  of  ihe  tumor,  when?  two  sinuu-s  opened.  The  sktrt  dImiik 
the»  opcninKs  was  bluish  in  colvr  itnd  ihin,  and  from  the  MQuact  wa»  di*rL-har);ed  a  thin 
tcnin-like  pus  which  ciinluin«l.  here  and  Iherr,  the  c  ha  nit  (eristic  granule!)  of  aciinomyt'rl^x 
When  lite  patient  was  aimlhctLicd  and  the  skin  upcni-d  the  sinuAcs  were  seeD  to  nin  in 
varifui  Hireciionx,  honeycamhing  the  Mipcdicial  fa^'in  and  at  limei  perfimtiing  it.  The  peri- 
utitcuui  of  the  inferior  mnxilU  wan  n(l«ckc<l,  and  al  |K>inlii  the  hone  was  denuded.  No 
lymphatic  glantU  had  been  aiiackcd.  The  opeiaiiiin  wa!>  iherefort;  Umiteii  lu  a  thorough 
curetting  and  carerul  exrisinn  of  nil  inferled  1ag«  of  (issue  with  ihe  scissors.  Iodoform* 
Ksuie  packini;  wa«  kept  up  carefully  uritU  Hie  wuund  was  ciivncil  with  granulations,  when 
the  patient  went  to  his  home  at  a  distance.  Af\er  an  interval  of  about  three  months, 
Ihe  [Mlienl  relumed,  and  staled  that  the  dis-eav;  was  spreuditig.  Il  was  foutiil  lo  have  ex- 
lenile^l  downward  aIodf;  the  <iiipeTti<:ial  f.iscia  for  about  two  inches,  with  numcraus  pocVeta 
and  blind  sinoset  lined  with  flabby  grantdalionn  secrrling  a  thin  pu>,  wliith  contninv^l,  as 
before,  the  aetinomyces- kernels.  The  parts  were  again  ihoniughly  euretled,  and  diseased 
tisMies  clipped  out  with  !tci»ori.  The  patient  went  bomc,  and  in  about  five  months 
■gain  retunied  with  a  recurrence.  Thi.s  time  il  wa«  decided  to  u[>erate  radically.  With 
Ihis  end  in  view,  the  tissues  were  thoroughly  opt-ncd  and  all  invaded  port*  rxptwed.  A 
dis*n'li'in  wan  nude  as  carefully  n<  |Hi%sjble,  ahnosi  as  exlctisively  at>  for  malignant  disea!«, 
ihc  iii<.i«ii>n  tTxlcodtiig  a1moM  to  the  clavicle  bclftw.  The  inferior  maxilla,  which  had  been 
curctlcd  at  the  >«t:uiid  operation,  wiis  at  thii  time  found  wj  deeply  invaded  bv  llic  actinoiny- 
cotir  caries  that  it  was  deemed  best  to  partially  reseci  it.  The  rewcted  |x>rl[on  included  all 
Ihat  part  of  the  bunc  extending  frum  llic  oiuine  tooth  to  llie  articulation  uf  llic  k-fl  side. 
I*anicu1ar  carE  was  taken  lo  dissect  out  the  fascia  as  far  as  ihc  disease  cnutd  be  delected. 
The  [Miieni  bore  the  operation  well,  getiing  out  of  hed  on  the  second  day  and  WAlkiitg 
about  the  hiwpital.  His  wound  made  excellent  proRrcss,  healing  throuRh  a  considenible 
esteni  by  (ir«[  intention.  .\  sinus,  however,  rrmninn:!,  and  eventually  began  diu:lia();tng 
actiniiroycrs  granules.  Althi^litne  |H>t.iv>iuiii  imlid  was  given  in  increaMiig  doses  for  >evcm1 
weeks  until  itidism  was  induced.  N>1  effect  on  the  disease  via^  visible  at  any  lime.  The 
uatictit  relumed  lo  his  home  ami  began  a  systcinaiic  course  of  drinking,  and  afier  finir  or 
five  months  died  of  a  basal  meningitis. 

Betides  Ihe  fact  that  poUs»ium  lodid  wa»  (nnnd  of  no  as-sil,  thti  coie  i»  inteicctiiig 
because  of  the  great  resistance  of  the  infectioti  to  operative  pracedores. 


Licblcin  has  gathered  rcpoits  of  98  cases  in  which  potassium  iodid 
was  used.  Ill  63  cases  only  pliarmacal  treatment  was  applied,  and  of 
tlicsc  42  were  healed,  ij  being  itpjiarcinly  permanently  cured.  In  the 
remaining  cases  t!jc  drug  .'teemed  to  be  of  varying  value. 

We  know  that  the  dist?ase  of  Mil-  faciocen'ical  type  is  usually  amen- 
able to  the  simpler  surgical  proccdurefi.  The  writer  had  j)r()ved  tin's 
in  the  case  of  a  j'oung  laundrynian  who  had  actinomycosis  of  the 
lower  jaw  near  the  angle  of  the  right  side.  The  origin  of  the  dii^ease 
in  this  case  could  not  be  traced.  Simple  curetting  sufficed  to  effect  a 
jiermaiient  cure. 

Dr.  I-,  I-.  MacArthur  reported  before  the  Chicago  Gynecological 
Society  a  ca.se  of  niammar\'  nt*rinomycosis  in  which  potassium  iodid 
was  of  no  avail,  and  in  which  amputation  had  eventually  tn  be  resorted 
lo. 

The  curious  case  is  now  under  the  observation  of  a  medical  friend 
of  the  writer,  of  a  woman  in  whom  a  numljcr  of  sinuses  have  been 
discharging  actinomycotic  pus  for  more  than  ten  )ears.  Potassium 
iodid  causes  an  entire  cessatiim  tif  the  discharge  of  actinomycotic 
jjranulcs  so  long  as  its  administration  Is  continued ;  hut  when  it  is 
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omitted  for  a  rt'W  days  the  fjranuics  reappear.  Thus  the  drug  succeeds 
here  in  only  checkiiij^  the  disease,  but  does  rot  cure  it. 

Jurinka  calls  attention  to  the  occasional  recurrence  of  the  disease 
aC\er  a  .superficial  healing  has  been  brouj^ht  about  by  the  iodid.  This 
recrudescence  may  necessitate  a  return  to  the  drug.  It  should  be 
mentioned  that  Unifier  frequently  uses  applications  wet  with  potas- 
sium-iodid  solution  as  a  local  adjuvant  to  the  internal  treatment  with 
the  same  agent. 

We  should  begin  the  treatment  of  actinomycosis,  then,  in  all  acces- 
sible forms  of  the  disease  by  the  simpler  surgical  procedures,  regarding 
the  process  not  as  a  malignant  one,  but  as  a  malady  which  under 
favorable  conditions  can  be  overcome  by  the  tissues.  Potassium  iodid 
is  to  be  employed  as  an  adjuvant  in  these  cases,  and  as  an  independently 
curative  agent  in  the  inaccessible  forms  of  the  disease.  In  those  fornns 
of  the  disease  in  which  the  proce.ss  has  gone  too  far  for  successful 
extirpation,  the  surgeon  should  open  all  accessible  collections  of  actino- 
mycotic pus,  split  such  fistula:  as  can  be  reached,  scraping  away  the 
detritus,  and,  while  coiuinuini^  daily  irrigations  with  suitable  antiseptics, 
administer  tonics  and  {>ota.s.sium  iodid. 


MADURA-FOOT. 

Madura-foot  is  a  disease  of  the  foot  observed  most  frequently,  thougl 
not  e.\clusively,  in  tropical  and  -subtropical  countries.     Recognized  a.s  a 

distinct  disease  but  a  few 
years  ago,  and  occurring 
but  rarely  under  the  obser- 
vation of  competent  pa- 
thologists, madura-foot  is 
as  yet  an  imperfectly  stud- 
ied disease.  That  it  is 
caused  by  bacteria  and,  in 
all  probability,  by  the 
Streptothrix  madura  (Vin- 
cent), is  scarcely  to  be 
doubted.  This  micro-or- 
ganism, thought  by  many 
to  be  a  form  of  acttno- 
myccs,  is  doubtless  nearly 
related  to  that  cladothnx^ 
but.  according  to  the  most 
recent  researches,  does  not 
.seem  to  be  identical  with 
it.  We  again  refer  the 
reader  for  details  to  thfr 
chapter  on  Bacteriology*. 


Fto,  48. —  Milcliir  I  (.  I.  t  III  (iivcdoma  (mrlAiimd  vnn- 
«ly),  Poflinn  of  .UTiiJLiLi-.Lil  pnrt,  »howinK  g«fii«al  ap- 
pcoiaiivo  ot  (h«  IcNiont  on  »  section  nclL-nding  twick- 
ward  between  two  toes.  Th«  black  eninolc»  Ate  »een 
cmlicdttcd  to  ntyptcal  gnnubillon-fLMUc  (Beach  ond 
Wtii:ht). 


I 

I 


Thr  raorWd  anatomy  of  [he  diwase  isclnHy  elucidated  1iy  I'nllnnf  ami  \n  VitKcnt. 
In  Ihe  !*>ft  pixiu  nf  a  vinrcimen  examined  by  Paliouf  were  ruincniu*  vnaX)  ohscciscs  con- 
taining pu*  in  which  were  scattered  qunntilie^^  of  ifranules  of  iHti's-hcad  mmt  and  nnallcTv 
Uy  suck  ubKcsacs  the  wft  parts  ap^icarcd  leponiicd  from  the  carioiu  and  porotic  huocw 
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PUUar  called  atlcDtion  to  the  Tact  Chat  in  AcliQOm>xi>s»  proUr«nUioR  and  Mt«o})hj>(e-fuR]U- 
tian  an!  tibservcd. 

In  ViiKenf*  co»e.  nunnlitiw  of  ovoW  and  globular  whitisli-yellow  granuleiwcrc  dis* 
cfaar|>cd.  IhcMT  (jnniulo  wcfc  ciim- 
poacd  of  mjrcdia  closely  iiitt^rwovcn. 
Thoctnaacs  of  mycclia  w<:tc  fi^und  in 
the  titMKX  at  ihe  cciiccni  of  vasi:iLlnmt.-d 
lubcidc-likt  iiuduks  whith  were  fuund 
|[n)ii|MKl  iiigrlhrr  vtry  fri-iiuciilly.  'the 
>kio  uvci  suub  (nassc>i  wa«  atTi>]>hic. 
About  the  noduW  wf  iiiyirlia,  a  win- 
nKtlvc-tuM»c  reaction  had  laktn  place 
i<i|[cther  with  leukocytic  iiilillratiun 
and  tibrinoas  inftltnttinn.  No  caKS- 
tion  cbntificB  were  icen. 


r 


"^ 


Dr.  James  li.  \Vrij;ht  de- 
scribes the  parts  removed  by 
Dr.  11.  H.  A.  Ucach  from  the 
foot  of  an  Italiaii  wuituin  suf- 
fering from  this  disease,  as  fol- 
lows :  ••  The  dissection  of  the 
amputated  part  showed  the  fol- 
lowing conditions :  In  the  soft 
tissues  of  the  plantar  surface 
of  the  foot,  near  the  tarso- 
metatarsal articulations  and 
immediately  l)encath  the  skin,  was  a  pigeon's-egg- sized  ovoid  turaor- 
mass,  sharply  defined  from  the  surrounding  tissue  by  a  faintly  indicated 


Fii;  45,— Same  case  as  Fig.  48,  showing  out- 
growth or  fungus  filamentt  frtim  one  of  the  hUck 
granulri,  l^w  mugnifjring  power  (Beach  and 
Wrigtii). 


.  \ 


i 


FW.  50L— Same  com  m  Fig.  49.  Two 
bouillon  culture*  ol  the  Aiuicui.  xhowinx  ll>e 
(jDndef-iiuff  a|)i>earance  o(  the  crowili.  In 
one  the  black  granule  is  >cen  in  Utc  center  uf 
the  maas  of  ftlamrala  (Ileach  and  Wrighl). 


I /.-••. 


tf*'^ 


k- 


■^ 


FIR.  St.— Some  caie  as  Fig.  48.  Section 
ahowinK  a  granule  with  kurruaniltng  giant 
ccUa  (BcAch  and  Wright). 


connective-tissue  capsule.    This  mass  on  section  consisted  of  a  soft,  in 
places  gelatinous,  myxomatous- looking  tissue,  traversed  by  a  reticulum, 

14 
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which  divided  it  into  ill-defined  small  areas,  and  in  these  areas  small, 
black,  irregular  granules  like  gunpowder  grains  were  present.  These 
grains  occurred  singly  and  in  groups.  The  tumor-mass  in  one  or  two 
places  also  presented  opaque  yellow  areas.  Two  other  similar  nodules 
of  small  size  were  also  found.  One  was  situated  in  the  soft  tissues  of 
the  dorsum  of  the  foot,  near  the  base  of  the  second  and  third  toes,  the 
other  in  the  soft  tissues  of  the  first  phalanx  of  the  second  toe.  The 
larger  of  these  nodules  was  of  about  the  size  of  a  pea.  The  bones 
were  not  involved." 

Symptoms. — The  disease  begins  either  upon  the  plantar  or  dorsal 
surface  of  the  foot,  and  gives  rise  to  a  painless  difliise  swelling  of  its  soft 
coverings.  Hard  nodules  appear,  but  later  soften,  break  down,  and  dis- 
charge upon  the  skin  a  pus  containing  granules  of  the  mycelia  already 
mentioned.  In  certain  cases  attended  with  pain  these  swellings  remain 
hard. 

Two  forms  of  the  disease  arc  clinically  distinguished — that  in  which 
the  granules  are  black,  and  that  in  which  they  are  white.  The  disease 
is  of  slow  evolution.  The  leg  involved  becomes  atrophied,  weak,  and 
useless.  Death  occurs  as  a  result  of  exhaustion,  or  of  complications 
which  are  only  indirectly  the  result  of  the  primary  disease. 

The  treatment  thus  far  employed  successfully  is  amputation. 

THE  BITES  OF  SERPENTS. 

The  wounds  inflicted  by  the  fangs  of  non-poisonous  serpents  give 
rise  to  no  more  di.sturbance,  local  or  systemic,  than  is  observed  from 
ordinary  wounds  inflicted  by  unclean  instruments.  The  bites  of  poison- 
ous serpents  are  more  or  less  dangerous  owing  to  the  injection  of  toxic 
substances  at  the  moment  the  injury  is  inflicted. 

Varieties  of  Serpents.— Of  the  1500  or  1800  species  of  snakes 
(ophidia),  there  are  five  kinds,  if  we  divide  them  according  to  their 
mode  of  life  and  habitat:  (1)  burrowing  snakes,  living  chiefly  under- 
ground, non-poisonous;  (2)  ground  snakes,  chiefly  non-poisonous  ;  (3) 
trce-snakcs,  some  of  which  are  poisonous,  while  others  are  non-poison- 
ous ;  (4)  fresh-water  snakes,  almost  all  non-poisonous ;  (5)  sea-snakes, 
which  do  not  leave  the  water  and  are  poisonous.  Serpents  exist  in 
greater  variety  and  numbers  as  we  approach  the  tropics. 

Of  the  venomous  serpents,  the  various  members  of  the  Naja  genus — 
the  cobras — are  much  dreaded  in  India  and  Africa.  The  mortality  from 
snake-bites  in  India  is  very  high.  In  the  province  of  Burdwan,  with  a 
population  of  six  millions,  more  than  one  thousand  deaths  occurred 
annually  for  nine  years.  Of  course,  there  are  other  venomous  serpents 
in  India,  which  are  partly  responsible  for  this  death-rate.  Tropical 
America  has  a  genus  of  especially  venomous  serpents  in  the  pit-vipers. 
Smaller  members  of  the  same  genus  arc  found  in  the  temperate  zone 
of  North  America.  Of  the.sc  there  are  two  sjx-'cies,  the  copper-head 
and  crater-moccasin.  The  rattle-snakes,  members  of  the  pit-viper 
family,  are  found  exclusively  in  America.  The  large  family  of  vipers, 
including  the  asps,  are  the  chief  venomous  serpents  of  Europe. 

All  venomous  serjients  possess  especially  differentiated  poison-fangs, 
which  are  situated  at  the  roof  of  the  mouth.     At  the  base  of  the  fangs 
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re  venom- elaboraling  glands  with  sacs  for  containing  a  supply  of  the 
poison.     When  the  animal  strikes,  the  fangs  take  a  position  perpen- 
dicular to  the  edge  of  the  jaw,  the  tooth  penetrates  the  tissues  of  the 
.victim,  and  at  thai  moment  the  venom  is  injected  into  the  subcutaneous 
'tissue  througli  a  small  canal  iti  the  ]>oison-fatig. 

SymptoniS. — The  action  of  i!ie  jjoison  is  thus  sudden  ami  itvcr- 

poweriiit^  in  proportion  to  the  quantity  of  the  poison  and  its  deadly 

quah'ty.     When  a  vein  is  penetrated,  the  effect  is  esjiecially  sudden 

and  violent     Serpents'  venom  brings  about  a  painful  swelling  at  the 

[site  of  injury,  coagulation  of  blood,  and  consequent  thrombosis  of 

[blood-vessels.      The    general    symptoms    are    collapse,  more    or    less 

[complele,  convulsive  conlractions,  and  vomiting.     Gangrene  or  anes- 

[ihesia    is    occasionally    noted.       Death    usually    occurs    in    the    first 

>rt)'-eight  hours.     If  the  patient  survives  this   period,  he   is  likely 

recover. 

The  local  treatment  of  jwisoning  by  snake-bites,  when  the  injury 
^occurs  ui3on  ihc  e.vlrcmilies,  consists  in  tlie  immediate  constriction  of 
the  limb  ami  the  free  incision  of  the  skin  about  the  wound  to  allow  the 
escaj>ing  blnoti  ami  lymph  to  wash  out  the  venom.  This  may  be  aided 
by  sucking  the  wound,  a  procedure  which  is  not  dangerous  unless 
wounds  of  the  mouth  exist.  Injections  of  chemical  antidotes  may  be 
employed  if  they  are  at  hand ;  but  it  is  useless  to  apply  them  if  c\'i- 
dcnces  of  systemic  poisoning  indicate  that  the  dissemination  has  already 
begun.  Of  the  chemicals  employcti,  potassium  [jennatiganate  in  5  per 
cent,  solution  in  water  ts  the  best  as  yet  known,  Two  to  three  drams 
of  the  solution  should  be  used  in  the  tissues  about  the  wound.  Other 
substances  are  in  use  for  injections — especially  sodium  !i>-poch!orile, 
chromic  acid,  and  chlorin  water. 

The  systemic  treatment  by  the  use  of  antrvenomous  scrum  has  been 
proposed  by  Calmettc,  whose  success  in  the  production  of  immunity 
by  injecting  successively  larger  doses  of  poison  into  susceptible  animals 
is  well-known.  He  has  successfully  treated  poisoned  animals  which 
had  not  been  previously  immunized,  by  the  injection  of  the  serum  of 
protected  animals.  Fraser  has  dried  the  .serum  of  immunized  ani- 
mals, and  finds  its  qualities  unimpaired  by  dr\*ing  and  storing.  Prac- 
tical applications  of  this  method  in  actual  cases  have  not  as  yet  been 
made  often  enough  to  give  definite  data  as  to  its  value. 

H.  P.  Kealinge'  reports  a  case  of  snake-bite  treated  by  antivenenc 
serum.  A  child  was  bitten  on  the  forearm  by  an  Egyptian  cobra  ;  she 
alnicst  instantly  becami;  unconscious.  The  village  lwri>cr  made  several 
incisions  on  the  arm  and  forearm.  When  brought  to  the  hospital  she 
was  cold  and  collapsed,  pulseless,  with  rambling  delirium.  It  was 
found  that  the  forearm  Itad  been  coated  with  Nile  mud.  which  is  a 
favorite  native  remedy;  three  inches  below  the  bend  of  the  elbow  two 
distinct  holes  were  seen  passing  through  the  skin  and  corresponding 
to  the  fangs  of  the  serijent.  It  was  noted  that  the  pupillary  reflexes 
were  absent;  the  pupils  were  moderately  dilated.  The  child  became 
comatose.  32oni  (20  c.c.)  of  antivenenc  serum  were  injected  under  the 
lominal  skin.  In  four  hours  her  condition  was  distinctly  improved. 
l6oin  (10  C.C.J  of  the  antivenenc  serum  were  again  injected.     She  tlien 
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slept  during  the  night,  and  the  next  morning  was  notably  better.     The 
serum  used  was  Calmette's  antivenene  scrum. 

Strychnin,  ammonia,  and  alcohol  are  used  to  overcome  the  depres- 
sion caused  by  the  poison.  The  practice  of  inducing  intoxication  by 
the  use  of  large  quantities  of  whiskey  is  to  be  condemned. 

INSECT-BTTES. 

The  bites  and  stings  of  many  insects  are  painful  and  annoying  only 
to  a  degree  corresponding  to  the  traumatism  inflicted.  In  the  case  of 
mosquitoes,  bees,  hornets,  tarantulas,  ordinary  spiders,  etc.,  poisons  are 
usually  introduced  into  the  wounds  inflicted,  and  cause  a  dispropor- 
tionate wound-reaction. 

Symptoms. — Within  a  few  minutes,  in  the  case  of  persons  sus- 
ceptible to  the  action  of  these  poisons,  swelling  takes  place  about  the 
point  of  injury,  and  hours  may  pass  before  the  edema  disappears. 
Itching  and  pain  accompany  the  redness  and  swelling.  If  loose  tis- 
sues are  attacked — as  about  the  eyelids — the  swelling  may  be  very 
distressing  in  its  consequences. 

It  is  only  when  the  poison  is  thrown  directly  into  the  circulation 
that  serious  symptoms  follow  a  single  bite  or  sting.  Some  individuals 
are  especially  susceptible  to  this  form  of  poisoning,  and  are  rendered 
ill  by  it ;  while  others  are  not  troubled  even  by  numerous  bites. 
Managers  of  apiaries  are  said  to  acquire  a  well-marked  immunity  to 
the  poison  of  bees,  so  that  the  wounds  cause  them  annoyance  solely 
on  account  of  the  traumatism  produced. 

The  infliction  of  a  large  number  of  bites  or  stings  may  have  serious 
consequences  owing  to  the  quantity  of  poison  introduced ;  indeed, 
deaths  are  known  to  have  occurred  in  not  a  few  instances  from  this 
cause. 

The  nature  of  the  poisons  which  are  introduced  has  been  but  little 
studied.  It  is  supposed,  however,  that,  like  the  poisons  of  the  venom- 
ous serpents,  they  are  of  the  nature  of  Icukomains. 

The  treatment  of  insect-bites  and  stings  is  by  the  application  of 
cooling  lotions  and  the  local  use  of  various  drugs  supposed  to  have  a 
more  direct  action  on  the  poison  and  on  its  pathological  consequences. 
Of  these,  ammonia  and  some  of  its  compounds  are  very  frequently  used. 
Ottinger  recommends  ichthyol,  either  pure  or  mixed  with  an  equal 
quantity  of  lanolin.  Camphor,  camphor- chloral,  and  menthol  are 
recommended. 


CHAPTER    IX 


GANGRENE. 


Classification. — The  Greek  word  ydyypatva,  from  ypdttv,  to 
gnaw,  meant  an  eating  sore,  such  as  pliagcdcna  and  hospital  gangrene, 
but  is  now  a  gcnt-ral  term  for  the  partial  death  of  the  tissues,  espec- 
ially of  the  extremities.  lifdxeU-:,  from  ofdl^ttv,  signified  tlie  process 
ending  in  the  death  of  the  tissue,  bene  l-  "sphacelation  "  is  equivalent  to 
"  mortifieation."  "Sloughing"  is  the  process  of  sejiaratioii  and  exist- 
ing off  the  dead  tissue  from  the  living,  as  a  serpent  sheds  its  epidermis. 

The  immediate  cause  of  the  death  of  a  part  is  the  failure,  whetlier 
partial  or  complete,  oi  the  circulation  througli  the  part.  The  com- 
plete arrest  of  the  circulation  througli  the  skin,  bone,  or  connective 
tissue  for  twelve  hotirs  certainly  causes  death,  and  a  much  shorter 
period  is  sufficient  fur  softer  parts. 

]t  is  impossible  to  distinguish  sharply  the  different  forms  of  gan- 
grene, since  there  is  so  much  interaction  of  the  various  causes.  The 
division  into  dry  and  mmst  gangrene  is  largely  accidental.  Traumatic 
gangrene  cannot  be  separated  from  the  idiopathic  fomi  due  to  disea.se 
in  those  cases  where  the  traumatism  consists  in  inoculating  septic 
organisms,  or  where  a  small  cut  on  the  toe  is  the  exciting  cause  of 
gangrene  owing  to  the  diseased  condition  of  the  patient's  vessels. 

The  lerni  ^•lynatti/' i  ifitftur  is  often  used  »o  as  (o  iiKlude  variouit  kiiiiU  of  gui);rFiie. 
Raynauii  emphaMirtI  ^ymnrlry  and  iiannym^  in  cn»f*  where  nrlrrial  nhslniotinn  i*  atiMrnl. 
But  the  term  Ravnuud's  ^angreDe  i»  souetiuies  applied  to  any  case  of  »viiiiiielncal  gan- 
grme,  atlhimgh  lor  tymmcliy  may  miilt  from  hmrt  raihirr.  Ihmmhosis,  or  sytnniftrical 
arlcnal  Jitraic.  Paroxytiiuil  sjrmplonu  frc«]uently  tuher  in  gsugmK  due  In  artertld  tli»«iue. 
£T«n  Binongvt  the  c«m»  la  which  (he  name  v(  Kaynaud  Is  more  proprily  nuichcd.  Uivre  U 
one  set  in  whkh  anemia  and  cardiac  weBlcnc»  are  alu>  prewnf.  and  anmher  clau  charnc- 
trriird  by  thickened  tortllous  artcnrN  with  high  pulse  Icn^ion  in  comparatively  yuung 
pBUrnt«.  Such  cases  may  be  aiymmcirica!,  conJined  to  one  limh,  and  ilinw  no  panixy^iiw. 
The  Icnn  "tfifH/aMMui"  as  applied  to  cases  of  gaugrcuc  becomes  moce  uud  man 
sosuilablc  aa  the  pathology  of  gan|^ne  i»  betler  known. 

The  predominating  factor  in  gangrene  rs  the  partial  or  complete 
failure  of  the  blood-flow,  and  therefore  in  this  article  the  subject  of 
gangrene  is  considered  according  to  the  most  prominent  and  imme- 
diate cause  of  the  circulatory  failure — viz..  (O  the  impairment  of  the 
general  circulation,  (2)  obstruction  of  the  main  arteries  and  veins, 
(3)  obstruction  of  the  smaller  arteries.  (4)  spasm  of  the  arterioles, 
(5)  obstruction  of  the  capillaries  and  venules. 

There  are  two  practical  considerations  which  control  the  description 
of  gangrene  here  given  ;  first,  the  prevention  of  the  various  form.s  of 
gangrene,  and  second,  the  opportune  removal  of  the  dead  part,  so  as 
In  bring  about  healing  and  siive  life. 

Mortification. — When  a  yait  dies  as  a  whole  and  at  once,  the 
dead  p,^rt  undergoes  the  same  changes  as  docs  the  body  after  death. 
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The  skin  becomes  absolutely  cold,  white,  and  sometimes  marbled  by 
the  stagnant  blood  in  the  superficial  veins.  Rigor  mortis  quickly  sets 
in,  and  passes  off  with  the  onset  of  putrefaction.  On  cutting  into  the 
part,  the  only  blood  which  escapes  comes  from  the  veins ;  the  prox- 
imal ends  of  the  cut  arteries  are  quite  empty,  and  muscle-serum  oozes 
from  the  rigid  muscles.  Swarms  of  bacteria  soon  appear,  the  subse- 
quent putrefactive  changes  being  dependent  upon  the  amount  of  heat 
and  moisture  present.  When  the  limb  is  affected  above  the  wrist  or 
ankle,  and  venous  stagnation  has  preceded  the  absolute  arrest  of  the 
circulation,  the  limb  undergoes  "moist  gangrene" — /.  r.,  those  putre- 
factive changes  which  take  place  in  a  moist  and  warm  atmosphere. 
The  hemoglobin  diffuses  out  and  stains  the  deeper  part  of  the  skin  a 
dusky  brown  which  becomes  more  and  more  green.  A  distinctly  foul 
odor  is  perceived.  The  epidermis  is  easily  detached,  showing  a  green 
dermis  beneath.  Then  patches  of  green  skin  separate  and  come  away 
with  the  least  touch,  exposing  the  muscles  which  arc  seen  to  be  falling 
apart  and  liquefying.  On  the  contrary,  when  the  arterial  circulation 
has  been  arrested  without  impeding  the  venous  return,  the  part  is  com- 
paratively free  from  moisture,  and  in  a  dry  atmosphere  undergoes  "  dry 
gangrene."  This  is  especially  seen  in  the  hands,  feet,  tips  of  the  ears 
and  nose.  The  tissues  shrivel  up  and  become  hard,  like  a  well-pre- 
served mummy,  in  which  the  structure  of  all  the  harder  tissues  remains 
unaltered.  The  cold,  dead-white  or  marbled  limb  begins  to  shrink ; 
the  skin  becomes  hard  and  horn-like,  and  rings  when  struck.  The 
color  changes  to  a  dark  olive-brown,  then  becomes  blackish.  There 
is  little  more  than  a  musty  odor.  When  the  muscles  are  cut  into, 
some  may  be  found  still  containing  moisture  and  of  a  uniform  red ; 
later  on,  these  likewise  shrivel  up,  leaving  homy,  brownish-black 
material.  The  action  of  putrefactive  organisms  is  prevented  by  the 
lack  of  moisture. 

Sloughing  is  the  separation  of  the  dead  part  from  the  living.  In 
this  condition  a  line  of  demarcation  gradually  appears  at  the  margpn 
of  the  living  skin  where  it  borders  on  the  dead.  At  first,  this  line  is 
ill  defined — in  dry  gangrene  on  account  of  the  feeble  circulation  in  the 
living,  and  the  slight  amount  of  putrefaction  in  the  dead,  tissue ;  in 
moist  gangrene  because  the  line  is  irregular,  not  forming  a  circle 
round  the  limb,  but  varying  according  to  whether  cutaneous  arteries 
arc  obstructed  or  patent. 

In  the  dead  part  there  is  an  absence  of  sensation  ;  in  the  living  there 
is  hyperesthesia,  increasing  to  pain  in  the  region  of  the  line  of  sepa- 
ration. A  dead  part  shows  no  capillar}'  circulation  and  is  absolutely 
cold;  in  the  living  there  is  at  least  some  circulation,  so  that  the  skin 
becomes  paler  on  pressure  with  the  finger  and  recovers  some  color  on 
releasing  the  pressure.  When  a  part  is  swollen  and  pits  on  pressure, 
if  the  pitting  remains  after  rela.xing  the  pressure,  the  circulation  is  in- 
sufllicient  and  gangrene  is  threatened;  if  the  pitting  disappears  on 
taking  off  the  finger-pressure,  a  blood-supply  enough  to  maintain  the 
life  of  the  tissues  is  indicated.  The  dead  part  remains  cold ;  the  living 
increases  in  warmth,  especially  in  the  region  of  the  line  of  .demarcation, 
until  a  zone  of  inflammatory  redness  becomes  apparent.  When  gan- 
grene supervenes  on  acute  inflammation,  the  redness  of  the  dying  and 
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dead  tissue  grows  more  dusky  and  docs  not  alter  on  pressure^  the 
color  becomes  bluish,  then  f;rcent3h,  and  a  fetid  odor  is  ;ij>part;iit.  The 
still  living  tissue  remains  brightly  red,  the  redness  diminishing  on  press- 
ure, but  returning  immedi.ituiy  the  pressure  is  taken  olT  The  bright 
tnt1amniator>-  zone  in  the  living  part  fades  away  into  the  healthy  skin 
above.  The  "line  of  dcniarcauon "  appears  at  the  lower  margin  of 
the  living  tissue,  where  a  line  of  pustules  forms  beneath  a  layer  of 
\shitish  epidermis.  On  raising  the  epidermis  and  washing  away  the 
pus,  a  gutter-like  ulcer  is  seen,  which  extends  tlirough  the  skin.  The 
ulcer  encircles  the  limb  and  becomes  gradually  deeper. 

[n  dr)'  gangrene  the  muscles  arc  usually  better  supplied  with  blood 
titan  the  skin,  and  the  bone  better  than  either,  so  ilial  liie  typical  result 
in  dry  gangrene  after  spontaneous  separation  is  a  conical  slump  with 
the  bone  projecting  beyond  the  soft  parts.  In  moist  gangrene  muscles 
may  slough  beneath  intact  skin,  and  the  shaft  of  a  bone  may  undei^o 
necrosis  up  to  the  joint  above. 

Beneath  the  skhi.  vascularity  is  the  indicator  of  the  living  tissue.  The 
living  bleeds  when  cut  into;  the  dead  does  not,  owing  to  septic  throm- 
bosis. The  living  muscle  and  bone  increase  in  vascularity  awing  to 
inflammation  and  ulceration  excited  by  contact  with  the  dead.  Dead 
muscle  breaks  down  into  thin,  foul,  greenish  pus,  the  connective-lis.sue 
sheaths,  fasda,  and  tendon  form  yellowish  or  grayish-white  lough 
sloughs,  the  bone  becomes  white  or  grccntsh-whitc  and  rings  when 
struck. 

The  Effect  of  the  V>y\n%  and  the  Dead  Tissues  on  the  Body  icener- 
ally. — Put  refaction  is  a  process  of  o.viiLilion  ending  in  the  formation 
of  carlK>nic  acid,  water,  and  free  nitrogen.  But  abundance  of  o.\-ygen 
Is  required  to  carry  out  this  process  rapidly.  Wherever  the  oxygen 
from  the  atmosphere  cannot  freely  reach,  the  oxidation  is  relatively 
slower  and  the  number  and  persi.stence  of  intermediary  products  rela- 
tively greater.  Tiicsc  act  locally  on  the  living  tissues  and  set  up  sup- 
puration in  thcin,  from  which  septic  products  enter  the  circulation. 
Proteids  fonn  poisons  containing  nitrogen,  carbon,  and  liydrogen, 
allied  to  the  poisonous  alkaloids  found  in  plants  and  to  the  precursors 
of  urea  and  uric  acid.  The  sulphur  forms  sulphuretted  hydrogen. 
N on- nitrogenous  carbohydrates  and  fats  produce  irritating  acids,  lactic 
acid,  and  other  fatty  acids,  also  poisonous  pa.scs,  such  as  marsh  gas.  In 
the  presence  of  abtmdancc  of  oxj'gen,  such  substances  arc  rendered 
harmless  by  oxidation.  Putrefaction  is  partly  or  wholly  stop]H"d  by 
desiccation,  the  albumins  drjing   up  into  ;i  horny  substance. 

The  body  is  directly  aflfcctcd  by  the  actual  loss  of  the  dead  part 
when  a  hmb  is  suddenly  criLshed  or  the  main  artery  obstructed  by  an 
embolus;  shock  is  then  produced  just  a.s  if  the  Irmb  had  been  ampu- 
tated. 

Absorption  of  the  poisonous  products  from  the  dead  part  ceases 
when  the  circulation  is  am-sted,  and  su  this  Is  only  of  importance  in 
partial  and  .spreading  gangrene.  In  dry  gangrene  there  is  verj'  little 
absorption,  even  although  the  circulation  has  not  quite  stopped,  because 
the  return  circulation  is  so  very  small.  The  drier,  therefore,  the  dead 
tissues  and  the  more  freely  they  arc  exposed  to  the  atmosphere,  the  less 
is  the  Irritation  of  the  living  tissues.     Tlie  more  moist  the  gangrene 
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and  the  less  the  oxygen  penetrates  to  the  decomposing  tissues,  the 
more  dangerous  is  the  poisonous  influence  upon  the  living.  The  local 
reaction  of  the  living  tissues  is  then  marked  by  profuse  ulceration  and 
suppuration,  and  septic  absorption  is  indicated  by  the  general  con- 
dition of  the  patient. 

Partial  and  spreading:  gangrene  causes  much  more  absorption  of 
septic  matter  relative  to  the  extent  of  the  gangrene.  In  partial  gan- 
grene the  return  circulation  brings  back  substances  from  the  djing 
tissue,  and  when  there  are  scattered  patches  of  gangrene  the  area  of 
contact  with  the  living  tissues  is  much  greater.  In  spreading  gangrene 
previously  healthy  tissue  is  being  continuously  invaded,  and  fresh  ab- 
sorption is  originated  at  each  stage.  Moreover,  the  removal  of  the 
dead  part  is  apt  to  be  delayed  or  to  be  incomplete,  owing  to  the  uncer- 
tainty as  to  the  line  of  demarcation. 

Ischemic  Degeneration. — Whenever  the  blood-supply  becomes  in- 
sufficient, the  cells  of  the  skin  and  muscle,  as  well  as  the  blood-cor- 
puscles, exhibit  signs  of  degeneration.  The  change  commences  in  the 
nucleus ;  the  chromatin  filaments  break  up  into  lumps,  granules,  or 
refracting  bodies,  and  no  longer  stain  with  nuclear  dyes.  The  nucleus 
is  dissolved  in  the  protoplasm,  which  then  liquefies,  so  that  the  whole 
cell  is  broken  down  and  disappears.  The  striae  fade  from  muscle-fibers, 
leaving  a  homogeneous  semi-fluid  substance,  which  ruptures  the  hyalin 
sheath.  The  hemoglobin  of  the  red  corpuscles  is  first  reduced,  then 
rendered  iron-free,  and  so  comes  to  resemble  the  bile-pigments. 

An  insufficient  blood-supply  may  cause  a  limb  to  become  weak  or 
completely  paralyzed  and  atrophied.  If  the  failure  of  the  blood-supply 
stops  short  of  causing  gangrene,  ischemic  rigidity  and  paralysis  are 
followed  by  an  interstitial  myositis  and  permanent  contracture.  A 
limb,  after  becoming  insensitive  and  cold,  may  commence  to  shed 
its  epidermis,  and  yet  stop  short  of  gangrene.  If  the  heart's  force  is 
increased  or  the  collateral  circulation  is  established,  warmth  and 
sensation  return,  and  there  is  simply  desquamation. 

L  GANGRENE  FROM  IMPAIRMENT  OF  THE  GENERAL  CIRCULATION. 

Fatty  degeneration  with  exhaustion  of  the  heart-muscle  is  a  great 
predisposing  cause  of  gangrene,  yet,  as  long  as  the  circulation  is  equally 
distributed,  no  gangrene  need  actually  start.  When,  however,  an 
artcrj'  is  blocked  by  embolism  or  thrombosis,  the  collateral  circulation 
is  insufficient  to  maintain  the  life  of  the  tissues.  Embolism  is  the 
result  of  endocarditis ;  if  it  is  acute,  the  emboli  are  .septic,  and  the 
danger  of  moist  gangrene  the  more  likely.  Chronic  endocarditis  gives 
rise  to  embolism  either  by  the  formation  of  fibrin  or  by  the  detachment 
of  a  vegetation  from  a  valve.  A  slow  and  feeble  circulation  consequent 
on  cardiac  weakness  tends  to  produce  thrombi  in  the  heart,  from  which 
emboli  may  be  detached,  and  also  thrombosis  in  the  arteries  of  the 
limbs,  in  which  the  circulation  is  especially  feeble.  A  patent  septum 
of  the  heart,  producing  cyanosis,  predisposes  to  gangrene,  owing  to  the 
imperfect  aeration  of  the  blood.  The  morbus  ca;ruleus  is  distinguished 
by  being  general,  including  the  lips,  and  the  color  is  blue  as  com- 
pared  with   the   local    dusky   red,   tending   to   green,   of   gangrene. 
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Cyanosis  from  bronchitis,  emphysema,  etc.,  has  the  same  influence.  A 
diminution  in  blood-pressure  also  predisposes  to  ganj;rene,  so  that  ex- 
haustion, want  of  food,  and  loss  t>f  blood  render  the  wounded  lyinjf 
on  the  ground  .ifter  a  battle  liable  In  j^angrcne.  nithougli  the  tenijjcra- 
turc  docs  not  fall  below  freezing  point.  Acute  diarrhea  and  clKilera 
tend  to  cause  gangrene  by  weakening  the  circulation  and  producing 
thrombosis.  The  acute  specific  fevers  and  other  exhausting  diseases 
act  in  a  similar  manner. 

In  cliildren  nniJtiple  gangrenous  patches  may  appear  on  the  skin 
of  the  Hmbs  and  abdomen  a  (tiw  hours  or  tUtys  bcfure  death.  Nothing 
is  found  post  ninrteni  except  some  soft  thrnmbi  in  the  main  vessels 
of  the  limb  affected,  St)mctinies  such  aises  have  been  attributed 
to  abnormalities  of  the  blood-vessels  (Solly'),  but  the  apparent  small 
size  of  the  main  arteries  may  well  be  sccondarj'  to  the  previous 
disease. 
L  The  s^mimetry  often  met  with  is  vascular  in  origin,  and  is  therefore 

r     distinct  from  the  symmetry  noted  in  Raynaud's  disease,  which  is  due 
to  the  di.stributicm  of  the  nerves. 

Treatment. — Gangrene  arising  from  a  failure  of  the  general  circu- 
lation can  hardly  be  foreseen,  and  in  most  cases  the  patient  is  too  ill 
to  complain  of  any  premonitory  symptoms.  Careful  watching  and 
examination  of  the  patient  lead  to  the  discover)-  that  the  limbs  are 
becoming  cold  and  losing  sensation,  or  that  dusky  red,  indurated 
patches  arc  appearing  on  the  skin.  The  occurrence  of  gangrene  is 
warded  "off  by  improving  the  force  of  ihe  heart,  replacing  lost  fluid 
by  .saline  infusions  or  rectal  enemata,  wrapping  up  cold  limbs,  and 
avoiding  pressure  and  all  causes  of  irritatioji.  Surgical  measures  are 
necessarily  dependent  upon  the  condition  of  the  patient,  which  is  often 
beyond  hope.  If  amputation  is  done,  it  must  be  at  the  level  at  which 
the  main  artery  can  still  be  felt  jjatent,  not  below.  Thrombosed  and 
gangrenous  patches  of  skin  should  be  at  once  incised  and  iodoform 
gauze  slipped  beneath.  This  prevents  further  absorption  from  tlie 
slough,  which  is  later  on  removed. 

S.  GANGRENE  DUE  TO  THE  OBSTRUCTION  OF  A  MAIN  ARTERY 

OR  VEIN. 

If  a  main  arter>'  is  blocked,  and  the  collateral  circulation  is  not 
quickly  established,  gangrene  must  ensue.  Tlie  anatomical  conditions 
may  be  favorable  for  a  collateral  circulation,  or  thcj*  may  be  the  re- 
verse. Anastomosis  is  so  complete  in  the  case  of  the  branches  of  the 
external  carotid  that  the  cut  distal  ends  pulsate,  On  the  other  hand. 
,  there  is  no  anastomosis  between  the  branches  of  the  pulnionarj-  artery 
I  or  of  the  superior  mesenteric,  and  hence  gangrene  inevitably  follows 
on  obstruction  of  these  vessels.  The  testis  sloughs  when  both  sper- 
matic and  deferential  arteries  are  cut  ofT  There  is  a  sufl^cicnt  anasto- 
mosis in  the  limbs  to  maintain  life  after  the  obstruction  of  the  main 
arterj*,  provided  always  that  the  smaller  vessels  are  unobstructed. 
Anatomically  the  most  unfavorable  anastomoses  are  those  rendered 

twhen   the  common   femoral   and   tlie   a.villar}-  artery  are 
'  Mtii.-CAir.   7'raMi.,  18J9,  p.  2$^;  1840,  p.  3J6. 
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blocked.  When  the  common  femoral  is  obstructed,  the  blood,  in 
order  to  reach  the  foot,  has  to  pass  through  a  double  set  of  capil- 
laries— from  those  of  the  branches  of  the  external  and  internal  iliacs 
into  the  branches  of  the  profunda  femoris,  and  thence  into  the  branches 
of  the  superficial  femoral  and  popliteal — before  it  can  reach  the  leg. 
The  greater  the  anatomical  difficulties  in  the  way  of  developing  the 
collateral  circulation,  the  greater  is  the  need  of  a  good  general  circu- 
lation ;  and,  conversely,  there  is  greater  danger  of  gangrene  when  the 
circulation  is  weak. 

The  chief  obstacle  to  the  development  of  a  collateral  circulation  is 
the  simultaneous  obstruction  of  the  smaller  arteries  and  arterioles. 
This  may  take  place  from  many  small  emboli,  from  thrombosis,  or 
from  a  gradual  narrowing  of  the  lumen  owing  to  disease,  and  also  from 
outside  pressure.  The  collateral  circulation  takes  some  little  time  to 
establish  itself;  hence  a  sudden  and  complete  obstruction  to  a  main 
artcr>'  favors  the  immediate  onset  of  gangrene,  whilst  the  slow  devel- 
opment of  an  obstruction  gives  the  collateral  vessels  time  to  dilate. 

Obstruction  to  the  return  of  venous  blood  predisposes  to  gangrene 
whenever  there  is  at  the  same  time  septic  thrombosis.  The  common 
femoral  and  the  subclavian  vein  return  mo.st  of  the  venous  blood,  but 
they  may  become  obstructed  without  causing  more  than  venous  con- 
gestion, unless  there  be,  in  addition,  septic  inflammation,  in  which  case 
moist  gangrene  will  quickly  set  in. 

A  wound  of  a  large  artery  is  liable  to  be  followed  by  gangrene, 
owing  to  the  general  circulation  being  weakened  by  loss  of  blood. 
Both  wounds  and  ligation  in  continuity  were  formerly  liable  to  be 
followed  by  gangrene,  owing  to  the  septic  inflammation  and  throm- 
bosis which  spread  immediately  from  the  wound  and  obstructed  the 
collateral  circulation,  or  later,  after  loss  of  blood  by  secondary  hemor- 
rhage. As  an  aneurysm  develops  on  an  arter>%  it  presents  a  gradually 
increasing  obstruction  to  the  blood-flow ;  but  should  the  aneurysm 
become  suddenly  diffuse,  the  collateral  circulation  already  developed 
will  be  thereby  obstructed,  and  so  gangrene  will  be  likely  to  follow  a 
ligation  in  continuity,  although  the  operation  be  completely  aseptic. 

Main  arteries  become  obstructed  by  emboli  detached  from  the  heart, 
or  by  thrombosis  due  to  a  feeble  circulation  or  to  disease  of  the  arte- 
rial wall.  The  disease  of  the  arterial  wall  is  occasionally  acute  arte- 
ritis resembling  acute  endocarditis ;  but  it  is  much  more  commonly 
atheroma,  or  arteritis  obliterans.  The  main  arteries  are  further  ob- 
structed by  external  compression,  tumors,  foreign  bodies,  bullets,  and 
unreduced  fractures  and  dislocations,  and  if  at  the  same  time  the  col- 
lateral circulation  be  partly  hindered,  gangrene  is  the  more  likely  to 
follow. 

The  circulation  through  the  main  arter>',  as  well  as  the  collateral 
circulation,  is  obstructed  in  ukro  by  bands  formed  in  the  fetal  mem- 
branes. Hoth  lower  extremities  have  spontaneously  separated  at  the 
hip-joint  (Uucr').  In  Maddin's*  case  amputation  at  the  junction  of 
the  upper  and  middle  thirds  of  the  thigh  was  successfully  carried  out 
on  the  third  day  after  birth. 

'  Pril.  Med.  Jour.,  1897,  vol.  ji.,  p.  1179, 
*  New  York  Med.  R<t..  1889,  vol.  i.,  p.  461. 
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Obstruction  to  the  Femoral  Artery  and  Vein. — The  common 

femoral  lomicrly  proved  :i  dangerous  artery  to  ligiiturc  in  continuity, 
and  half  iJic  cases  of  obstruction  terminated  in  gangrene.  Hut  by 
avoiding  injury  lo  the  vein  ami  septic  complications  it  has  been  found 
that  the  common  femoral  artery  can  be  safely  hgated.  A  wound  in 
.Scari>a's  triangle  Ls  likely  to  cause  g.^ngreiie  on  account  of  concurrent 
injury  to  the  vein  and  to  septic  complications  In  a  patient  whose  gen- 
eral circulation  has  been  weakened  by  primar>'  hemorrhage.  Although 
it  has  been  found  possible  lo  ligature  successfully  both  the  common 
femoral  arterj*  and  vein,  yet  this  should  be  avoided  if  possible.  A 
wound  of  the  vein  may  be  blocked  by  clot  after  pressure  has  been 
kc[»t  up  for  a  short  time,  or  a  lateral  ligature  or  suture  may  be  applied. 
Should  a  tumor  in  the  groin  involve  all  three  branches  of  the  common 
femoral  vein,  it  would  be  advisable  to  proceed  to  amputation  at  once 
rather  than  run  the  almost  inevitable  risk  of  gangrene  following  the 
simple  removal.  If,  however,  only  one  vein  is  involved,  the  two  others 
are  sufficient  to  return  the  blood,  and  the  internal  saphena  should 
always  be  carefully  preserved,  not  divided,  in  the  early  st^>s  of  an 
oj>cration. 

Obstrtiction  to  the  Superficial  Femoral  and  the  Popliteal 
Arteries  and  Veins. —  The  supcrticial  femoral  artery  and  vein  can 
be  tied  simultaneously  in  Hunter's  canal  without  clanger  to  the  limb, 
and  the  same  thing  has  been  done  with  the  p<^ip!ileal  arterv-  and  vein 
(Teak-').  The  success  of  such  opcnilions  implies  patency  of  the  anas- 
tomosing vessels.  But  gangrene  is  still  of  frequent  occurrence  as  a 
cum  pi  i  edition  of  ruptured  popliteal  ancurv'sm,  and  a  number  of  cases 
have  recently  been  recorded.  As  a  popliteal  aneur\'sm  develops  an 
obstruction  to  the  blood-flow  in  the  main  arter)-,  the  anastomotic  cir- 
culation through  the  articular  arteries  increases.  When,  however,  the 
aneurysm  grows  still  larger,  and  especially  when  it  ruptures,  it  con»- 
presses  the  articular  arteries  and  hinders  the  anastomotic  circulation 
already  established.  If  at  this  stage  the  su|)erficial  femoral  artery  is 
ligated,  the  onset  of  the  gangrene  is  prccipilatetl. 

Symptoms. — The  threatening  .signs  of  oncoming  gangrene  arc  as 
follows :  The  limb  on  exertion  aches,  the  calf  muscles  become  rigid 
and  lose  power,  symptoms  of  intermittent  lameness  appear,  which  pass 
off  with  rest.  The  limb  may  become  [Kiralyzcd.  cold,  and  useless; 
later  on  the  muscles  atrophy.  An  intcrstiluil  myositis  is  started,  caus- 
mg  degeneration  of  muscle-fibers  and  contracture  of  infljimmalory 
tissue  (Spencer*).  Following  upon  ligation  of  the  femoral  in  conti- 
nuity, the  leg  may  remain  for  days  dead  white,  or  marbled  by  veins, 
cold  and  insensitive ;  the  epidermis  begins  to  separate.  Then  a  change 
comes,  either  in  the  direction  of  dr\'  gangrene,  or  toward  rccovcrj-  of 
warmth  and  sensation  with  a  development  of  the  pink  circulation 
beneath  the  toenails.  In  the  former  case  the  circulation  may  return, 
but  too  late :  the  anterior  part  of  the  foot  and  the  toes  become  flushed 
with  blood,  but,  the  capillaries  having  already  degenerated,  the  blood 
is  extrava.satcd  in  and  beneath  the  skin. 

Treatment.- — Such  cases  of  gangrene  arc  to  be  avoided  by  early 

1  Lamui,  ISS7,  wl.  i.,  p.  12.     N<rwbuU,  /htil..  I.S9S,  vul.  1.,  p.  1116. 
'  Wttlmimur  Ifotfilal  Rfft>rt$,  1891,  toI.  vii.,  p.  16. 
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treatment  of  the  popliteal  aneurysm,  and  by  selecting  the  direct  oper- 
ation whenever  rupture  has  occurred.  Through  a  posterior  median 
incision  all  the  blood-clot  should  be  turned  out ;  the  articular  arteries 
are  relieved  from  compression,  and  need  not  be  further  injured.  In 
tying  the  popliteal  artery  above  and  below  the  aneurysm,  it  may  be 
possible  to  spare  the  vein. 

When,  however,  gangrene  has  set  In,  and  has  spread  beyond  the 
toes,  amputation  should  be  done  through  the  knee-joint.  The  artic- 
ular arteries  will  receive  enough  blood  from  the  profunda  branches  to 
supply  the  flaps,  but  the  blood-pressure  in  them  would  not  be  suf- 
ficient to  produce  a  passage  into  the  branches  of  the  tibials.  To  wait 
and  then  amputate  lower  down  is  to  render  probable  gangrene  of  the 
flaps,  necessitating  another  amputation,  which  even  a  previously  strong 
patient  may  not  sustain.  There  is  no  need  to  amputate  higher  than 
the  knee  unless  the  amputation  has  been  delayed  until  septic  changes 
have  taken  place  and  caused  thrombosis  of  the  articular  arteries.  To 
wait  for  a  line  of  demarcation  and  spontaneous  separation,  when  the 
gangrene  has  extended  beyond  the  toes,  is  to  expose  the  patient  to 
much  suffering,'  exhaustion,  and  septic  complications,  to  say  nothing 
of  the  delay.  Even  should  he  escape  these,  he  will  be  left  with  a  limb 
practically  useless  below  the  knee,  always  exposed  to  ulceration  from 
cold  or  slight  injury. 

Obstruction  to  the  Axillary  and  Brachial  Arteries  and 
Veins. — The  axillary  or  brachial  artery  is  liable  to  be  obstructed  by 
an  embolus  detached  from  the  heart,  the  embolus  commonly  blocking 
the  artery  immediately  below  the  axilla.  Sudden  thrombosis  may 
occur  as  in  Dujardin-Reaumetz's'  case.  An  anemic  boy  of  eighteen 
suffered  from  obstruction  of  the  brachial  below  the  axilla,  no  pulsation 
could  be  felt  beyond  this  point,  and  the  forearm  and  hand  became 
gangrenous.  Amputation  through  the  middle  of  the  humerus  is 
necessary  under  such  conditions,  the  flaps  having  to  depend  upon  the 
branches  of  the  subclavian  and  upper  axillary  arteries. 

The  veins  of  the  arm  are  superficial.  A  tight  bandage,  in  particular 
a  plaster  bandage,  applied  directly  over  a  fracture  and  not  removed. 
has  caused  venous  congestion  of  the  hand,  then  ischemic  rigidity, 
paralysis,  and  even  gangrene  (Volkmann,'  Leser*). 

m.  GANGRENE  FROM  OBSTRUCTION  OF  THE  SMALLER  ARTERIES. 

Arteriosclerotic^  Senile^  Diabetic,  and  Albuminuric  Gan- 
grene.— Atheromatous  and  calcareous  thickening  of  the  intima  in  the 
smaller  arteries  is  essentially  a  senile  change,  and  is  an  especial  cause 
of  gangrene  when  it  affects  the  tibial  arteries.  Not  only  does  the 
lumen  of  the  arter)''  become  exceedingly  small,  but  it  may  at  any  time 
be  obliterated  by  a  thrombus.  This  senile  change  appears  early  and 
advances  to  a  more  extreme  decree  in  those  who  have  been  affected 
by  syphilis,  who  have  taken  alcohol  to  excess,  who  have  suffered  from 
overwork,  hardships,  or  exposure.     As  concomitant  results,  there  may 

'  Bull,  ft  Mtm.  iff  la  Soc.  Mid.  >/i-s  Hof:  d.-  P.iris,  1875,  t.  xi.,  pp.  213,  219. 

'  CmtraK'Uilt  fur  Cfiirur;!,-.  18S1.  ji,  Soi, 

'  Volkmann's  KUnischf  Samndutt^,  K<).  249  ;    Chinirgif,  No,  77. 
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Found  in  the  same  patient  cardiac  hypertrophy  and  hi(^h  pulse  tension 
tending  to  apoplexy,  chronic  nephritis  causinjj  albuminuria.  di;dK'les, 
obesity,  and  gout.  The  radial  and  temporal  arteries  will  be  hard  .iiid 
tortuous.  One,  several,  or  all  of  tht;>e  conditions  may  coexist,  to  wliich 
gangrene  supervenes  as  a  late  complication.  The  delermininij  factor  is 
the  extent  of  the  narrowing  and  thrombosis  of  the  tibial  arteries.  The 
gangrene  nearly  alwav-s  appears  in  the  lower  limb.  It  occurs.  Pott 
said,  in  twenty  men  to  one  woman. 

Symptoms. — The  premonitory  symptoms  are  imjM>rtant,  for  by  rec- 
ognizing them  wc  may  be  able  to  ward  off  the  gangrene.  Attention  is 
first  drawn  to  the  limb  by  cramping  pains.  numbnes.s  and  coltJ,  alterna- 
ting with  heat  and  tingling,  formications,  a  sense  of  weight  or  of  fulness, 
a  diminution  of  sensation,  so  that  a  thick  sock  seems  to  be  interposed 
between  the  bare  foot  and  the  tlonr.  The  patient  may  complain  tiiat  at 
night  sleep  is  disturbed  by  cramp  followed  by  cold  sweat*;.  Syniiittims 
similar  to  Raynaud's  disease  may  arise,  the  toes  may  become  deati  and 
cold  in  the  morning  when  getting  up,  or  after  mcaLs.  In  other  ca.scs.  the 
complaint  is  that  intermittent  lameness,  obscure  pains,  rigidity,  and  pare- 
sis come  on  while  walking,  and  pass  off  on  rest.  On  examination  the 
foot  will  be  found  cold.  pale,  and  shrivelled.  Pulsation  cannot  be  felt  in 
the  dorsalis  pedis  and  posterior  tibial  arteries.  There  is  im|»iiired  sen- 
sation, the  upper  limit  of  wliieli  fnrni-s  more  or  less  of  a  circle  round 
the  limb  and  does  not  lie  in  any  particular  ner\'e-area.  The  diagnosis 
of  arteriosclerosis  is  confirmed  by  finding  tortuous,  hard  temporal  and 
radial  arteries  with  a  high  pulse  tension.  The  gangrene  generally 
shows  first  in  the  big  toe,  on  tlie  dorsum,  or  to  one  side  of  the 
nail.  The  skin  becomes  a  bluish  red  which  does  not  disappear  on 
pressure.  A  dusky  scurf  or  a  brown  horny  scale  is  seen,  or  a  black 
spot  of  skin,  beneath  which  is  a  dusky  ulcer.  A  blister  may  arise  con- 
taining reddish  scrum,  and  when  the  covering  epidermis  is  raised,  dusky 
red  pafHllx  arc  cxpo.scd.  Some  slight  mechanical  violence  maybe  the 
exciting  cause;  the  black  spot  begins  where  the  boot  has  pressed  on 
the  toe.  or  at  the  site  of  a  corn  where  a  little  cut  has  been  made  in  re- 
moving it.  A  slight  squeeze,  from  the  toe  being  stepped  on,  or  a  nail 
projecting  up  from  (he  sole  of  the  boot,  may  start  the  gangrene.  The 
scab  may  separate  and  the  gangrenous  ulcer  he.il.  only  to  break  down 
again.  The  ulcer  may  extend  to  the  bone,  causing  a  perforating  ulcer, 
at  the  bottom  of  which  insidious  necrosi.s  goes  on.  Kxtension  to  the 
rest  of  the  toe  and  foot  is  marked  by  edema,  the  pitting  of  the  skin 
not  disappearing  quickly  when  the  pressure  of  the  finger  is  relaxed; 
the  skin  of  the  dorsum  of  the  foot  becomes  dusky  red.  and  does  not 
alter  on  pressure,  but  grows  darker.  The  gangrene  is  usually  dr>' ;  a 
line  of  demarcation  forms  round  the  toe,  or  at  some  point  acro.ss  the 
foot,  or  around  the  ankle.  In  a  stout  alcoholic  patient,  when  once 
started,  gangrene  may  rapidly  spread  and  become  moist. 

Treatment. — The  gangrene  is  pre\'ented  by  exercise,  massage,  and 
baths  \\hich  favor  the  circulation  in  the  limb  and  hinder  the  advance 
of  arteriosclerosis.  The  feet  must  be  kept  clean  by  bathing  in  warm 
water  and  drying,  lest  eczema  be  caused  by  dirt  and  sweat  Nails  and 
corns  have  to  be  pared  carefully,  so  that  no  lesion  of  the  skin  occurs. 
Woollen  socks  reaching  up  to  the  knee  are  to  be  woni  both  \yf  day 
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and  night.  The  feet  must  be  kept  warm  by  exercise,  never  heated  at 
the  fire,  for,  sensation  being  diminished,  dangerous  congestion,  scorch- 
ing, or  burning  may  take  place  unperceived  by  the  patient.  Large 
well-fitting  shoes  are  to  be  worn  to  avoid  pressure,  corns,  and  blisters. 
The  patient's  general  health  should  be  improved  by  the  active  treat- 
ment of  syphilis,  gout,  diabetes,  or  albuminuria. 

The  circulation  generally,  including  that  of  the  extremities,  will 
probably  be  benefited  by  coffee.  Opium  acts  likewise  by  dilating  the 
capillaries ;  it  also  relieves  pain  and  tends  to  diminish  the  amount  of 
sugar  when  diabetes  is  present.  Small  doses  of  opium  are  quite  well 
taken  although  there  be  albuminuria.  When  the  patient  has  taken 
much  alcohol,  the  amount  should  be  reduced  to  a  minimum,  and 
whenever  possible  stopped  altogether ;  its  place  is  much  better  filled 
by  quinin.  When  a  black  patch  appears  it  should  be  dusted  with 
iodoform  and  kept  quite  dry.  The  leg  and  foot  are  to  be  wrapped 
up  in  cotton  wool,  and  the  patient  must  sit  in  a  chair  during  the  day 
with  the  foot  raised.  The  foot  should  not  be  cut  nor  poulticed,  nor 
soaked  in  hot  water,  nor  warmed  by  the  fire,  nor  by  contact  with  a 
hot-water  bottle.  These  methods  all  provoke  the  spread  of  the  gan- 
grene. The  local  conditions  may  favor  healing;  the  black  scab  may 
separate  and  the  ulcer  heal ;  a  line  of  demarcation  may  form,  and 
the  toe  slowly  .separate.  This  occurs  when  the  patient's  health 
improves,  when  he  is  free  from  pain  and  fever,  cats  and  sleeps  well, 
and  the  sugar  and  albumin  in  the  urine  are  reduced.  On  the  other 
hand,  the  gangrene  may  gradually  spread,  the  patient's  health  get 
worse,  and  some  fatal  complication  occur,  such  as  cerebral  apoplexy, 
uremic  or  diabetic  coma,  or  bronchopneumonia. 

When  the  gangrene  has  spread  to  the  foot  and  the  patient  is  suffer- 
ing from  septic  ab.sorption,  the  removal  of  the  gangrene  becomes 
urgent.  Even  if  there  is  not  much  absorption,  owing  to  the  dryness 
of  the  gangrene,  yet  the  slowness  of  the  separation  and  the  pointed 
stump  left  will  slowly  undermine  an  old  patient  who  is  prevented  during 
all  this  time  from  taking  open-air  exercise.  Until  recently  removal 
of  the  gangrene  was  usually  followed  by  further  sloughing  of  the  flap 
and  necrosis  of  bone.  This  recurrence  of  the  gangrene  is  independent 
of  the  aseptic  character  of  the  amputation,  and  is  simply  due  to  the 
narrowed  and  thrombosed  tibial  arteries  and  their  branches.  Amputa- 
tion through  the  foot,  ankle,  or  leg  has  been  followed  in  a  great  num- 
ber of  cases  by  gangrene  of  the  stump.  A  second,  and  even  a  third, 
amputation  has  had  to  be  done,  but  there  are  very  few  of  the  patients 
who  can  survive  gangrene  of  the  flaps  and  reamputation.  It  was  first 
proposed  by  Hutchinson '  that  these  cases  should  be  amputated  through 
the  lower  third  of  the  thigh,  where  the  main  artery  and  its  branches 
are  tolerably  free  from  calcareous  degeneration.  Experience  has  amply 
proved  that  this  is  the  one  method  of  ensuring  success ;  the  rule  must 
be  "  high  amputation,"  or  none  at  all.  It  has  been  objected  to  the 
high  amputation  that  it  causes  more  .shock  than  the  low  amputation. 
As  a  matter  of  fact,  the  difference  is  not  perceptible  after  an  amputation 
by  present  methods,  and  the  primar}^  union  which  follows  renders  the 
high  amputation  the  safer.     It  has  been  further  objected  that  there  is 

'  Mcd.-Chir.   Trans.,  1884,  vol.  Ixvii.,  p.  97. 


GJJVGJtE.V£  FROM  OBSTRVCT/Otf  OF  SMALLER  ARTERIBS.     22$ 


I 
I 


an  unnecessary  sacrifice  of  limb,  to  which  the  reply  may  be  made  that 
the  patients  are  usually  past  active  work  and  can  get  about  quite  well 
enough  with  the  shorter  stump.  The  primary  union  which  takes  place 
in  the  thigh  allows  of  an  artificial  limb  being  readily  adjusted  and 
easily  worn. 

It  is  Jiardiy  necessary  to  distinguish  sharply  ihc  various  cases  ac- 
cording to  their  complications — senile  ganjjrcnc.  diabetic  gangrene,  etc. 
Old  age.  heart  disease,  bronchitis,  obesity,  gout,  diabetes,  and  albumi- 
nuria, all  increase  the  gravity  of  the  case,  but  do  not  constitute  an 
absolute  bar  to  the  operation.  When  there  arc  both  sugar  and  albumin 
in  the  urine  to  a  considerable  amount,  the  chances  of  prolonging  life 
arc,  of  course,  unfavorable;  but  when  there  is  only  one  of  the  two 
present,  or  one  with  mere  traces  of  the  other,  amputation  may  well  be 
successful  (Kuster-Heidenhain,'  Spencer,"  Godtee  }.  The  high  ampu- 
tation must  always  be  done  so  as  to  obtain  primary  union,  there  should 
be  no  loss  of  blood  beyond  that  in  the  limb  at  the  time,  and  antisep- 
tics  like  carbolic  acid  or  pcrchlorid  of  mercury  should  not  be  used 
except  for  the  skin,  lest  absorption  take  place.  Kscpericnce  has  shown 
that  along  with  the  healing  of  the  stump  the  albumin  or  sugar,  or  both, 
have  fallen  to  a  small  amount.  In  many  cases  of  chronic  albuminuria 
or  diabetes  life  has  been  much  prolonged  by  this  amputation.  The 
bad  results  formerly  obtained  when  the  urine  contained  albumin  or 
sugar  were  due  either  to  the  operation  being  septic  or  to  the  insufficient 
blood-supply  in  the  stump.  Before  performing  the  liigh  amputation 
the  surgeon  can  convince  himself  of  the  correctness  of  the  diagnosis 
and  treatment  by  cutting  across  the  tibial  arteries,  when  they  will  be 
found  .scarcely  to  bleed  at  all.  It  need  hardly  be  added  that  amputa- 
tion through  the  knee-joint  is  less  suitable;  owing  to  the  long  thin 
flaps  supplied  by  the  popliteal  articular  arteries,  which  may  be  partially 
sclerosed,  the  amputation-flaps  should  dei>end  upon  the  branches  of 
the  deep  femoral  for  their  blnod-supply. 

Gangrene  due  to  Arteritis  Obliterans. — y\rtcritis  or  endarteri- 
tis obliterans  is  the  name  given  to  a  fibinns  thickening  of  the  internal, 
and  to  a  less  extent  of  the  middle,  coat  of  the  smaller  arteries.  If  it 
progresses  far  enough,  the  lumen  of  the  vessel  may  be  practically 
obliterated,  and  the  larger  arteries  on  the  proximal  side  undergo  throm- 
bosis ;  and  hence,  if  the  disease  attacks  the  vessels  of  the  limbs,  gan- 
grene may  follow. 

Obliterative  arteritis  is  best  known  from  its  occurrence  in  the  syl- 
vian, vertebral,  coronar)',  and  pulmonary  arteries,  the  increase  of  fibrous 
tissue  being  generally  concentric,  less  often  eccentric,  causing  the 
appearance  of  a  nodule  on  one  side  of  the  artery.  The  affection  of 
these  arteries  is  without  doubt  due  in  many  cases  to  syphilis,  but  there 
docs  not  seem  to  be  any  special  niicro'icopic  lesion  distinctive  of  syph- 
ilis. If  one  can  conclude  from  the  failure  of  antisyphilitic  remedies  in 
such  cases,  one  may  look  at  the  lesion  as  a  post-syphilitic  one.  But 
physicians  arc  generally  disposed  to  admit  that  oblitcrativc  arteritis 
may  occur  in  patients  who  have  not  had  syphilis  or  indulged  in  alcohol. 

'  Koala's  oucik     Vide  Hridr-nhaiii.  Drutuk  Med.   WofAenteAnft,  1891,  S.  1087. 
*  Atni  .I'Air.   Tram.,  1892,  p.  395. 
»  JM.,  1893.  p.  n. 
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Friedlander'  compared  the  tliickening  of  the  intirra  lo  that  which 
causes  the  obliteration  of  the  ductus  Botalli,  tlie  hypogastric  arteries, 
and  those  of  the  uterus  during  involution  after  pregnancy. 

In  the  group  of  ciscs  to  which  attention  is  here  drawn,  the  obliter- 
ativc  arteritis  has  affected  the  vessels  of  the  limbs  and  threatened,  or 
actually  produced,  gangrene.  The  cause  is  quite  obscure,  a  histon'  of 
syphilis  or  of  alcoholism  being  distinctly  absent.  Clinically  the  ca&cs 
are  lo  be  distinguished  by  the  absence  of  heart  disease  or  of  any  pre- 
vious illness  likely  to  originate  embolism  or  thrombosis.  The  patients 
arc  not  afTcctcd  by  atheromatous  di.sca.se  or  calcareous  degeneration 
causing  arteriosclerosis,  for  they  arc  young  adults,  presenting  no  senile 
changes,  no  tortuous  temporal  nor  radial  arteries ;  the  affected  vessels 
simply  feel  like  a  cord.  The  disease  is  not  attended  by  albuminuria, 
cardiac  hypertrophy,  nor  excessive  pulse  tension  in  the  patent  vessels. 
In  Raynaud's  gangrene,  to  be  described  later,  there  is  spasm  of  the 
arterioles,  not  a  change  in  the  vessel-walls. 

The  case  of  arteritis  obliterans  described  by  Pearce  Gould' has 
been  under  observation  for  a  long  time.  The  patient  presented  pecu- 
liarly characteristic  features;  the  disease  occurred  in  a  young  adult,  in 
the  absence  of  the  known  cau-ses  of  arterial  disease;  it  progressed  for  a 
time,  was  then  spontaneously  arrested,  and  was  followed  by  a  restora- 
tion to  health,  which  has  been  maintained  for  a  period  of  years. 

Aman,  nmrlci-nyrarsold  wbrnfifHt  vrcn,  worked  in  si  liritk  field,  bul  had  not  bi-«n  cxfxned 
to  wet  and  culc),  Wbcu  aged  twelve  he  hud  suffeted  fcom  »catlel  fever  coniplicalcd  by  dropsy 
and  con\-iil»ions.  ns  many  as  45  lil«  iieciimtig  in  h  dny.  From  this  he  nppaiently  quilc  rc^-ov- 
«red.  When  thineen  he  hid  a  whillow  on  ihe  righl  litll*  finger;  at  seventeen  be  Mnick  bis 
righl  fidh  metacarpAl  bone  and  a  tlncliciun};  ii:>^ultcd.  We  wns  a  leeiolaler,  and  had  never  had 
venerntl  (li»ea.iie.  lie  (irM  nott^  ihnt  thr  tingi*r^  iif  ihr  right  hand  became  (lartc,  then  thai 
the  right  hund  and  forcarai  became  cold,  weak,  and  paiuful  wht)^  at  work,  sn  that  he  wat 
forced  to  *top,  but  after  an  hour's  reil  ihe  hand  KecJime  warm  again.  When  first  Kcn,  the 
bracliiul  uriery  pulsated  down  to  a  point  \\xfA.  above  the  elbow,  below  which  it  fonnetl  a 
pnltelr'n  ron].  WliilM  un(LrTo1l>^e^vafi(lM  lhe  [inlsc  in  ihebiarbial  gnitliinlly  di'sapfMMred  sj 
far  up  a»  the  nxjllary  tiiter\.  but  tlie  ^^[)erioI  profunda  utery  could  l>e  fell  above  the  ottter 
condyle  of  the  humeni>i.  Dry  g:ingrene  aitiieked  the  f-nd>  of  the  ihiimb,  middle,  and  tinf 
finger*,  and  the  de«d  parts  were  Intel  on  removed.  Ni>  other  IcMOn  was  fourkd.  He  wa»  wen 
again  when  ageil  1wenty-tH-n  ;  the  third  part  of  the  riglit  >ubi.Lavinn,  the  axillary,  and  (be 
anerics  below  formed  cords  without  pulsation.  No  funher  {(anerene  had  appeand.  The 
man  was  tienrd  of  .-igain  when  thirty  ycnr»  old  ;  he  «-a>  well  and  doing  all  bi>  work. 

Hadden*  described  a  similar  case  in  a  young  woman. 

The  following  in  the  brief  account  of  a  more  advanced  caie  under  the  wfitrr'i  care  :  *  Ab 
emnibu* driver,  agH  twenty- seven,  had  had  nopreviousillneMcxccpi  that,  eleven  yean l»efo*«, 
he  had  had  gonnrrhi-ji  and  »orc*  which  latlird  ninr  wrelc*.  N"  *ign>i  of  syphilis  foUuwed. 
He  was  married  and  had  two  children.  If  is  urethra  Wii&  found  on  eJiumiiuitioii  to  be  nor- 
ipftl.     lie  had  not  taken  alcohol  to  exccM.     His  mother  and  two  bmthen  had  died  of 

1ililhini»  and  a  siMer  was  Hulfering  from  Tier  chest.  He  had  noted  that  (or  three  monthv— 
uly.  August,  and  Seplciiib<r — his  left  foot  had  at  limes  become  cold.  *o  that  be  Itad  frr- 
*.]uently  to  luh  it  in  order  lo  keep  it  wann.  He  also  Itad  a  »ure  on  bis  little  luc,  whkh 
healed  and  then  rcAppcnrcd  three  wcek^  before  he  was  fipit  seen,  Then  followed  a  dum^ 
in  the  color  of  the  Icfl  fiwt  lo  a  bliii^th  red.  It  Ijccamc  vrry  puinfiit,  ewecially  at  tught, 
across  the  Inl»c  of  Ihe  toes,  and  a  black  spot  appmred  on  the  great  tue.  w'hen  first  uren, 
dry  gangrene  had  afleded  the  great  and  little  toes  and  threatened  to  set  in  on  the  in'^tcp  and 
»kin  of  the  \v^.  No  puliation  could  be  fell  in  the  left  ihigh  and  leg,  a  bard  cord  belnj;  (ett 
in  the  ]H>sitiun  of  the  femornl  artery ;  the  vdna  were  unobstmrte<l.  The  tight  foot  wm*  cold 
and  damp,  but  not  painful.  On  the  plantar  surface  of  the  ungual  phalanx  of  the  f^rrat  \fx 
was  a  .wperficial  dusky  patch.  No  pulsation  could  be  felt,  and  the  right  femoral  aiter^ 
formrd  a  cord.      No  pulwtlinn  noi  wunil  could  be  clearly  hrard  in  the  abdominal  a<»rta  Doi 

'  Ontraii.  f.  rf.  me^-  Wifftm/hafifn,  l%^f^.  S.  64. 

*  Ciinifal  Sofirty't  '/'ram.,  1884,  p.  95  ;  itfS;,  p.  353  ;  also  note  RTven  ta  writer 

■/*/</.,  1S84,  |i.  105.  '  "■'-'    •""'»  -   " 1.1.  ..1.. 
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ID  (He  ilUcs.  The  ri|>bl  hand  wiui  colder  lliaii  tlic  tert,  tlic  ritchl  axillary  and  bracliiiil 
KiwUcr,  the  nutial  nflrry  very  *malU  but  >ofl  and  n"l  trinimiii ;  the  tilnni-  ancry  could 
Karcvty  be  fell.  The  ittlenes  ut  tlie  left  arm  wcfi.*  nonmil,  the  puUr  hetn;^  t>f  luw  (eu»iuii. 
The  tcTlpomI  UTlcricii  wi-rr  likewise  soft,  niH  IhHuohs  a'n'  'h«  jjulsc  in  ihcm  was  of  luw 
IrnMuii.  Ttie  heart,  luci^s,  and  uriuc  were  aoTouiL.  Under  ul»crv»iioii  the  pain  ill  the  left 
Iq;  incrtasni.  At  tjmc-s  tbcrr  wctr  |]antxy^in»  of  rniin|>«,  whrn  the  calf  muiiclcs became  hani 
antl  lender.  The  opium  h<  was  given  had  (gradually  to  be  in<!Teased  to  i  grain  (0,065  PH- ) 
uf  CXI.  opt!  cvt^ry  four  buur<>,  bcMJe?^  which  as  much  nn  three  iiijecliun»  of  J  a  grain  IO.OJ24 
gm.  1  of  moqihii)  wen:  required  duhiifi:  the  day.  In  spile  of  the  nar{:oiic  he  dot  hut  little 
ease  or  ^eep,  he  was  ^'^icrally  hitlf-sitcii^;,  lw>k)iig  aX  lii^  lei;  with  an  .-inxic^uK  exprc».vion, 
and  fweaiing.  He  bersuni;  thin  and  hi*  pulw  weaker.  IhirinR  ihc  we<?k  bcfure  the  ampu- 
lalioii  dry  ganKieoe  began  in  ihc  skin  uf  ihe  instep  and  of  die  front  of  the  leg  ;  the  tcm- 
prmitire  aniw,  the  hicheit  imini  t>dii^  101.2*'  I*.  Ampuiaiion  wa«  done  (hmu^h  ihe  middle 
itf  the  left  thigh.  At  once  all  pain  was  Io*t,  he  re<ovt-red  hi*  appt'tilc,  Ocpt  well,  ihc  gen- 
era) drculation  impniveii.  but  ihrrr  wait  no  itiereas«  of  pulsation  in  the  ob&iructed  arteries 
The  right  hand  and  fml  hernnie  warmer,  and  the  right  (not  freely  detqu.imalrd.  Three 
year»  lat't,  (he  patient  wa»  well  and  wasfvlluwiiig  biiluriiieieiuploinieni.  At  the  niuputatioii 
the  femoTal  artery  wii»  found  blurked  liy  n  timi  rlul,  and  the  pnisimal  ml  end  dlil  not  pul- 
sate OD  removing;  (be  elastic  band.  liesides  the  fcatoml  vein,  which  wa»  patent,  only  one 
Mnall  artery  near  the  viatii^  nerre  wn^  tied  :  there  were  mt  niher  bleeding  |)uiiit5  and  very 
lillle  onfing.  In  ihe  ampiJtatL-(l  limb  the  popliteal  and  its  bifurcations  were  lilled  by  a  firm, 
laminatetl  cloL  The  eudu'theliuin  and  the  riUiina  within  (he  elastic  Uiiiiua  had  blended  with 
ihe  clot,  otherwise  there  was  no  obvious  ch.mge  in  the  vesscl-wnll.  The  lower  pNTt  of  the 
libiah  wa^  thickened  bul  empty,  the  himen  being  Mtialler,  and  this  wat  mwrt  marked  in  the 
lower  end  of  ihc  po§lL>rior  tibial  and  in  [he  plautars.  The  narrowing  was  cametl  bya  fibrrtus 
thickening  of  the  intima.  Where  less  marked  the  librusis  was  internal  to  the  eLastic  lamina, 
which  was  unaUeied :  where  the  disease  was  more  advanced  the  elastic  lamina  had  been 
replaced  by  libmuK  lisinie,  and  there  wa.«  some  invasion  of  the  middle  cnat.  Thi*  thickening 
of  the  iniinta  wni>  eccentric,  nut  cuncentric  ;  lit  one  tiuadrant  the  tliickeiied  IntiiiiiL  prujected 
into  the  lumen,  the  riv*t  of  ihr  rirrumferf-iife  being  flllererl  little  or  not  at  nil.  The  intima 
(rf  Ihe  uirte* ponding  ""eins  was  iilsx  liigbtly  afTetied.  The  artenole*  in  the  »ubslaiice  of  liie 
calf  muM-)e%  were  nnchangeil.  tJllicr  ^aM-^  in  which  gangrene  ha>  followed  nrtcrttiit  oblitc- 
raiu  have  been  Men  in  older  poticnts,  bul  il  may  be  '{ijestioucd  whether  they  are  not  ciMn* 
ttally  dilTerent  frurn  thtne  just  devriibed,  and  whether  such  cases  have  tuit  featiires  more 
ncai-ly  allied  Iw  urtcrioK:lcm!ti»,  ibrumlw'si',  etc..  included  under  prcvioos  sections  oif  this 
article.  In  Winiwalct's'  t:asc  gangrene  attacked  the  foot  of  a  man  aged  lifty-seven.  In  the 
poiterior  tibial  artery  and  vein  of  ibc:  arnputaterl  Limb  wnit  fi^and  an  emlnlhelial  and  luben- 
doihelial  proliferalioii.  with  the  develupnient  of  bluud  vessels  m  the  media  and  inlinia.  The 
meilia  and  adveniitiu  were  alw  afftrteil,  btit  to  n.  leti  estent  than  the  intima.  The  patient 
had  not  hod  syphilis.  In  one  of  Widenmanu's'  coses  n  man  uf  sixty  fiwt  was  nltaikeit  with 
mottt  gangrene  of  both  feet  iiimiiltann>w*ly,  ntlet>dcl  bv  high  fever.  He  hod  al*o  marked 
emphyv.-mR  and  bronchitis  tubcicul>j*is  of  the  lungs,  and  a  dilated  heart,  but  nu  sugar  nor 
albumin  in  the  urine.  He  had  not  had  *yphiliR.  The  vessels  were  not  tortuous.  IVisi 
modem  (here  were  found  in  the  tibinls  &  marked  cruncentric  thickening  and  vaxcularitv  of 
Ifae  lutima,  the  media  wa»  thickened,  and  in  il  lume  lime  t»\Vi-  were  de|>osited  ;  the  advcntilja 
was  also  infihraied.  The  lumen  was  occupied  by  organt/ed  ihromJM,  and  there  were  ihrombi 
in  the  vcin>.  In  another  caw  amputation  o(  the  arm  was  done  for  moist  gangrene,  which 
had  begun  mddenly  fonrlecn  days  before,  after  an  ailack  of  jofluefua.  The  man,  age")  forty- 
nine,  hud  no  *ugar  nor  albumin  in  the  urine,  nor  had  he  bad  syphilis.  The  stump  bled  freely 
and  JO  ligatures  were  tised.  The  arteries  of  the  amputated  limb  were  thrombovd,  their 
coaU  not  much  altered ;  lher«  wa»  marked  thickening  of  the  iotima  in  Ihe  &maller  veins. 

IV.  GANGRENE  FOLLOWING  ON  SPASMS  OF  THE  ARTERIOLES. 

The  i^nds  of  llic  finjicrs  and  tots,  the  tiixs  of  the  ears  and  of  the  nose 
suffer  from  the  intermittent  occurrence  of  pallor,  cold,  and  numbness 
due  to  arterial  constriction,  followed  by  redness,  heal,  and  tingling 
owing  to  arterial  relaxation.  Tlironibosis  supervenes  on  prolonged 
constriction  and  blocks  the  .small  veins  and  capillaries,  and  this  is  shown 
by  dusky  redness  which  docs  not  disappear  on  pressure.  Recovery 
may  take  place  after  superficial  desquamation  or  ulceration.  The 
thrombosed  tissue  may  slowly  die,  causing  gan^^rene  of  the  dry  kiJid. 

'  Ar(kn-f  klin.  Ckirtirgit,  1878.  ltd,  xxiii..  S.  207. 
*  SntrA^t,  */iit.  Ckimrgif,  1893,  Bd.  tx.,  S.  u8. 
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Gangrene  from  Cold. — Chilblains. — A  slight  degree  of  throm- 
bosis produces  ulcerated  chilblains.  They  commonly  appear  in  anemic, 
badly  fed  children,  whose  hands  and  feet  are  not  kept  warm  and  dry 
and  whose  shoes  pinch  the  feet.  Patches  on  the  fingers  and  toes  are 
white  and  ache ;  on  being  warmed,  the  skin  turns  red  and  itches. 
When  thrombosis  occurs  the  spot  becomes  dusky  red  and  forms  an 
ulcer  from  which  a  slough  separates.  Chilblains  are  in  many  instances 
precursors  of  Raynaud's  gangrene. 

Chilblains  are  avoided  by  good  food,  by  daily  exercise,  by  woollen 
socks  and  gloves  worn  night  and  day  in  winter,  with  roomy,  good-fit- 
ting shoes.  The  hands  and  feet  are  not  to  be  put  suddenly  into  hot 
water  nor  warmed  before  the  fire.  Lukewarm  water  is  to  be  used  for 
washing,  after  which  the  hands  and  feet  are  to  be  rubbed  dry.  A 
chilblain  which  has  formed  and  threatens  to  ulcerate  should  be  painted 
with  iodin  tincture.  When  ulceration  has  taken  place,  a  mild  antiseptic 
ointment  is  applied. 

Frost-bite. — When  the  circulation  is  restored  after  pallor  caused  by 
cold,  there  are  bright  redness,  heat,  and  tingling.  When,  on  account 
of  the  prolonged  cold,  thrombosis  is  set  up,  there  are  dusky  redness, 
loss  of  warmth,  and  numbness.  Frost-bite  is  systematically  avoided  in 
cold  climates  by  keeping  the  extremities  warmly  covered.  The  cap 
covers  the  ears,  large  gloves  without  fingers  the  hands,  extra  large 
boots  are  worn,  so  that  the  feet  can  be  encased  in  thick  wool  stockings 
or  bands  of  hay.  The  tip  of  the  nose  is  exposed,  but  this  is  not  in 
danger  unless  there  is  in  addition  to  the  cold  a  damp  and  high  wind. 
But  when  predisposing  influences  come  into  play,  frost-bite  may  occur 
although  the  temperature  is  above  freezing  point.  Frost-bite  is  favored 
by  alcohol  on  account  of  the  greater  loss  of  heat  from  the  surface,  also 
by  fatigue  and  want  of  food.  A  man  who  has  plenty  of  food,  who 
avoids  fatigue  and  alcohol,  may  sleep  out  on  the  snow  without  harm, 
whilst  a  drunkard  asleep  on  damp,  unfrozen  ground  may  suffer.  Loss 
of  blood  favors  frost-bite ;  hence  the  wounded  lying  out  at  night  after 
a  battle  are  liable  to  be  attacked. 

Treatment. — A  patient  affected  by  cold  and  threatened  with  frost- 
bite should  be  taken  into  a  room  of  the  ordinary  temperature,  but 
should  be  kept  away  from  the  fire.  The  threatened  extremities  are 
rubbed  with  snow  or  cold  water,  not  plunged  into  warm  water,  until  the 
circulation  improves ;  they  are  then  well  dried  and  wrapped  up.  The 
patient  is  given  hot  soup  and  coffee,  but  not  alcohol,  except  in  very 
small  amounts.  If  unconscious,  hot  nutrient  enemata,  with  or  without 
brandy,  are  administered,  and  plenty  of  covering  put  on  the  bed,  until 
warmth  and  consciousness  return.  A  part  becoming  gangrenous  is 
dusted  with  iodoform  under  a  thin  layer  of  wool.  The  gangrene  will 
be  dry,  and  generally  the  slough  may  be  allowed  to  separate  spon- 
taneously;  at  least,  no  operation  is  permissible  until  the  patient  has 
recovered  from  the  general  effects  of  the  cold.  The  operation  is  usually 
limited  to  the  removal  of  the  hone  from  the  pointed  stump,  so  that  tlic 
skin-flaps  can  heal.  Moist  gangrene  and  septic  infection  are  unlikely  to 
happen,  unless  the  already  gangrenous  limb  is  kept  hot  and  moist. 

The  artificial  cold  produced  by  the  ether  spray  has  gi\-en  rise  to 
gangrene.     A  nodule  in  the  skin  was  removed  under  ether  spray  from 
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the  leg  of  a  woman  aged  seventy ;  gangrene  spread  from  the  wound 
and  caused  death.  It  is  therefore  a  good  rule  not  to  freeze  the  skin 
of  old  people. 

Carboiic-acid  fomentations  have  caused  gangrene  of  the  fingers, 
therefore  boric  acid,  not  carbolic  acid,  should  be  used  for  fomentations 
(Perairc'}.  This  misuse  of  carbolic  acid  continues,  and  further  cases  of 
gangrene  of  the  fingers  have  been  recently  reported. 

Gan^ene  dtie  to  Ergot. — Ergotism  is  the  result  of  eating  bread 
made  from  lye  affected  by  the  fungus,  especially  when  i  grain  in  8  or 
to  has  been  so  diseased.  It  is  met  with,  therefore,  only  in  those  who 
have  lived  upon  such  bad  bread,  and  the  severity  of  the  disease  depends 
upon  the  amount  taken.  The  rye  is  attacked  by  the  fungus  in  cold,  wet 
summers,  and  gangrene  from  ei^ot  could  not  be  seen  nowadays  except 
among  peasant  farmers  in  districts  unfavorable  for  agriculture,  where 
the  farmers  are  forced  to  eat  the  grain  they  cannot  sell.  The  disease 
has  been  met  with  during  the  last  two  centuries  in  France  and  Ger- 
many, not  in  the  llritish  Isles,  where  rye  is  hardly  ever,  or  never,  used 
for  bread.  Ergotism  was  reported  from  France  during  tlic  year  1897 
(Mongour*).  ICrgot  is  produced  in  America,  but  ergotism  docs  not 
seem  to  have  appeared.  Ergot  causes  gangrene  chJeHy  in  middle-aged 
men,  much  more  rarely  in  women,  its  incidence  in  this  re.'^pecl  resem- 
bling that  of  gangrene  due  to  arteriosclerosis.  Children  suffer,  both 
male  and  female,  but  less  often  than  men,  the  convulsive  form  of  ergot- 
ism being  more  marked.  Hut  there  must  be  some  special  predisposi- 
tion which  accounts  for  the  differences  in  susccptibLlit>'' among  members 
of  the  same  family  similarly  exposed  to  tlie  intluencc  of  the  poison. 

Although  ergot  has  often  been  administered  in  large  doses  for  long 
periods,  the  drug  has  never  been  known  to  cause  gangrene.  It  may 
therefore  be  supposed  that  the  gangrene  is  the  combined  result  of  ergot- 
ixcd  bread  and  insufficient  food.  The  gangrene  is  the  con.sequence  of 
long-continued  vascular  spasm  leading  to  thrombosis.  The  earlier 
symptoms  of  ergotism  are  due  to  constriction  of  the  blood-vessels  of 
the  centra!  ncr\ous  system  and  of  the  intestine:  they  are  giddiness,  dis- 
turbances of  vision  from  a  peculiar  sensibility  of  tlie  retina,  buzzing  in 
the  ears,  formication,  itching,  ami  hy]X'resthesia  of  the  skin ;  hence  the 
German  name  '*  Kriebelkrankheit,"  The  next  series  of  phenomena  arc 
due  to  spasm  of  the  muscular  arterioles  causing  painful  creeping  and 
burning  cramps;  from  these  burning  sensations  originate  the  I-'rench 
name  "  Mai  des  Ardents.'"  and  the  old  English  one  "  SL  Anthony's  fire." 

The  gangrene  is  generally  dr)'  and  symmetrical,  and  affects  mostly 
the  feet,  although  the  tuigers.  ears,  and  iiost-  have  been  attacked.  The 
gangrene  does  not  prevent  the  patient  from  getting  about ;  men  have 
been  seen  walking  on  the  dead  limb  as  on  an  efficient  stump.  The 
period  of  separation  is  a  prolonged  one.  two  years  or  more,  and  it 
usually  takes  place  at  one  of  the  joints  of  the  foot  or  at  the  ankle. 
The  line  of  demarcation  may  form  higher  up,  and  extreme  cases  have 
been  recorded  in  which  both  legs  sknighed  off  at  the  hip-joint  (Saleme^. 
The  main  arteries  are  thrombosed  and  occluded  early,  so  that  there  is 
no  danger  of  hemorrhage. 

Treatment. — The  earlier  symptoms  of  the  ei^otism  being  present, 

1  CfUralM.  /  Ckimi^if,  1806.  S.  783,        »  .-fn-i,  fHtt.  tie  Bordeaux.  1897.  I.  »!.,  JX  325. 
*  Vide  Duplajr  et  Reclm,  Chintrgit. 
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gangrene  may  be  prevented  by  good  food,  warmth,  friction,  with  coflfee 
and  opium  for  the  cramps.  The  gangrene  is  treated  expectantly,  any 
surgical  interference  being  put  off  until  the  patient's  general  health  \b 
restored,  and  is  always  of  a  very  limited  character. 

I^ad  acts  in  a  similar  way  to  ergot  and  is  said  to  produce  gan- 
grene, or  rather  to  increase  the  ill  effect  of  other  causes,  such  as  arterio- 
sclerosis (Sainton '). 

Raynaud's  Gangrene. — Raynaud's  gangrene  is  that  form  of  gan- 
grene which  results  from  a  prolonged  continuance  of  Raynaud's  symp- 
toms, the  characteristic  feature  of  which  is  a  generally  symmetrical  and 
paroxysmal  spasm  of  the  arterioles,  of  nervous  origin. 

Raynaud's  gangrene  should  not  be  extended  to  be  synonymous 
with  symmetrical  gangrene,  for  the  symmetry  may  be  due  to  throm- 
bosis. Indeed,  Raynaud's  symptoms  are  frequently  unilateral,  even 
limited  to  the  distribution  of  a  single  nerve.  Neither  is  Raynaud's 
gangrene  the  only  kind  that  is  preceded  by  paroxysmal  symptoms,  for 
both  obstruction  to  main  blood-vessels  and  arteriosclerosis  of  the  tibials 
are  attended  by  intermittent  paroxysms  which-  gradually  lead  on  to 
gangrene.  There  is  no  doubt  that  Raynaud '  included  in  his  original 
essays  cases  of  gangrene  whose  pathology  widely  differed.  The  term 
"  Raynaud's  gangrene  "  should  be  applied  to  those  cases  in  which  there 
is  no  obstruction  of  the  main  arteries,  nor  arteriosclerosis,  the  onset  of 
which  is  preceded  by  characteristic  symptoms. 

At  least  two  well-marked  types  are  met  with.  One  occurs  in  anemic 
women  and  others  in  feeble  health,  including  lunatics,  or  in  those 
exhausted  by  disease,  such  as  ague,  all  with  a  feeble  pulse  of  low  ten- 
sion ;  the  treatment  of  this  type  is  practically  that  of  the  anemia. 
The  other  and  less  common  type  occurs  in  young  people  about 
puberty,  both  male  and  female,  and  is  characterized  by  a  pulse  of  high 
tension,  and  by  arteries  hypertrophied,  hard,  and  tortuous,  so  that  they 
can  be  rolled  beneath  the  fingers.  Such  patients  are  liable  to  the  com- 
plications ensuing  from  this  high  pulse  tension — viz.,  hemoglobinuria, 
purpura,  apoplexy  and  other  hemorrhages,  and  uremia  (Aitken,'  Osier  •). 
The  spasm  of  the  arterioles  is  supposed  to  originate  in  some  blood- 
disease  causing  excessive  destruction  of  the  blood-corpuscles ;  hence 
the  excitation  of  vasoconstrictors,  accompanied  by  a  special  sensitive- 
ness to  changes  in  temperature,  and  neuroses  of  various  kinds.  Ray- 
naud used  two  words  in  a  special  way,  "  local  asphyxia  "  and  "  local 
syncope."  He  applied  the  term  "  asphyxia,"  in  its  literal  sense  of 
"want  of  pulse,"  to  the  dead-white  finger,  but  owing  to  a  confusion 
with  the  commoner  use  of  the  word  in  connection  with  carbonic -acid 
poisoning,  it  has  been  used  by  some  writers  for  the  subsequent  stage 
of  venous  congestion.  Raynaud  called  the  local  bloodlessness  "  local 
syncope."  Rut  the  patients  are  often  anemic  and  have  feeble  hearts, 
and  so  are  liable  to  fainting.  Hence  it  is  difficult  to  understand,  in 
reading  the  accounts  of  some  writers,  whether  they  are  alluding  to  the 

*  France  AUd.,  iSSi,  t.  xxviii,,  p.  221. 

»  A'm-  Sydetikam  Soei,-ty,  1888,  vol.  121.     Raynaud's  two  essays  on  local  asphyxia, 
translated  by  T,  Barlow. 

»  /.a»(ft,  1896,  vol.  ii.,  p.  875. 

*  Am.  Jour.  Med.  Sit.,  1896,  vol.  cxii.,  p.  522. 
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local  spasm  in  a  limb,  or  to  syncope  produced  by  an  InsufRdcnt  blood- 
supply  to  the  brain. 

Symptoms.— The  earliest  of  the  Raynaud's  symptoms  is  the  dead 
white  finger;  less  commonly  the  toes,  the  tips  oi  the  ears,  or  the  end 
of  the  nose  are  affected.  The  fini^cr  is  cold,  bloodless,  yellowish  white, 
insensiltve  and  powerless.  The  attacks  occur  at  meaUttmes  and  during 
diyeslion,  whilst  gelling  up  in  the  morniny.  and  also  when  tired.  The 
spasm  is  followed  by  relaxation,  venous  congestion,  and  warmth.  The 
color  is  then  lilac  or  slaty  blue,  and.  if  the  fingers  are  put  into  hot 
water,  becomes  almost  black.  During  the  reaction  there  arc  pains 
described  as  stinging,  burning,  and  shooting;  occasionally  the  affected 
fingers  are  covered  with  a  cold  sweat  and  patches  of  red  congestion ; 
erythrometalgia  or  red  neuralgia  and  patches  of  edema  occur.  The 
attacks  are  not  always  worst  in  winter,  but  often  in  spring  and  autumn. 
One  of  Raynaud's  cases  suffered  most  during  the  heat  of  summer, 
when  working  in  the  sun. 

When  gangrene  threatens,  recovery  is  incomplete  between  the 
paroxysms,  the  skin  becomes  hard  like  parchment,  the  color  becomes 
drab  or  bron/ed,  grailuiilly  violet,  and  finally  black.  The  local  venous 
congestion  must  tie  distinguished  from  the  congenital  blue  of  morbus 
caruleus,  consequent  on  a  patent  cardiac  septum.  A  case  is  recoriled 
in  which  cyanosis  from  this  cau.se  was  later  on  complicated  by  Ray- 
naud's gangrene. 

Small  blisters  with  a  scropuriilent  fluid  may  form.  There  may  be 
excoriation  and  destjuamation  of  tlie  skin.  Raynaud's  gangrene  lias 
occurred  in  several  cases  along  with  scleroderma ;  sometimes  one  has 
ap[>eare(i  first,  soTnetimes  the  other  (Chauffard.'  Hutchinson*).  Parox- 
ysmal attacks  of  hemoglobinuria  and  of  purpura  have  complicated 
Raynaud's  gangrene.  Cases  have  died  of  apoplexy  and  of  uremia 
where  the  pulse  has  previously  been  of  high  tension  and  the  arteries 
hyiK;rtrophted. 

As  regards  the  treatment  of  Raynaud's  symptoms  Ihrcatening 
gangrene,  the  anemia  is  treated  by  iron  and  arst nit ;  (piinin  also  has 
acted  well  as  a  tonic,  especially  where  the  patient  has  had  ague.  The 
local  treatment  consists  in  shampooing  with  warm  .salt  water.  The 
parox>'sms  arc  relieved  by  warm  water,  but  are  made  worse  by  hot 
water;  sometimes  cold  gives  more  relief,  but  it  should  be  applied  for  a 
short  lime  only.  Opium  may  l>e  given  for  pain.  The  patient  should 
be  protected  against  cold,  as  mentioned  uiuler  the  head  of  Krost-blte. 
Se(iaration  is  allowed  to  go  on  spontaneously,  any  cutting  away  being 
confined  to  the  dead  part. 


V.  GANGRENE  FROM  OBSTRUCTION  TO  CAPILLARIES  AND  SMALL 

VEINS. 

The  feature  characteristic  of  this  class  of  gangrene  is  the  obstruc- 
tion to  the  biood-rtow  through  the  capillaries  and  venules,  although 
the  tendency  to  gangrene  may  be  indefinitely  increased  by  failure  of 
the  general  circulation,  by  obstruction  to  the  main  artery,  or  by  pre- 

■  Gai.  Jfi  H>f>.,  i8q5,  r.  Uviii.,  |i.  SiS. 

*  ArtAiva  0/ Surgrry,  1896,  toI.  "rii..  p.  JOI. 
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viously  existing  arteriosclerosis.  The  capillaries  and  small  veins  are 
obstructed  as  a  direct  result  of  the  injury,  simple  traumatic  gangrene, 
or  by  an  inflammatory  septic  thrombosis,  which  may  appear  as  a  com- 
plication and  extension  of  the  former,  spreading  traumatic  gangrene. 

Simple  Ttaumatic  Gangrene. — A  burn  chars  the  tissues  and 
stops  the  circulation.  A  crush  smashes  the  tissues  and  produces  an 
extravasation  of  blood  which  compresses  and  arrests  the  blood-flow  in 
vessels  not  directly  injured.  A  bullet  entering  through  a  small  hole 
causes  a  destruction  of  tissue  and  an  extravasation  of  blood  depending 
upon  its  velocity  and  the  size  of  the  blood-vessels  met  with.  The 
modern  rifle  bullet  of  high  velocity  may  produce  an  "  explosive  "  efiect, 
widely  smashing  and  destroying  the  tissues  in  its  course.  As  a  further 
consequence  of.  severe  injury,  the  general  circulation  is  weakened  by 
shock  and  by  loss  of  blood. 

Treatment. — On  careful  examination  of  the  threatened  part,  the 
circulation  may  be  found  absolutely  stopped.  Even  when  incisions 
are  made  into  it,  there  is  no  oozing  from  the  cut  arteries.  The  treat- 
ment consists  in  removing  the  dead  part  as  soon  as  the  patient  has 
recovered  a  little  from  the  shock  of  the  accident,  and  before  decom- 
position has  set  in. 

Whenever  it  is  found  that  the  threatened  part  is  still  connected  with 
the  rest  by  some  uninjured  tissue,  it  is  always  possible  that  an  anasto- 
motic circulation  may  be  set  up  as  the  general  circulation  recovers 
from  the  shock  of  the  accident.  At  the  same  time  it  is  necessary  to 
remove  any  compression  on  the  still  unimpaired  vessels  by  turning 
out  extravasated  blood-clots,  by  reducing  fractures  and  dislocations, 
and  removing  foreign  bodies.  All  septic  material  should  be  removed 
from  the  wound.  As  soon  as  possible  after  the  accident  the  patient  is 
to  be  laid  at  rest,  hot  fluid  food  or  enemata  are  administered,  and  he  is 
well  covered  up  with  blankets  and  hot-water  bottles  until  he  becomes 
warm  and  begins  to  sweat.  A  burn  is  covered  with  dry  antiseptic 
dressings,  and  as  soon  as  the  dead  tissue  cg,n  be  distinguished  from  the 
living,  the  former  is  cut  away,  or  it  is  partly  raised  and  strips  of  iodo- 
form gauze  are  slipped  beneath,  so  as  to  protect  the  living  tissue  from 
the  products  of  decomposition  of  the  dead  tissue.  In  the  case  of  a 
compound  fracture  or  bullet-wound,  the  area  of  injury  is  fully  exposed 
under  an  anesthetic,  the  skin  orifice  being  extended  by  incisions  as 
necessary.  All  the  pockets  are  cleared  of  blood-clot ;  foreign  bodies, 
bullets,  etc.,  are  removed;  splinters  are  replaced  in  position,  and  the 
fractured  ends  of  bones  and  dislocated  joints  reduced  and,  if  necessary, 
fixed  by  sutures  or  pegs.  Every  part  of  the  wound  is  freely  swabbed 
by  5  per  cent,  carbolic  acid  or  other  antiseptic,  the  antiseptic  being 
finally  swilled  away  by  pure  water.  If  the  hemorrhage  has  had  to  be 
controlled,  the  tourniquet  is  now  released  and  all  the  bleeding  points 
lifjated.  One  or  more  .strips  of  gauze  are  latd  in  the  wound  to  act 
as  a  drain,  and  the  limb  is  wrapped  up  and  placed  in  a  position  favor- 
able for  the  return  of  venous  blood,  which  must  not  be  hindered  by  a 
tight  bandage.  With  this  treatment  soon  after  the  injury  there  is  no 
danger  of  spreading  gangrene.  The  removal  of  causes  of  compres- 
.sion  allows  collateral  circulation  through  the  still  uninjured  vessels. 
Even  if  gangrene  should  happen,  the  delay  is  not  dangerous,  owing  to 
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ihc  antiseptic  treatment  ;i[i|)]teci  to  tlie  wound.  The  patient  will  be 
better  able  to  stantl  the  amputation,  and,  if  the  circulation  returns  in 
part,  the  secondary-  amputation  may  be  more  limited  than  would  have 
been  the  primary  one. 

In  old  people  the  circulation  is  often  poor,  owing  to  preWous  arterio- 
sclerosis, and  so  in  them  gangrene  Is  more  likely  to  follow  an  injury. 
They  may  be  less  able  to  undergo  the  strain  of  the  rqwir  of  an  injury 
than  that  of  the  amputation.  Moreover,  the  loss  of  tlie  limb  may  not 
be  so  important  ;us  to  a  younger  patient  These  latter  considerations 
will  point  toward  primary  amputation  for  old  people.  Primary  ampu- 
tation may  still  have  to  be  largely  adopted  in  war-time,  when  the  means 
of  treating  the  wounded  arc  of  an  inferior  kiruL  In  amputating  for 
traumatic  gangrene  the  state  of  the  skin-flaps  requires  alterilion.  for 
although  the  level  of  amputation  l>e  alwve  the  injury  to  the  main 
blood-vessel,  if  the  skin  from  which  the  flaps  are  cut  has  been  bruised, 
sloughing  may  take  place.  Only  strong  patients  can  be  expected  to 
sun'ive  sloughing  of  flaps  and  reamputalion.  ]f,  therefore,  when  cut- 
ting the  flaps  the  small  vessels  are  found  already  thrombosed,  a  higher 
level  .should  be  selected. 

Septic  or  Inflfltnmatory  Gang^'ene. — The  characteristic  feature 
of  this  variety  of  gangrene  is  the  ob-struclion  of  the  capillaries  and  the 
small  veins  of  the  tissues  by  thrombi  containing  micro-organisms  which 
rapidly  multiply  and  spread  the  thrombosis,  and  .so  the  gangrene. 
Anthrax  bacilli  multiply  at  the  site  of  the  inoculation,  and  the  capil- 
laries and  veins  become  blocked  by  masses  of  bacteria.  An  eschar 
forms  at  the  center,  and  around  it  is  an  inflammatory  zone  in  which  the 
thrombosis  is  going  on,  although  the  arterial  circulation  is  not  yet  at  a 
standstill.  Similarly,  a  boil  or  carbuncle  commences  by  a  .septic  throm- 
bosis at  the  center,  which  causes  an  arrest  of  the  circulation  and  a 
Central  slough  surrounded  by  an  Inflammatory  zone. 

As  to  the  cause  of  septic  gangrene,  virulent  streptococci,  generally 
mixed  with  stajihylococci.  are  the  organisms  commonly  found. 

ISmphysematons  Gangrene. — Gaseous  abscesses  and  emphy- 
sematous gangrene,  in  which  foul  gas  is  present  from  the  cotnmence- 
menl,  not  secondarily  to  the  decomposition  of  tissue,  have  recently 
received  attention.  The  difficulties  lying  in  the  way  of  Identifying  a 
-siiccific  organism  as  the  actual  cause  of  the  emphysematous  gangrene 
have  been  due  to  the  simultaneous  presence,  In  particular,  of  strepto- 
cocci. Further,  on  isolating  and  producing  a  pure  culture  of  the  gas- 
forming  organisms,  they  have  been  found  but  feebly  pathogenic — e.g.^ 
producing  at  the  site  of  inoculation  merely  a  fugitive  edema,  unless 
the  general  or  local  resistance  of  the  animal  were  beforehand  artificially 
lowered.  When  found  in  man  unaccompanied  by  .streptococci,  the 
part  affected  by  gangrene  has  generally  undergone  previously  some 
pathologic  changes,  the  results  of  an  injury  or  of  vascular  disease 
In  a  number  of  patients  much  exhausted  from  various  causes,  gaseous 
absccs.ses  and  cmphy.sematous  gangrene  have  followed  tlie  subcutane- 
ous injection  of  drug.s.  No  gas-forming  bacillus  has  as  yet  fulfilled  the 
postulates  required  by  Koch  to  prove  Jt  to  be  the  actual  cause  of  the 
I  gangrene. 

The  organism  noted  as  occurring  in  such  cases  was  the  "  Vibrion 
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scplique"  C){  Pasteur,  by  subsequent  observers  termed  the  bacillus  of 
malignant  edema.  But  the  large  number  of  observations  made  by 
Welch '  have  clearly  proved  that  gaseous  abscesses  and  emphysema- 
tous gangrene  are  most  frequently  Dssociuted  with  the  presence  of  the 
anaerobic  organism  first  described  by  liim  in  1891,  and  termed  the 
Bacillus  acrogcncs  capsulatu.s. 

Guinea-pigs,  pigeons,  and  sparrows  inoculated  with  quite  fresh  cul- 
tures may  develop  a  local  necrosis  of  tissue  with  the  formation  of  gas, 
and  may  even  die.  Rabbits  and  mice  are  more  resistant  without  being 
quite  immune.  A  gaseous  abscess  may  be  produced  around  the  frac- 
tured ends  of  a  bone  by  inoculating  a  rabbit  inlnivt-nously.  Such  an 
intravenous  injection  may  not  dc»  much  harm  to  an  uninjured  rabbit ; 
but  if  the  animal  be  killed  a  few  minutes  after  the  intravenous  injection 
and  be  then  kept  warm  for  some  hours,  an  abundant  production  of  gas 
will  be  found  to  have  taken  place  in  the  blood,  organs,  and  tissues. 
However,  fresh  cultures  differ  widely  in  virulence,  and  older  ones  pre- 
sent but  slight  virulence,  or  none  at  all.  The  natural  habitat  of  the 
organism  is  in  the  a!imeiil;iry  canal  and  in  the  soil,  whence  the  ori^n 
of  the  various  iufectious  c^n  be  ea.sJIy  tracetl. 

Very  much  less  often  the  aerobic  organism,  the  bacillus  of  malig- 
nant edema,  noted  by  Sanfelicc.  Klein,  and  others,  i^  the  one  found,  but 
practically  always  in  man,  mixed  with  streptococci.  It  was  obtained 
by  the  injection  of  garden  mould.  But  pure  cultiires.  when  inoculated 
intii  animals,  proiluce  only  a  trarisient  cdenja  without  either  gangrene  or 
emphyseitia,  unless,  as  before  mentioned,  the  resistance  of  die  animal 
be  first  artificiatly  lowered.* 

Spreading  Tratiinatic  Gangrene. — The  amount  of  injury  varies 
from  a  mere  prick  or  scratcli  up  to  an  extensive  laceration,  but  the 
essential  feature  is  the  septic  inoculation.  In  some  cases  the  injury 
may  be  so  slight  as  a  prick  from  a  thorn,  a  scratch  from  an  instru- 
ment, the  sting  of  an  insect,  or  the  inoculation  of  septic  material 
through  a  previous  abra.sion.  In  other  cases  there  may  be  a  serious 
contusion,  a  compound  fracture,  a  gunshot  woiuul,  the  bite  of  an  ani- 
mal, a  crush  by  machinery  or  on  the  niitway,  and  the  septic  inoculation 
is  then  a  compltcallon  of  a  lacerated  wound. 

Symptoms. — The  marked  sign  of  spreading  traumatic  gangrene  is 
advancing  dusky  edema.  W'itliin  a  day  of  the  accident  t lie  edema  may 
have  spread  from  the  injured  liand  or  foot  to  the  forearm  or  leg ;  in  two 
days  or  so  it  may  have  almo-'^t  reached  the  shoulder-  or  htp-joint.  The 
j)aticnt  is  meanwhile  much  aflfected  by  septic  absoq>tion.  soon  becomes 
delirious,  and  has  a  rapid  pulse  and  respiration.  The  temixrrature  is 
untrustworthy:  it  may  be  high  at  first  and  then  slowly  descend  to  be 
little  above  the  normal,  or  it  may  even  become  subnormal  when  the 
patient  is  exhausted.  Commencing  gangrene  is  shown  by  the  bullae 
containing  stinking  greenisli  serum  which  form  on  the  dusky  edema- 
tous skin.  On  separation  of  the  epidermis,  the  dermis  beneath  appears 
of  a  greenish  yellow.  The  skin  crackles  when  touched,  owing  to  septic 
emphysema.  On  cutting  into  the  limb,  abscesses  containing  stinking 
pus  and  gas  are  found  in  alt  directions.     Within  two  days  the  gan- 

'  "The  ShiUluck  I^cilutc  on  Muibid  Condiiiun*  CauM^  \ty  Itacilliu  A^rogeucii  Capsa* 
]atu»,"  BnlUim  c/  Ike  fokm  fhfkim  Hoipiial,  I901,  Sq.terilicT.  [>.  1S5, 

'  See  Cunier  and  Siiigcr,    Iram.  Palh^egital  Hociil);  LMKiuii,  I90I,  vol.  In.*  p.  4a. 
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grenc  may  have  cxtentlcd  from  i)tc  hand  or  fnat  to  the  elbow  or  kncc. 
Ver>'  soon  the  septic  ctlenia  .sjjreads  from  llic  limb  to  the  trunk,  and 
behind  it  follows  the  gangrene. 

The  only  treatment  is  promjit  anipulalion  above  the  edematous 
zone,  and  removal  of  the  arm  at  the  shoulder-joinl  or  of  the  leg  high 
up  in  tlie  thigh  has  saved  life  in  many  cases.  If  the  flaps  arc  at  all 
affected  by  dusky  edema  or  by  septic  thrombosis,  this  will  be  perceived 
in  cutting  them,  If  there  is  some  edema  and  it  be  deemed  iiie.vpedient 
or  impossible  to  cut  a  flap  higher  up.  iotltifurm  gauze  shouUI  be  laid  In 
the  wound,  between  the  flaps,  and  then  a  limited  ulceration  of  the  flaps 
will  not  so  greatly  affect  the  patient.  If  after  such  dressings  the  flaps 
become  quite  healthy,  secondar)'  sutures  may  be  used.  The  adminis- 
tration of  streptococcus-antitoxin  may  be  of  advantage  as  an  adjuvant 
til  the  surgical  measures,  but  only  when  streptococci  arc  the  cl.ief 
organisms  found  (Steele 'J.  In  early  and  limited  cases  free  incisions, 
the  limb  being  afterward  kept  in  a  hot  boracic  balh.  may  serve  to 
arrest  the  gangrene. 

Cutaneous  Gangrene. — This  form  of  gangrene  is  set  up  by  the 
micro-organisms  causing  erysipelas,  or  similar  streptococci,  in  patients 
previously  weakened  by  disease.  An  acute  attack  of  er>'sipelas  may 
go  on  to  gangrene  of  the  skin,  especially  of  the  scrotum.  Infants  and 
children  who  have  suffered  from  one  of  the  specific  fevers  are  liable  to 
be  attacked,  multiple  patches  of  gangrene  developing  on  the  skin, 
especially  of  the  alxlomen.  The  patients  have  generally  been  much 
exhausted,  and  there  is  great  failure  <if  the  circulation.  Vet  sonu-  of 
the  worst  cases  of  multiple  cutaneous  gangrene  have  followed  chicken- 
pox  in  wliich  the  child  lias  suffered  beforehand  but  slightly.  In  old 
pco]>le,  multiple  gangrenous  patches  may  appear  wlien  many  of  the 
vessel.s  have  been  partly  obstructed  by  arteriosclerosis. 

Symptoms. —  The  first  sign  of  cutaneous  gangrene  is  a  red  blush 
with  slight  inflammatory  induration.  The  color  quickly  becomes 
dusky  and  ceases  to  disappear  on  pressure  ;  sensation  is  lost,  and  the 
patch  soon  becomes  gangrenous.  Several  of  these  patches  apj^Krar 
simultaneously,  or  one  after  the  other  within  a  day  or  two. 

Treatment. — The  only  s|>ecific  general  treatment  is  the  injection  of 
antistreptococcic  serum,  and  the  more  clear  the  erysipelatous  origin, 
the  more  likely  the  success.  Locally  an  cr>'sipclatous  patch  may  be 
painted  with  iodin  or  nitrate  of  silver,  w  ith  the  view  of  increasing  the 
circulation  by  countcr-irritatinn  and  so  preventing  thrombosis.  When- 
ever thrombosis  and  loss  of  sensation  preindieatc  gangrene,  the  skin 
should  be  raised  by  an  incision  and  a  strip  of  gauze  slipped  beneath. 
This  gives  any  skin  in  which  some  circulation  is  still  going  on  the  best 
chance  of  recover>*.  while  it  anticipates  the  collection  of  foul  pus 
beneath  the  slough.  As  soon  as  the  outline  of  the  slough  is  deter- 
mined, it  is  cut  away. 

Cancrtim  Oris;  Noma  of  the  Vulva;  Gangrene  of  the 
Umbilicti£. — Children  exhausted  by  sairlet  fever,  incislts.  and  other 
specific  fevers,  by  bronchopneumonia  or  general  neglect,  are  liable  to  be 
attacked  by  gangrene  which  commences  in  the  mucous  membrane  of 
the  mouth,  on  the  vulva  in  female  children,  and  at  the  umbilicus  of 
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infants.  It  is  distinguished  from  the  cutaneous  gangrene  by  rapidly 
burrowing  into  the  deeper  structures,  and  by  commencing  in  some 
excoriation  or  ulcer.  The  onset  is  insidious,  there  being  only  a  small 
superficial  slough,  beneath  which  the  septic  thrombosis  and  gangrene 
rapidly  go  on.  Moreover,  the  child  does  not  complain  of  pain,  does 
not  cry,  and  the  appetite  persists.  It  becomes  more  and  more  dull  and 
sleepy,  without  any  marked  rise  of  temperature,  then  deUrious,  and  the 
pulse  and  respiration  increase  in  rate.  The  first  sign  to  attract  atten- 
tion is  often  the  foul  smell ;  then  a  grayish  patch  will  be  found,  sur- 
rounded by  a  brawny  zone.  On  exploration,  stinking  sloughs  are 
brought  to  light.  In  cancrura  oris  the  cheek  may  be  rapidly  per- 
forated or  destroyed,  the  lower  jaw  becomes  necrosed;  or  the  upper 
jaw  may  be  similarly  affected  and  the  antrum  filled  with  pus.  The 
swelling  of  the  cheek,  in  the  absence  of  striking  symptoms,  may  be  at 
first  mistaken  for  alveolar  abscess.  The  child  may  die  of  septicemia, 
or  develop  septic  pneumonia,  or  the  gangrene  may  spread  to  the  neck 
first. 

Noma  may  extend  rapidly  on  the  vulva,  causing  a  deep  sloughing 
ulcer,  which  spreads  toward  the  pubes,  bladder,  or  rectum.  A  similar 
form  of  gangrene  is  occasionally  seen  in  the  scrotum  of  little  boys. 

Gangrene  of  the  umbilicus  is  common  amongst  the  poor  of  hot  cli- 
mates ;  it  rapidly  extends  to  involve  the  whole  thickness  of  the  abdomi- 
nal wall,  and  finally  the  peritoneum,  if  the  infant  lives  long  enough. 

Treatment. — The  occurrence  of  such  cases  is  prevented  by  care 
during  convalescence,  by  attention  to  thrush  or  carious  teeth.  System- 
atic cleanliness  is  required  to  avoid  excoriations  about  the  umbilicus 
and  genitals.  Immediately  cancrum  oris  is  recognized  by  the  foul 
smell,  grayish  slough,  and  brawny  induration,  active  treatment  must  be 
adopted.  A  little  chloroform  is  generally  given,  unless  there  is  marked 
drowsiness,  when  chloroform  is  not  only  superfluous  but  dangerous. 
The  head  must  hang  low,  so  that  no  slough  may  be  inhaled,  and  the 
mouth  well  opened  by  a  gag.  Then  as  much  as  possible  of  the  slough 
is  cut  or  scraped  away  until  vascular  tissue  is  reached,  without  going 
far  enough  to  excite  severe  hemorrhage.  This  may  include  the  re- 
moval of  the  alveolar  portion  of  the  upper  or  lower  jaw,  if  it  is  dead. 
Then  the  walls  of  the  cavity  left  by  removing  the  slough  are  scrubbed 
with  pure  carbolic  acid  or  0.5  per  cent.  (2  :  lOOO)  perchlorid  of  mer- 
cury. Care  should  be  taken  not  to  use  an  excess  of  the  antiseptic,  to 
guard  the  throat  by  a  sponge  on  a  holder,  and  to  keep  the  head  low. 
All  the  antiseptic  is  finally  washed  away  with  water.  The  actual  cau- 
tery may  be  used  instead,  merely  searing,  not  charring,  living  tissue. 
There  is  no  need  to  apply  fuming  nitric  acid,  since  its  application  is 
much  more  difficult,  and  it  penetrates  deeply  and  causes  more  pain 
without  being  more  efficacious  than  the  carbolic  acid  or  sublimate.  A 
gangrenous  patch  involving  the  tonsil  of  a  child  was  checked  at  once 
by  applying  pure  carbolic  acid.  Frequent  irrigation  with  permanganate 
of  potash  is  used,  along  with  iodoform  gauze  as  a  dressing.  Alter- 
nately, cavities  are  filled  with  gauze  saturated  with  1  or  2  per  cent 
of  the  permanganate.  Portions  of  the  lost  jaw  may  be  later  on 
replaced  by  new  bone ;  a  perforated  cheek,  or  one  in  which  the  jaw 
tends  to  become  closed  by  the  contracture  of  scar-tissue,  is  repaired  by 
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plastic  o|}erat]'on.s.  Gangrene  of  tht:  vulva  may  IcaU  to  severe  hcmor- 
rh.ige,  necrosis  of  the  pubes,  etc.  It  is  treated  a.s  above,  the  resulting 
cavity  being  well  plugged.  An  infant  is  not  likely  to  survive  gangrene 
of  the  umbilicus,  but  it  should  be  treated  promptly,  in  the  way  above 
described,  to  prevent  perforation  of  the  peritoneum. 

Phagedena— Hospital  Gangrene  (see  Chapter  VI I X — This  form 
of  inreclifuis  gangreiu-  is  nnw  most  frequently  seen  as  a  complication  of 
venereal  disease  and  of  ulcerated  legs,  and  is  under  the  former  circum- 
stances transmitted  by  tiirect  inoculation.  The  glans  maybe  destroyed, 
or  a  part  or  whole  of  the  penis,  and  the  skin  of  the  scrotum.  It  may 
extend  back  through  the  perineum  and  perforate  the  rectum.  In  the 
female  it  may  spread  to  the  bladder.  If  it  attacks  a  suppurating  bubo, 
the  ulcer  may  quickly  perforate  into  the  large  blood-vessels,  A 
phagedenic  ulcer  of  the  leg  commences  to  extend  rapidly  round  the 
leg  and  excavate  more  deeply,  .so  as  to  expose  the  bone. 

Phagedena  is  probably  caused  by  a  special  bacillus  inoculable  nn 
human  beings.'  The  surface  of  a  wound  liecomes  covered  witli  gray- 
ish-green sloughs  and  .stinking  pus.  It  is  often  a  mixed  infection,  ery- 
sipelatous gangrene  rapidly  extending  in  the  neighboring  skin  and 
tissues. 

If  phagedena  is  threatening,  the  sore  should  be  painted  with  pure 
carbolic  acid.  In  a  marked  and  extending  case  tlie  jxitient  is  anesthe- 
tized, and  all  ihc  sIout:;h  scraped  away.  Then  pure  carbolic  acid  is 
well  rubbed  in;  finally  all  the  carbolic  acid  is  washed  away  with  pure 
water.  The  pure  carbolic  acid  will  arrest  the  phagedena  at  once ;  it 
doe-s  not  penetrate  the  healthy  tissues,  and  owing  to  its  analgesic  prop- 
erties causes  little  pain.  Caustics  like  nitric  add,  caustic  potash,  arsenic, 
or  chlorid  of  xinc  are  diflficult  to  limit  and  give  much  pain.  The  actual 
cauter)'^  may  be  used,  as  it  can  be  exactly  applied ;  but  it  should  sear, 
not  char.  The  ulcer  is  dressed  with  iodoform  gauze,  with  gauze  wrung 
out  of  I  or  2  per  cent,  permanganate,  or  by  boric-acid  fomentations,  to 
which  opium  may  be  .itldcd  to  relieve  pain. 

Bed-sores,  or  Decubitus. — A  bed-.sore  is  a  gangrenous  ulcer  to 
which  a  patient  whose  circulation  is  weak  is  liable  owing  to  continual 
pressure  and  to  the  irritation  of  the  skin  by  dirt  and  sweat.  It  is  nearly 
always  due  to  the  absence  of  proper  medical  attention  and  nursing. 
The  older  and  more  helpless  the  patient,  the  greater  the  liability-  to 
bed-sores.  They  are  the  most  difficult  to  prevent  in  the  delirious,  the 
paralyzed,  and  the  insane.  Vet  no  bed-sore  of  an  extensive  kind  can 
be  looked  upon  as  inevitable.  Paralysis  due  to  injury  or  disease  of 
the  spinal  cord  is  not  necessarily  followed  by  bed-sores.  Public  infirm- 
aries and  asylums  now  record  the  number  of  bed-sores  which  occur, 
and,  owing  to  the  advance  in  the  standard  of  nursing,  the  number  of 
bed-sores  in  such  instilution.s  is  becoming  a  vanishing  quantity. 

Bed-sores  occur  on  the  sacrum  or  buttocks  owing  to  pressure  in 
the  dorsal  position,  over  the  great  trochanter  from  lying  on  the  side. 
over  Uie  anterior  iliac  spine,  knee,  dorsum  of  the  foot,  etc.,  from  the 
pressure  of  the  bed-clothes.  Bed-sores  are  seen  higher  up  on  the  spine 
or  between  the  shoulders  when  the  spine  is  curved  or  when  there  is  a 
ridge  in  the  bed.     Sores  may  be  seen  over  the  elbows  or  even  over  the 
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occiput  from  unduly  resting  on  these  bony  prominences.  Sores  appear 
on  tilt."  point  of  the  hcL-l,  over  the  nialk-oh".  or  on  the  side  of  the  knee 
or  elbow  from  ihc  pressure  of  n  splint.  The  upper  end  of  the  splint 
may  press  on  the  patient's  buttocks,  into  hiti  fork,  or  into  bis  armpit, 
and  so  cause  a  sloujjhi'np  sore. 

The  prevention  of  bed-sores  is  an  essential  part  of  ffood  nursing. 
The  bed  -shmild  bi-  itiade  uiih  a  firm  smooth  mattress,  not  a  feather- 
I)cd  ;  the  under  slnx't  and  Iilaiiket  must  be  chanijcd  before  they  are 
satura^lct]  wiih  sweat  The  dr.i\^'  shi-et  is  spread  free  from  creases,  de- 
pressions, or  prominences,  and  foreij^n  bodies,  such  as  bread  crumbs, 
arc  kept  out  Hut  tJie  great  preventive  is  the  \va.shing  o{  the  places 
liable  to  pressure  with  hot  water,  soap,  and  flannel  or  sjjonge,  lav'tng 
Willi  clean  water,  and  ccmipletely  drj'ing  with  a  smooth  warmed  towel. 
Most  weakly  pnlienls  cfinllned  to  bed  require  such  a  washing  twice  a 
day,  and  it  may  have  to  be  done  much  oftener,  indeed,  every  three 
hours.  Tlie  urine,  feces,  and  ilischargcs  from  wounds  should  be  ab- 
sorbed before  the  bed  is  .soiled.     The  urine  of  a  man  can  be  received 
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into  a  flask-shaped  urinal,  that  of  a  tittle  boy  into  a  smaller  vessel,  such 
as  a  large  test-tube.  Urine  coming  through  a  jx-rineal  wound  or  from 
a  female  with  incontinence  Is  received  into  a  pad  of  wool  or  compressed 
moss,  which  must  be  changed  before  it  is  saturated.  Incontinence  of 
urine  may  be  much  relieved  by  :iseptic  cathetcrism  and  irrigation  of  the 
bladtlcr.  The  feces  should  be  removed  as  soon  as  passed,  by  anticipating 
the  patient's  need  for  the  bed-pan,  by  regulating  the  bowels  with  aperients, 
by  administering  a  cleansing  enema  daily  to  remove  scybala,  and.  when 
there  is  complete  incontinence,  by  frequently  changing  the  pad  receiv- 
ing them.  As  supplements  to  hot  soap  and  water,  but  by  no  means  as 
substitutes,  turpentine  or  ether  may  be  used  tn  aid  in  removing  excess 
of  sweat  and  dirt ;  lotions  of  lead  acetate,  of  zinc  chlorid,  %A  silver 
nitrate,  or  of  spirit  harden  the  skin.  After  complete  drying,  a  dusting 
powder  of  zinc  oxid  and  starch  may  be  applied,  but  irritating  cakes 
will   form  if  there  is  any  moisture. 

A  prostrate  patient  requires  to  be  frequently  turned  to  one  side  or 
the  other ;  young  people  may  be  even  turned  on  to  the  face.     IVessure 
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is  also  taken  off  by  pillows,  air-cushions,  and  water-beds  of  various 
kinds. 

The  sufgcon  also  has  to  direct  his  attention  to  avoiding  bed-sores. 
He  has  to  see  that  the  nurse  is  assisted  in  turning,  lifting,  and  cleaning 
the  patient,  especially  when  he  is  heavy,  and  an  arrangement  with  pul- 
leys may  be  needed.  The  surgt-on  must  also  modify  his  treatment  of 
the  patient  with  this  object;  tU-fitliiig  plaster  jrickels  or  splints  should 
be  changed;  a  child  with  hip-joint  disease  must  have  both  legs  iixed 
on  side-splirts  (Hamilton's) sufficiently  wide  apart  to  be  easily  cleaned ; 
an  old  woman  with  an  intracapsular  fracture  of  the  femur  should  be 
got  up  into  a  chair  in   spite  of  ihi:re  being  no   union. 

Signs  and  Treatment  of  a  Bed-sore.— The  skin  fails  to  quickly 
regain  its  normal  color  when  pressure  is  released.  Instead,  it  is  of  a 
dusky  red  which  docs  not  disap^x;ar  under  the  finger  pressure;  the  skin 
feels  rigid  and  thicker  than  nonnal.  The  epidermis  becomes  detached, 
exposing  the  papilla-.  At  this  stage  recovery  is  still  possible.  If  the 
unfavorable  conditions  persist,  the  skin  becomes  gangrenous,  If  the 
part  pressed  on  is  first  rendered  anemic,  the  slough  is  grayish  white; 
if  there  is  beforehand  the  du.sk-j'  red  of  venous  congestion,  a  greenish 
slough  forms.  When  gangrene  has  not  definitely  set  in,  the  treatment 
above  noted  should  be  continued,  and  it  may  serve  to  limit  the  extent 
of  the  bed-sore.  But  when  the  skin  is  clearly  dead,  the  ^oner  it  is 
cut  away  the  belter,  after  which  the  sore  is  frequently  washed,  and 
dusted  with  lodnforni  atid  ilress[;d  with  gauze.  Shoulil  there  be  any 
sign  of  phagedena,  pure  carbolic  acitl  may  be  ]»ainted  on.  The  fre- 
quent antiseptic  dressings  should  produce  a  healthy  granulating  sur- 
face, ami  then  the  ulcer,  if  large,  may  be  covered  in  with  sktn-grafts. 
If.  after  the  removal  of  the  sloughs,  granulations  are  slow  in  forming, 
astringent  lotions  may  be  used  to  hasten  the  process.  A  young  patient 
covered  by  numerous  sores  may  be  kept  immersed  in  a  bath  with  a 
swim-collar  round  his  neck.  The  water  requires  frequent  changing, 
and  permanganate  of  p<>tash  t^^  boric  acid  may  be  adtled. 

Extensive  bed-sores  are  met  with  in  exhausted  patients.  If  not 
actively  treated,  the  ulceration  may  spread  to  the  spinal  meninges  and 
set  up  fatal  meningitis.  It  may  be  complicated  by  sluugliing  of  the 
bladder,  septic  pneumonia,  etc. 


CHAPTER   X. 
SURGICAL  TUBERCULOSIS. 

Definltlotl. — Tuberculosis  has  been  defined  to  be  (Watson  Chejme) 
"an  infective  disease  due  to  the  growth  in  the  tissues  of  a  parasitic 
micro-organism,  the  tubercle  bacillus."  (  Vii^e  Chap.  I.)  Its  histological 
characteristic  is  a  tissue  of  new  formation,  occurring  in  either  a  nodu- 
lar form  (the  classic  tubercle)  or  as  a  diffuse  infiltration  (Nelaton),  in 
which  are  found  the  essential  "  epithelioid  cells,"  combined  or  not  with 
"  giant  cells."  This  new  tissue  presents  a  marked  tendency  to  undergo 
a  special  form  of  degeneration — anemic  and  coagulation-  or  toxin- 
necrosis — termed  caseation,  and  to  excite  a  chronic  form  of  inflam- 
mation around  it. 

frequency.— In  former  times  the  subject  of  tuberculosis  was  com- 
monly relegated  to  the  physician  ;  but,  since  the  estabhshment  of  the 
identity  of  scrofula  and  tuberculosis,  the  ravages  of  the  tubercle 
bacillus  furnish  to  the  modern  surgeon  at  least  one-quarter  of  his 
work. 

Incidence. — Almost  every  organ  of  the  body  may  be  invaded  by 
tubercle ;  but  in  some  its  frequency  is  great,  while  in  others  it  occurs 
but  rarely.  Amongst  the  former  may  be  mentioned  the  lymph-glands, 
the  brain  and  its  envelopes,  the  lungs,  pleurae,  and  peritoneum,  the 
bones,  joints,  and  testicles  ;  and  amongst  the  latter  the  muscles,  ovaries, 
pancreas,  and  the  thyroid  gland.  While  the  Bacillus  tuberculosis  con- 
stitutes the  seed  of  the  disease,  a  special  "  abnormal  vulnerability " 
(Virchow)  of  the  lymphatic  tissue  affords  a  favorable  soil  for  its  fruition. 
This  is  the  body  state  described  by  the  older  writers  as  the  strumous 
or  scrofulous  diathesis,  a  state  which  may  be  either  inherited  or 
acquired.  This  same  state  likewise  increases  the  susceptibility  of  the 
system  to  other  infections  than  the  tuberculous,  such  as  the  syphilitic 
and  the  so-called  zymotic.  Different  physical  types  have  been  ingeni- 
ously described  as  associated  with  this  condition.  They  are  two — the 
fair  and  the  dark ;  and  usually  each  of  these  presents  two  varieties — 
the  fine  or  sanguine,  and  the  coarse  or  phlegmatic.  In  the  late  Sir 
John  Erichsen's  text-book  they  are  thus,  briefly  and  well  described: 

"  The  most  common  is  that  which  occurs  in  persons  with  fair,  soft,  and  transparent  skins, 
having  blue  eyes  with  large  pupils,  light  hair,  tapering  finders,  and  fine  white  teeth  ;  whose 
beauty,  indeed,  is  often  great,  especially  in  early  life,  being  dependent  rather  on  roundness  of 
outline  than  grace  of  form,  and  whose  growth  is  rapid  and  precocious.  In  these  individuals 
the  affections  are  strong  and  the  pmcreative  power  considerable  ;  the  mental  activity  is  also 
great,  and  is  usually  characterized  by  much  delicacy  and  softness  of  feeling,  and  vivacity 
of  intellect.  Indeed,  it  would  appear  that  in  such  persons  as  these,  the  nutritive,  (he  pro- 
creative,  an<I  the  mental  powers  are  rapidly  and  energetically  developed  in  early  life,  but 
become  proportionately  early  exhausted.     Cifo  muturus,  dto  pulridtu. 

"  In  another  variety  of  the  fair  scrofulous  temperament  we  find  a  coarse  skin,  short  and 
rounded  features,  light  gray  eyes,  crisp  and  curly  sandy  hair,  and  short  and  somewhat 
ungainly  stature,  and  club  fingen  ;  but  not  uncommonly,  as  in  the  former  variety,  great  and 
24U 
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early  menul  ariiviiy,  nn<I  oocaiJoBal1]r  much  muscular  stietijtth.  In  the  dnrk  fonn  of  icrcf- 
tilQU»  ttni|icnR)ciit  we  usually  find  a  jouxk  lirn\-y,  »ulk-n,  ami  futl^itliling  appL-srancc  ;  ■  dark, 
coaTse,  Mtlluw  oi  ^niyinh-Iuoking  5kin  ;  shon,  ihick,  and  htmli  curly  hair ;  a  vaaW  Mature, 
liul  (iflrti  a  pnwrrliil  aiid  ttn)ii|;-lnnli<r>l  frame  ;  witli  a  certain  degree  of  torpor  or  InneiKir 
«.if  the  nieniiil  fii>.ultio,  tliuu^b  ihc  powers  of  the  intellect  are  remarkably  develupetl.  Hie 
Hther  (lurk  :%irum'tuv  lempcnimenc  i,>  characterized  by  dear,  dark  eyes,  fine  bair,  mIIuw 
skin,  uid  by  a  inroU^I  and  phy&ical  nrK'nizatiua  itiai  closely  membfes  the  firM  deacrilied 
variety  u(  ihc  fair  siruinotu  diaibesii^" 

Sir  Frederick  Treves  regards  the  members  of  the  sanguine  ty|je  as 
those  whn  have  MtheritL-d  ihe  condition  :  the  phlegmatic  .is  having 
acfjuired  it  from  the  neglect  of  hygiene  in  their  envirciniiieiit. 

Age. — AH  periods  of  life  are  subject  to  tuberculosis,  hut  the  inci- 
dence of  the  surgical  aspect  of  the  affection  is  largely  in  childhood,  the 
strumous  glands  and  l>t.)nt'  and  joint  affections  occurring  most  iVc- 
qucntly,  though  by  no  means  exclusively  in  this  jjcriod.  The  other 
extreme  of  life  also  manifests  a  liability  tu  the  affection,  and  "  senile 
tul>erculosis "  and  "senile  scrofula,"  which  arc  now  interchangeable 
terms,  are  met  with  from  time  to  time.  The  affection  may  have  per- 
sisted or  rcm;iined  latent  from  early  life,  or  may  have  begun  dc  novo. 
The  form  most  freijueiuly  assiinied  Is  bone  or  tendon  disease  (frc- 
qucnlly  about  the  wrist,  when  the  well-known  pulmonan,'  association 
is  --^till  manifest);  but  cervical  glandular  enlargements  anil  other  local- 
izations occur. 

Histology  of  Tubercle. —  The  term  tubercle,  meaning  a  nodule. 
or  little  node,  lias  in  former  times  been  applied  to  three  diilcrcnt 
stages  of  the  one  inflannnator)-  process,  and  thus  three  different  forms 
Jiave  been  described.  The  crude  tubercle  was  the  name  applied  by 
Laennec  to  the  gross,  macroscopic  node  o{ ^cllinv  color  which  resulted 
from  the  caseation  of  many  coalesced  gray  nodules;  while  each  gray 
nodule  visible  to  the  naked  eye.  anil  having  a])])roximately  the  appear- 
ance of  a  millet  seed  (milium)  while  newly  formed,  and  not  having 
undergone  fatty  disintegration  and  aiseous  degeneration^  was  termed 
a  gray,  or  miliary,  tubercle.  The  microscope  soon  revealed  (he  fact 
that  each  such  miliar)*  tubercle  was  composed  of  an  aggregation  of 
minute,  invisible,  gray,  translucent  masses  of  a  similar  character,  for 
the  designation  of  which  (he  term  mhmiHary  luherclc  wa.s  coined  ;  and 
for  which  tlic  histological  name  tul)ercle  should  Ix;  reserved  to-day. 

The  tubercle  is  a  histological  entity  or  neoplasm  {infective  granu- 
loma) of  inflammatory*  origin,  resulting  from  irritation  of  the  invaded 
tissue  cells  by  the  Bacillus  tuberculosis  or  its  toxins.  Virchow  origi- 
nally taught  that  its  starting  point  was  always  in  the  ctmnccttvc  tissue 
or  other  mcsoblastic  structure ;  but  experiment  upon  animals  has 
shown  that  "  the  cells  which  arc  nearest  the  e.ssential  microbic  cause, 
irrespective  of  their  emhryological  origin,  their  histological  structure, 
or  their  physiological  function  "  (Senn).  are  the  scat  of  the  inflanmia- 
tory  proliferation.  Under  the  microscope  tjpica!  tubercles  can  l»c 
demonstrated  to  ctnisist  of  three  tvr,  perhaps,  four  constituent  clcincnls 
— leukocytes,  epithelioid  cells,  giant  cells,  and  a  reticulum.  The  retic- 
ulum of  tubercle,  first  described  by  Wagner  and  Schiippel.  is  now 
regarded  by  most  authorities  as  simply  the  pre-existing  connective 
tissue,  invaded  and  pushed  aside  by  the  new  cells,  and  when  furnished 
with  blood-vcsseb  it  is  invariably  so.     But  in  some  cases  the  reticulum 
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seems  to  be  formed,  at  least  to  a  lartje  extent,  by  the  processes  of  the 
epithelioid  cells,  or,  as  Watson  Chcync  claims,  may  be  simply  dif- 
fraction appearances  due  to  defective  illumination  of  the  specimens. 

As  the  cell-growth  i-s  most  active  at  the  center  of  the  mas.s,  and  a 
certain  pressure  is  thus  exerted  from  within  outward,  there  is  .seen  at 
tlie  periphery  a  thickening  of  this  network,  amountinjj  at  times  almost 
to  the  formation  of  a  capsule  (Warren),  which  appearance  is  at  other 
times  due  to  the  endothelial  growth  occurring  within  the  vessel  w]iosc 
wall  furnishes  the  seeming  fibrou.s  caj)su[e.  The  reticular  fibers  arc 
oftentimes  well  marked.     They  appear  to  radiate  from  the  margin  of 
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Fig.  33, — F'nrllnn  qF  11  cnrii]Kiiinil  nuilulr  frurii  a  lulicrculDui  tuKlis.  Srmlnifrmus  tubules 
with  «perTnaioecnv«i&  aricsitd  beyond  division  of  the  spcrtniilagoniiL  Inierstirml  ctrlls  with 
eryftallotdv  An  nrlrry  in  tr<in%rcliiiti  (iti  lliR  left.  Lymphoid  cngnulc  Mirrntiniling  ihe  wliole 
nixlulr.  <iiani  cell  wlui  It*  ptoct-iscs;  crcscrntlcalliy  arranged  nuclei,  It*  necrotic  tentrr.  Sur- 
rounding tbc  ginni  cdl  are  cpilhrlioid  cells  and  n  frw  lymphoid  colls  1  nuclei  rvpmvutctl 
lilnck).  Siirniiiniiing  the  gl-int  n-ll  ;infl  rpttltiOinid  <'c1K  v*  a  rr-iic^ular  t'spiiilr  mfiltratro  tvitb 
lymphoid  cf^llv  Outiid«  the  reiicular  capsuJc  are  epiibelioid  celli  ol  other  ponioni  t>|  ibe 
vompound  nvdul«. 

the  centra]  giant  cell  or  cells,  and  to  assume  a  concentric  arrangement 
at  the  periphery  of  the  granule.  The  ineshc-s  of  the  reticulum  ore 
occupied  by  some  giant  cells,  epithelioid  cells,  and  lymphoid  corpuscles. 
The  whole  is  called  a  "  giant-cell  system." 

The  giant  cells  of  tubercle  {tnacrocyUs  of  Klebs)  differ  in  nowise 
from  thcfsc  found  elsewhere,  as  in  granulation-tissue,  gummata,  sarco- 
mata, the  placenta,  inflamed  serous  membranes,  actinomycosis,  and 
bone-marrow  (the  mycloplaqnes  of  Robin).  They  are,  probably,  simply 
overgrown  and  plethoric  cells  which,  by  virtue  of  their  ameboid  move- 


ment,  have  succeeded  in  taking  up  more  than  their  share  of  the  sur- 
rounding pjibtilum  in  the  shape  of  fragmcntcil  Ictikocytcs,  They 
present  one  ixxulirtrity,  huwever,  in  the  arrangement  of  their  nuclei, 
which  tend  to  take  up  a  position  in  the  periphery  of  the  cell  with  their 
long  axes  radiating  from  the  center;  sometimes  they  are  "hui,]clh;d 
tOi:;ethcr  in  a  semilunar  cluster  at  one  end  '"  (Treves),  still  preserving, 
for  tJie  most  part,  however,  their  radiating  axial  arrangement.  Vacuoles 
or  necrotic  foci  are  of  frequent  occurrence  in  giant  cells.  Apparent 
vacuoles  may  result  from  faintly  stained  or  only  marginally  stained 
nuclei.  The  bacilli  of  t ulcere ulosis,  ahundant  enough  in  experimental 
tuherculosb;,  but  much  less  numerous  in  human  pathology,  are  found 
within  the  giant  cell,  but  manifest  a  preference  for  its  peripheral  i>art, 
more  marked  as  central  degeneration  progresses.  This  central  degen- 
eration, called  caseation,  is  a  marked  ciiaracleristic  of  tlie  giant  cell,  and 
consists  in  an  anemic  or  loxic  coagukition-necrosis  of  the  protoplasm. 
which  has  a  strong  tendency  to  spread  throughout  the  cell,  and  from 
one  giant-cell  system  to  another,  and  thus  to  give  rise  lo  coarse  cheesy 
masses  so  characteristic  of  the  tuberculous  process. 


Fir..  54,— niant  ftW  from  ih«  periphery  nf  a  niulLilc  of  a  iithrrcniMU  MHii,  u  ihiyir  occa> 
do«Ml  groupinxof  ihif  nuclei  toward  the  md  of  th*.-  c«ll.  Shows  jcfaiit-cetl  proeenei  and 
reticular  fibers  pauinglrto  ih«  gMni  cell;  tlto.  periphery  of  the  oucaiingftmu 


In  the  absence  of  caseation,  there  are  a  disappearance  of  the  bacillt, 
a  fibrosis  of  the  cellular  elements,  and  conversion  of  the  tuberculous 
mass  into  cicatricial  tissue.  The  origin  and  significance  of  the  giant 
cells  have  been  matters  of  much  dispute.  They  have  been  traced  by 
different  observers  to  epithelial  cells,  to  endothelial  cells,  to  connective- 
tissue  cells,  and  to  leukoc>'tes;  while  others  have  denied  their  cellular 
character  and  regarded  them  as  lymph-spaces  filled  with  coagulum, 
with  the  swollen  endothelium  of  their  walls  posing  as  nuclei.  The 
view  of  Baumgarten  is  generally  held,  that  the  giant  cells  result  from 
the  overgrowth  of  the  cell  with  muhiplication  of  its  nuclei  without  a 
corresponding  division  of  its  substance— possibly  the  result  of  the  irri- 
tation of  the  bacilli  in  its  interior.  The  fusion  of  several  epithelioid 
cells  has  been  invoked  to  explain  the  giant  cell.  Welcker.  repeating 
the  experiments  of  Mctschnikoff,  found  *'  no  evidence  of  multiple  kar^*o- 
kinesis  in  the  epithelioid  cells,  and  questions  this  mode  of  formation 
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for  giart  cells.  \\c  rcf^ards  direct  nuclear  division  as  the  most  fre- 
quent modu  of  formation,  but  docs  not  exclude  fusion"  {llcktocnj.  So 
far  as  the  significance  of  the  giant  cell  is  concerned,  Baumgartcn  and 
Weigert  regarded  it  as  a  stage  in  the  process  uf  destruction,  necrobiodc 
in  it»i  very  conce])tion ;  while  the  school  of  MetschnikofT.  of  which 
Ludvig  Hektoen  is  tht?  latest  exponent,  have  marshalled  a  great  deal 
of  evidence  to  prove  that  it  is  a  "  living,  active,  and  defensive  (meso- 
dermal) element,"  the  function  of  which  is  to  counteract  and  destroy 
bacilli,  and  uluniately  to  play  an  important  part  in  the  development  of 
the  victorious  cicatricial  tissue.  The  giant  cell  is  not  an  essential  or 
invariable  accompaniment  of  tubercle.  In  the  process  of  caseation  it 
is  one  of  the  last  structures  to  disappeai'. 
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FiC.  55,— From  tuberculous  W»ti».  Reticular  tubnxrle  from  periphery  of  «  nodule.  Shows 
reticulaiioii  niitfaimg  [lom  (Im;  i^ont  cell;  also  fibrib  |>.-iA«lnglnio  the  cell;  epilhelioid  cetb. 
Wiiipl)oicl  cclU  inuclci  black),  and  the  caseous  pntch  suiTuund«<l  by  a  fibroua  thcath. 

The  epithelioicJ   cells  of  tubercle,   the   platycA'tes  of  Ktcbs,  arc 

intermediate  in  size,  and  mostly  in  pr.isitinn  between  the  giant  cells  and 
the  leukocytes,  and  arc  two  or  three  times  the  size  of  the  white  blood- 
cell.  They  are  finely  granular,  snmeuhat  flattened  cells,  with  a  large 
oval  or  elongated  nucleus,  bearing  some  resemblance  to  an  endothelial 
cell  and  to  certain  epithelial  cells,  which  circumstance  led  Rtndflcisch 
to  designate  them  "epithelioid."  They  commonly  have  only  one 
faintly  stained  nucleus,  but  two  or  more  may  be  present  They  con- 
stitute the  bulk  of  all  recent  tuberculous  nodules,  or  tracts  of  tuber- 
culous infiltration,  and  being  invariably  present,  and  usually  holding 
certain  definite  relations  to  the  tubercle  bacilli,  may  be  properly 
regarded  as  the  es.sential  histological  element  of  tubercle. 

Chpyae  asserts  that  the  quickest  way  lo  find  tubercle  io  mij  given  tiuue  ia  to  eearrh 
with  a  low  }>nwer  for  traclh  of  epithelioid  celU,  and  lo  look  atnoiigst  these  for  the  h«L'illi. 
which  are  easily  to  be  found  in  oi  unonf;  thccn — in  his  nptnioD,  coididodI)'  within  ibcm — 
while  the  inniimnuiDri-  celU  beyond  are  vaid  of  nri^ni^mf).  A«  in  the  Riant  cell^  the 
liacilli,  when  p[c>enl,  affect  Uic  neighborhood  of  tlic  uucleut'  of  the  cpithclii>id  celb.  In 
further  Mipiiurt  nf  the  view  that  the  epithelioid  cell  x^  t)ie  e!>aeimnt  element  nf  luttcirle. 
BaumgttneD  has  found  id  tubercnloos  tiMiie  nuclear  division  only  tnthc  epithelioid  ceUa. 
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The  Murrn  of  ih(»  cfll*  arc  voriou-,  oiid  iliey  may  he  <lcrivc<i  from  the  epilheliutn,  ffum 
thr  mdoiholium  of  blond-  and  l)'n>jih  chniiDcl!),  aiid  Irom  (he  iimuc  and  |)]asoiH-ccUs  of  the 
invBded  stincniK*. 

Caseation  often  affects  tlie  epithelioid  celts,  but  it  docs  not  usually 
begin  in  them,  commencing  more  "fteri  in  the  intercellular  substance 
of  the  giant  cell.  In  the  process  of  healing  they  atrophy  and  are  can- 
verted  into  fibrous  tissue. 

The  leukocytes,  or  lymphoid  corpuscles,  are  the  lemaining element 
of  the  tuberculous  nodule  to  be  considered,  and  their  presence  is  a 
convincing  proof  of  the  inflamntiiton,'  character  of  the  process.  They 
arc  invariably  present,  and  abundant  in  proportion  tn  the  acuteness  of 
the  process,  are  scattered  among  the  i>ther  ccllidar  element.s,  and  con- 
gregate at  the  pcriphcn,'  of  the  nodule,  Hacilli  are  not  found  among 
them,  except  in  sputum  (J.  J.  Mackenzie),  and  they  undergo  no  tnms- 
formation  except  degeneration.  They  constitute,  however,  a  cellular 
b;irrier  around  the  tubercle,  and  are  necasionally  reinforced  by  a  fibrous 
wall,  particularly,  as  has  been  -iaid,  if  the  process  has  ticctirred  within 
a  vessel,  ("ohnheini  and  Zi<-gier  nininlain  that  the  Icukocyti^s  form  the 
bulk  of  the  tubercle  nodule;  the  epithelioid  and  giant  cells  a  minor 
part. 

It  will  thus  be  seen  that  the  tubercle  is  simply  a  circumscribed, 
inflatninatory  nodule,  produced  from  proliferation  of  fixed  tissue-cells, 
sliinulaled  by  the  presence  uf  the  Bacillus  tuberculosis  and  its  toxins, 
and  surrounded  by  the  usual  inflammatory  exudate  of  leukocytes. 
Owing,  however,  to  its  infective  character,  it  tends  to  spread  by  con- 
stant muUiplicalion  of  its  foci ;  and  thus  ntjt  only  is  it  locally  infective, 
but  its  virus  may  be  disseminated  from  every  focus  to  distant  parts  by 
the  lymph-  and  blood-currents.  It  may  also  be  conveyed  from  man  to 
animal,  from  animals  to  man  (?).and  from  man  to  man.  This  tendency 
to  ihe  formation  of  fresh  tubercles  is  mie  of  the  chief  and  tlistinctive 
characteristics  of  tuberculosis  ;  and  each  tubercle  (nodulation  or  infiltra- 
tion) is  in  its  time  destined  to  retrogressive  change. 

Three  chief  forms  of  degeneration  arc  described  :  («)  Simple  atrophy 
and  disappearance  of  the  tubercle;  \{i)  rapid  caseation  and  breaking 
down,  often  leading  to  what  is  termed  suppuration  (chemical  and  cold); 
and  (y)  slower  degenerative  changes,  generally  ending  in  some  degree 
of  calcification,  the  deposit  of  lime  salts  following  upon  the  process  of 
caseation. 

Channels  by  which  the  Virus  Enters  the  System. —  That  the 
Bacillus  tuberculosis  ma_\-  pass  from  the  mother  to  the  fetus  ut  vtero 
has  been  indisputably  established,  by  direct  obser\^ation  in  both  animals 
and  man  more  than  once,  since  Uaumgarten  asserted  its  possibility; 
but  that  it  does  so  with  infinite  rarity  the  accumulateii  evidence  also 
establishes.  This  mode  (»f  prdpagatinri  may  therefore  be  practically 
disregarded.  What  is  undoubtedly  actjuired  by  heredity,  however,  is  a 
peculiar  susceptibility  of  the  tissues  of  the  body  (fluid  and  solid)  to  the 
tuberculous  irritant,  a  condition  which  affords  a  favorable  nidus  for  the 
development  of  the  germ.  Tlie  route  by  which  the  tubercle-germ 
enters  the  system  most  frequently  is,  probably,  the  respiratory  [wssage, 
and,  next  in  fre<|ucncy,  with  a  common  avenue  of  ajiproach.  is  the 
digestive  tract.     In  the  former  case,  dust  infected  with  dried  sputum  is 
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the  likely  vehicle  of  the  contagium;  and  in  the  latter,  tuberculized 
articles  of  food,  such  as  meat,  milk,  and  water ;  and  the  mucous  mem- 
brane of  the  nose  may  be  infected  by  a  soiled  handkerchief  or  towel. 
Catarrhal  and  other  subacute  inflammatory  states  of  these  passages  facil- 
itate the  ingress  of  the  germ.  Abrasions  and  inflammatory  lesions  of 
the  skin  afford  an  avenue  of  access  through  this  protective  integument; 
and  the  mucous  membranes  of  the  genito- urinary  and  alimentary  tracts 
may  be  infected  by  accidental  contact  with  germ-laden  substances,  or 
secretions,  or  by  unsterilized  instruments  in  the  hands  of  the  surgeon, 
accoucheur,  or  dentist.  Piercing  the  ears,  tattooing  of  the  skin,  wounds 
of  the  fingers  by  contagium-bearing  china,  the  rite  of  circumcision,  and 
various  minor  lesions  of  the  integument  have  all  afl^orded  examples  of 
infection  thus  conveyed  ;  and  Laennec  himself  succumbed  to  phthisis 
in  later  years,  induced  by  an  accidental  wound  of  the  finger  incurred  in 
the  examination  of  a  body  dead  of  spinal  tuberculosis. 

The  general  treattnent  of  tubercttlosis  must  be  based  upon 
common  sense  and  what  we  know  of  the  life  history  of  the  germ  and 
nature's  mode  of  dealing  with  it.  Since  it  is  impossible  always  to  con- 
trol the  dissemination  of  the  seed,  much  attention  must  be  directed  to 
rendering  the  soil  unsuitable  for  its  fructification.  This,  it  is  hardly 
necessary  to  say,  can  be  best  effected  by  general  and  personal  hygiene, 
and  living  as  nearly  continuously  as  possible  in  the  open  air,  without 
incurring  exposure  to  too  extreme  or  sudden  vicissitudes  of  tempera- 
ture. In  this  respect  the  oblivious  third  of  life  spent  in  sleep  demands 
at  least  equal  care  and  supervision  with  the  waking  hours ;  and  the 
securing  of  an  uninterrupted  and  unlimited  supply  of  pure,  fresh  air, 
unattended  with  draughts,  throughout  the  night,  should  be  for  and  on 
behalf  of  the  tuberculous  patient  the  object  of  earnest  and  constant 
solicitude.  The  maximum  amount  of  sunlight,  the  virtue  of  which. 
locally  applied,  should  not  be  forgotten,  should  be  sedulously  sought 
To  complete  the  "  trinity  of  healing  graces,"  an  abundant  supply  of 
wholesome,  assimilable  food  may  well  be  added. 

Dryness  and  porosity  of  the  soil,  remoteness  from  the  bed  of 
streams  and  luxurious  vegetation,  propinquity  to  the  sea  or  the  moun- 
tain top,  are  conditions  of  environment  much  to  be  desired. 

Amongst  drugs  which,  under  varying  conditions,  prove  of  service 
may  be  mentioned  iron,  manganese,  quinin  and  strychnin,  iodin,chlorin, 
and  phosphorus,  with  their  potash,  soda  and  lime  salts,  creosote  and 
guaiacol,  cod-liver  oil  and  ichthyol,  protonuclein  and  methylene  blue, 
and  the  whole  host  of  antiseptics  ;  but  any  or  all  of  these,  in  the  absence 
of  the  first-named  trinity — free  air,  free  sunshine,  free  nutrition — ^are 
broken  reeds  indeed. 

Surgically,  all  causes  of  local  irritation  and  disease — carious  teeth, 
chronically  enlarged  tonsils,  cutaneous  eruptions,  parasites,  catarrhs, 
ulcerations,  and  what  not — should  be  carefully  sought  for  and  speedily 
removed,  as  giving  rise  to  conditions  markedly  favoring  the  localization 
and  the  fructification  of  the  germs ;  while,  on  the  other  hand,  local 
fixity  and  rest  (wherever  the  affected  part  may  be),  unimpeded  cir- 
culation, asepticity,  and  whatever  other  conditions  may  be  favorable 
to  cicatrization  must  be  promptly  enforced  as  powerfully  tending  to 
assist  the  tissues  in  combating  the  invaders  of  their  peace  and  sanctity. 
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Furthermore,  bearing  in  nitnd  that  the  natural  mode  of  cure  is  by 
fibrosis  when  possible  and  by  ulceration  wlicn  necessary,  it  is  clear  that 
so  soon  as  it  becomes  apparent  that  natural  efforts  at  cicatrization,  fa- 
vored by  such  means  of  art  as  tend  to  sclerogenests,  are  Hkely  to  prove 
unequal  to  the  task,  eradication  of  the  local  lesion  at  (he  surgeon's 
hands  is  urgently  demanded.  This  mny  be  effected  by  fire  and  sword. 
When  possible,  complete  ablation  with  full  antiseptic  care  and  primary 
union  is  much  to  be  preferred.  But  where  the  local  conditions  render 
this  impossible  or  inadmissible,  free  excision,  with  removal  of  under- 
mined and  infected  skin,  ^nd  thorough  scraping  of  the  affected  focus, 
may  be  ho[x-fulIy  resorted  to.  This  should  be  followed  by  swabbing 
with  chlorid-of-ztnc  solution  (40  grains — 2.6  gm. — to  tJ»e  ounce),  or 
with  pure  carbolic  acid,  penetrating  all  recesses,  nooks,  and  crannies, 
and  afterward  by  packing  with  sterilized  iodoform  and  iodoform  gauze, 
with  a  large  antiseptic  dressing,  and  fixation  by  splintage,  where  avail- 
able. Under  these  circumstances,  recovery  is  much  slower,  and  may 
be  interrupted  by  recrudescences  a«d  relapses,  demanding  a  repetition 
of  the  treatment. 


TUBERCULOSIS   OF   SKIN  AND   MUCOUS    MEMBRANE. 

General. — («)  Lupus;  (ji)  tuberciilosis  veni  cutis  ;  ())  scrofuloderma. 
Local. — These  are  essentially  locaIizc<l— that  is,  unassociated  with 
general  tuberculosis ;  and  Zcislcr  describes  four  varieties  :  (rt)  Verruca 
necrogenica  (anatomical  tubercle) ;  (^)  tuberculosis  verrucosa  cutis ; 
(f)  tuberculosis  papillomatosa  cutis;  (*/)  tuberculous  ulcerations  of 
skin,  of  tongue,  of  pharynx  and  larynx,  of  different  parts  of  the  ali- 
mentary tract,  including  fistula  in  ano. 

I/UpU8  Vtilgaris. — Senn  makes  the  statement  that  "  all  forms 
of  primar>'  tuberculosis  of  the  skin  are  the  result  of  direct  inoculation 
with  tubercle  bacilli ";  and  if  we  could  accept  this  dictum  Implicitly 
and  without  reserve,  then  we  should  agree  with  what  he  says  about  ihe 
description  given  of  the  different  forms  of  tuberculosis  of  the  skin- — 
viz.:  '*  It  is  time  that  these  immaterial  and  unimportant  distinctions 
should  be  set  aside,  and  these  different  affections  .should  be  included 
under  one  head,  as  priinarj'  tuberculosis  of  the  skin,  since  all  of  them 
present  the  same  histological  structure,  and  all  are  caused  by  direct 
moculation  with  tubercle  bacilli."  But  "Jonathan  Hutchinson  does 
rtot  accept  the  inoculation  of  the  tubercle  bacillus  from  without  as  an 
ordinary  cause  of  lupus.  It  seems  to  him  far  from  probable  that  the 
parasite  exists  during  long  periods  in  a  state  of  latency,  from  which 
any  local  injury  may  arouse  it  into  a  state  of  activity."  All,  however, 
are  agreed  upon  the  causative  agency  of  the  Iktcillus  tuberculosis. 
This  was  foreshadowed  clinically  for  a  long  time  before  the  dcmonstra- 
.tion  was  forthcoming.  Thus  Hebra  and  Fuchs  agreed  with  the  leading 
fFrench  and  English  authors  who  taught  that  lupus  was  one  of  the 
manifestiilions  of  scrofula,  and  that  anatomically  it  was  composed  of 
granulation-tissue. 

Vitchow,  RindflciKh.  HuctCT.  and  many  oth«r»  Terjr  ne«rlf  appratch^  the  truth,  but 
FricdUndcr  ms  ibc  firM  to  uktI  positively  its  tubcrculoui  chancict  and  to  doDoartrate  the 
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presence  of  miliary  tubercle  in  iL     The  crucial  test  of  bacteriolc^cal  experiment  has  bera 
decisive. 

The  artificial  tuberculosis  produced  In  animals  by  implantation  of  lupoid  tissue  has  been 
found  by  numerous  investigators  to  contain  the  Bacillus  tuberculosis. 

"  The  characteiistic  and  primary  feature  of  lupus  is  a  reddish-broWH^ 
or  pinkish,  or  yellowish  nodule,  becoming  paler  but  not  disappearing 
on  pressure,  of  soft  consistency  when  pressed  upon  by  a  blunt  instru- 
ment, situated  beneath  the  epidermal  layers  of  the  corium  "  (Bowen). 
This  nodule,  or  lupoma,  varies  in  size,  pursues  a  slow  and  chronic 
course,  and  in  its  evolution  or  involution  presents  a  variety  of  appear- 
ances characterizing  the  different  forms  of  lupus. 

Leloir  affinns  that  at  the  seat  of  the  disease  tactile  sensibility  is  diminished  and  the  local 
temperature  raised.  If  the  nodule  is  not  raised  above  the  surface  and  is  hardly  perceptible 
to  the  touch,  it  is  termed  lupus  maculosus.  The  macular  fonn  may  be  preserved  throughout,  or 
the  nodule  may  grow  into  elevations  perceptible  to  the  touch,  giving  rise  lo  what  is  termed 
lupus  ilevi.  When  many  such  nodules  have  coalesced  into  a  mass,  the  swelling  has  been 
termed  lupus  tumidus.  If  these  patches  do  not  ulcerate,  a  process  of  involution  and  con- 
traction occurs,  the  nodule  shrinking  up,  and  the  overlying  epidermis  consequently  becomes 
thicker  and  scaly.  Lupus  exfoliativus  is  thus  produced,  tending  to  end  in  a  cicatricial  con- 
traction. 

The  original  lupus  nodule  is  apt  to  be  attended  by  a  circle  of  satel- 
lites, and,  the  central  portions  undergoing  absorption  and  cicatrization, 
while  the  periphery  is  breaking  down  and  spreading  irregularly,  a  very 
common,  important,  and  intractable  clinical  variety  arises,  which  is  of 
long  duration,  highly  deforming,  resistant  to  treatment,  and  called 
lupus  scrpiginosus. 

When,  on  the  other  hand,  the  process  of  softening  and  breaking 
down  from  necrobiosis  occurs,  the  variety  termed  lupus  exulcerans  or 
\upus  i'xi'dens  is  developed.  The  so-called  ulcers  thus  arising  are  often- 
times covered  with  crusts  composed  of  the  cheesy  material  of  the 
degenerated  tuberculous  tissue,  and  oftentimes  the  products  of  second- 
ary septic  infection,  and  a  condition  arises  sometimes  closely  resembling 
eczema  impetiginosum.  When  the  crusts  are  removed,  the  lupus  ulcer 
is  seen  to  present  soft,  reddish  borders,  and  a  red  or  grayish,  granular 
base,  painless  and  insensitive,  and  of  soft  consistency.  Sometimes  an 
exuberant  granular  growth  occurs  and  large  fungoid  masses  are  devel- 
oped, giving  rise  to  lupus  papillaris  verrucosus,  the  favorite  seat  of 
which  is  the  nose.  Lupus  vorax  and  lupus  phagedenigue  are  classifica- 
tions descriptive  of  the  extent  and  depth  of  the  ulcer.  Lupus  is 
impartially  destructive  in  Its  progress,  and  all  tissues  are  in  turn  de- 
stroyed— cartilat,'e,  particularly,  falling  an  easy  prey. 

Localities. — The  face  is  the  favorite  site  for  all  forms,  the  nose 
especially;  and  of  this  organ,  particularly  the  al^e,  and  sometimes  the 
mucous  nicmbraiic,  where  it  oftentimes  exists  as  an  obstinate  crusting. 
The  cartilaginous  septum  is  attacked  with  avidity,  but  the  bone  not  so ; 
whence  results  the  appearance  described  as  the  "  lopped-oflT"  nose  of 
lupus,  as  distinguished  from  the  "sunken-in"  nose  of  syphilis.  The 
cheeks,  lips,  and  cars  arc  frequently  attacked,  the  external  auditory 
canal  and  menibrana  tympani  occasionally.  Lupus  of  the  forehead 
and  .scalp  is  rarely  primar)',  though  Ilebra,  Kaposi,  and  Leloir  have 
described  one  case  each.  One  writer  has  aptly  said  that  the  disease 
may  spread  anywhere  and  everj^where  until  naught  remains  but  the 
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cicatrix  stretched  tightly  over  the  bone,  studded  here  and  tlicre  with 
nodules  of  new  disease. 

Lupus  of  the  extremities  is  not  uncommon,  and  is  met  with  next  in 
frequency  to  the  face.  It  is  most  interse  frnni  the  elbows  and  hands 
downward,  frcqucnllj- serpiginous  in  outline,  and  begins  over  the  points 
of  ihe  articulations,  rarely  upon  the  palms  or  soles.  Great  deformity 
frt)n»  ciciilricial  conlraclions.  fistuliu.  caric-*,  necrosis,  and  elephantiasis 
from  obstructed  circiilalinn.  recurrent  lymphangitis,  and  dermatitis  may 
result.  I-upus  of  the  genitalia  is  very  rare.  Hebra  met  with  it  once 
upon  the  penis,  and  Taylor  has  seen  it  on  the  vulva. 

Lupus  of  mucous  mcmbratws  is.  peihaps,  rare  as  a  lirimarj'  afTection, 
but  .secondarily  it  occurs  ver\'  frequently.  Yet  primary*  tupus  of  the 
mucous  membrane  of  the  nose  is  not  infrequent,  and  is  often  mistaken 
for  eczema  nariuni.  Indeed.  Neisser  believes  that  the  most  frccjucnt 
extension  is  from  the  no.se  to  the  face.  The  si>ccial  characteri.stics  arc- 
not  so  marked  In  the  miicnus  membranes,  owing  tn  the  thin  e|>itlielial 
covering  not  offering  much  resistance  to  the  infiltration,  and  to  the 
con.stant  maceration  by  the  secretions.  According  to  Chiari  an<I  Riehl. 
the  lu])us  nodule  of  the  skin  is  replaced  in  the  mucous  membranes  by 
papillar\'  excrescences,  and  tliey  assert  that  the  bniwn-red  impalpable 
nodules  in  the  cicatrix  are  jiathngnoiiionic.  Lupus  of  the  cuniiinctival 
mucous  membrane  is  rare  as  a  primary  affection,  and  attacks  the  lower 
lid  first.  Lupus  of  the  mouth  and  pharynx  generally  coexists  with 
lupus  of  the  skin.  It  appears  upon  the  gums,  and  Leloir  once  found 
it  t»n  the  vault.  In  the  tongue  it  is  rare.  In  the  laryn.x  Ij^loir  met 
with  It  in  2  [jcr  cent,  of  his  ca.ses ;  and  Chiari  and  Riehl's  statistics 
showed  that  the  q*iglottis  was  almost  always  affected  (35  out  of  38 
cases), 

Leloir  has  described  a  lupus  eoUohie  and  myxomatcux  in  which  the 
degenerations  characterized  by  these  names  have  occurred. 

Kpithelioma  or  cpithelioinalous  change  not  infrequently  complicates 
lupus. 

Diagnosis. — The  diagnostic  features  of  lupus  may  be  said  t«i  be  the 
youth  of  the  patient,  the  "apple-jelly"'  appearance  of  the  nodules,  the 
ciciitnzation  of  the  center  while  spreading  at  the  margin,  and  the 
tentlcncy  to  relap.se. 

The  Profrnosis. — Owing  mainly  to  the  difficulty  of  removing  the 
growth  in  its  favorite  locality — tlic  face — beyt)nd  the  area  of  local 
infectivity,  the  ultimate  prf;gm)sjs  is  aKv.iys  dijublful.  The  prospect 
of  liKal  improvement  under  judicious  treatment  is  always  good. 

Treatment. — The  general  treatment  of  lupus  is  that  which  is  proper 
for  all  fiirms  of  tuberculosis.  In  the  local  treatment  it  would  naturally 
be  expected,  in  \*iew  of  the  character  of  the  affection,  that  excision 
would  prove  the  most  useful  and  satisfactorj'  remedy.  Practical  c.xjjc- 
rience,  however,  has  shown  that  this  is  n<»t  the  case,  owing  doubtless  to 
the  before-mentioned  difficulty  of  cutting  wide  of  the  disea.se  in  those 
portions  of  the  body  where  it  most  commonly  occurs.  For  this  rea.son 
relapses  in  the  cicatrix  are  not  uncommon  after  excision.  Linear  .scar- 
ification has  been  much  lauded  by  Volkmann  in  Germany.  Vidal  in 
France,  and  Balmanno  Squire  in  England.  Curetment  with  a  sharp 
spoon  or  curet,  being  more  generally  applicable  in  all  situations,  has, 
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on  thf  whole,  given  the  most  satisfactory  results,  when  freely  followed 
by  the  application  of  the  ciiutery  or  antiseptics  and  iodoform  dressings. 
Bougard's  paste  (cocainized)  occasionally  finds  useful  application  here, 
and  the  thernioaiutery,  cither  along  with  or  following  curettage,  is  a 
valuable  instrument.  Caustics  of  v;irious  kinds,  but  particularly  the 
pointed  stick  of  silver  nitrate  with  which  the  nodules  may  be  indi- 
vidually penetrated  and  destroyed,  are  oftentimes  attended  with  satis- 
factory destruction  of  the  growth. 

Tuberculosis  vera  cutis  U  n  mrr  nfTcctinn,  always  Kcondarv  to  tuh^iruln&i*  of 
mucous  incnibriDc«.  and  cflllcd  by  the  l-'iciich  uldrt  ti(s  phthiif^un.  Chiari  mu  the  itm  \o 
notice  thi4,  nn  the  l»wcr  lip  of  n  oulnver,  and  Jnrisch  intra  xulam.  Ilic  looition  is  almnfi 
txcliiwvHj-  at  IIm-  junction  of  »kin  aiwl  mu^-im*  nn-mlitamr ;  liiil  jnriKh,  l-«rloir,  and  V'aJlas 
have  Te)Kini-i]  inMancrs  cl-scwhcrc.  The  characierini;;  aiiuetromresarr  simple  slialluw  ulcvn 
wCh  edge*  xa&At  up  of  nnall  jagged  incle^ninlKni*,  rctultini;  from  the  Hrgrnrration  of  mili- 
ary tulri^rclcN  giving  a  " gnaw<il-uul ''  appearance.  The  rltiur  is  no).  n.s  a  rule,  iruMed,  boi 
15  covered  with  a  >icropijnilcnt  HtiiH.  nnd  with  oi-cniinnnl  yellowish  otpvations,  repre^rnlitqt 
miliary  tubercles,  M:iillcre<J  <jier  it.  Tlic^te  uker»,  unlike  those  •.>[  lupus,  are  usually  ptiinful. 
pTubAhlr  owing  to  the  site  nf  occurrence.  When  wcnirini;  on  the  glan»  j»ni»  Ihcy  have  been 
»)towii  to  be  Mcondai^'  to  tuherculosi?'  of  the  unuary  jmum^cs,  except  when  tnxxmlaled  Xirj 
the  Jewish  rite  nf  dirumcisinn,  of  which  l^hitinnti  hjr<t  ircurdtHl  lo  CA<^n.  Similarly  in 
the  vulva  they  are  secondary  to  taberciiloqs  of  the  iiicru<i  and  t«b(^v  The  counie  ttf  these 
uk'eTH  is  variable,  dcpciidinf;  Ut]gely  n|Km  the  prugressuf  ihc  general  aflet;tions  with  which 
they  arc  nxMTiri.itivI. 

Scrofuloderma  is  that  form  of  tuberculosi.s  which  affects  the  sub- 
cutaneous connective  tissue.  It  may  be  cither  primary,  or  consecutive 
to  softening  of  lymph-glands,  or  occur  as  perilymphangitic  noduius. 

Verruca  necrogenica  (anatomical  tubercle)  is  found  upon  tlic  fingers 
and  the  dorsal  surfaces  of  the  hands  of  pathologists,  the  result  of 
infection.  It  begin.s  as  a  simple  red  nudulc.  which  becomes  pustular 
and  soon  covered  with  a  scab.  Gradually  it  spreads  on  the  surface, 
becomes  thicker,  and  is  covered  with  papillary  growths,  giving  a  warty 
appearance.  It  ha.s  a  well-defined  margin.  Mere  and  there  on  the 
surface  are  .seen  small  points  of  pus.  which  can  be  squeezed  out  from 
the  deeper  layers.  In  some  cases  the  eruption  is  painful,  in  others  intio- 
ient ;  in  all.  it  may  spread  through  the  lymphatics  and  give  rise  to  fatal 
visceral  tuberculosis  (Warren). 

Tuberculosis  verrucosa  cutis  was  first  described  in  1886  by  Riehl 
and  I'allauf.  hi  this  the  patches  vary  from  the  size  of  a  dime  to  that 
of  a  silver  dollar.  When  fully  developed,  three  concentric  zones  may 
be  observed,  the  peripheral  one  er)*thematous,  the  second  composed  of 
little  pustules  or  of  scales  covering  pustules,  the  skin  of  a  reddish- 
brown  color  and  infiltrated,  and  the  central  zone  raised 0.1  inch  (2— 3  mm.) 
and  covered  with  papillar\'  growths  at  the  center.  Between  the  warty 
growths  are  fissures  and  small  abscesses.  The  growth  is  ver>*  sensitive, 
of  slow  progress,  Listing  from  two  to  fifteen  years.  The  lesion  is  situ- 
ated in  the  superficial  layers  of  the  cutis,  rarely  descending  to  the  level 
of  the  siidivriparous  glands  (Warren). 

Tuberculosis  Papilloma tosa  Cutis.— Of  this  an  isolated  esse  ha*  been  ducribed 
by  MoiTow.  It  wa>>  ri-iiuLrk«hle  fur  ihe  exicnl  and  nmount  of  the  warty  tubercular  Kn>wib, 
which  tiirulve<l  the  cheeks,  llie  u[)per  lip,  the  tioM,  ami  the  eyelids.  The  1iy)>enrupblc 
condition  and  the  papillary  cxcicBcentn  were  nolcwurlhy  features ;  but  it  ik  duubtful  if  it 
dcscH'e  a  separate  cUssilicfliion. 

Tuberculous  Nodes:  Scrofulous  Nodes;  Scrofulous  Qummata. — 

Under  this  head  has  been  described  a  subcutaneous  manifestation  of 
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tuberculosis,  at  first  hard  and  nodular,  afterward  softcninjj.  spreading, 
and  breaking  down.  Its  seat  is  commonly  the  subcutaneous  con- 
nective tissue,  but  it  sometimes  starts  from  the  ptriostcum.  and  on 
ulceration  exposes  bare  bone.  When  occurring  over  the  skull  and 
the  patella,  perforation  of  tbe  bone  cannot  infrequently  be  made  out. 
The  treatment  consists  in  excision  where  admissible;  and  where  this 
cannot  be  done,  thorou{»h  and  vigorous  scrapinp  followed  by  the 
cautery,  chlorid  of  zinc  (40  grains — 2.6  gm. — to  the  ounce),  pure  car- 
boh'c  acid,  and  indnfnr.n. 

Lupus  erythematosus  )ia»  bc«D  included  amcngM  the  *l(ln-nuinlf«sutionji  of  tuber- 
culosis by  *ti\\ve  advjmi-t-rl  authorities  mwler  the  IntcU'nJiiji  of  B«>^ipr ;  Itut  the  1u(mtcuIou» 
orieio  "f  llii"  M'nirrK-tri<'al,  lalcr-iipi>cflriiiK  nffcetinn  ha*  nrvcr  wl  litrn  Miiafncliirily  t-M.ib- 
lishet),  utii)  niiisi   ileciuutuliigi^u   siit-nuouhly  <ii;ny  ii  oa  both   clinkal   and  puihulogical 

Treatment  of  5kin  Tuberculosis. — Xiry  hot  air  (driven  through  a 
red-hot  metal  tube,  after  Ht>ll>mdcr"s  method,  raising  It  to  a  tempera- 
ture of  300°  0,  directed  upon  the  afTectcd  area,  exercises  a  remarkable 
and  beneficial  caustic  influence  upon  the  part.  The  Rontgen  rays,  con- 
centrated sunlight,  and  the  electric  light  have  been  spoken  of  favorably, 
as  has  also  electrolysis.  In  the  way  of  general  treatment,  arsenic  is 
the  drug  of  greatest  service,  combined  with  various  tonics.  The 
cantharidate  of  soda  or  potash  has  been  recommended  for  interstitial 
use  (Licbrcich).  Koch'.s  Tubcrcidin  R.  administered  within  a  reaction- 
ary limit  of  1"^  C.  has  certainly  proved  of  great  temporary'  utilitj'. 

Tuberculous  ulcerations  of  lociil  origin,  as  in  wounds  by  broken 
spittoons,  infection  of  wounds  by  sputum-soiled  articles,  the  saliva  of 
the  oj>erator  in  the  Jewish  rile  of  circumcisioi;,  and  so  forth,  are  best 
treated  by  excision  when  applicable;  but,  when  from  extent  or  l<x:ality 
this  is  out  of  the  question,  compresses  soaked  in  mcrciiric  chlorid  solu- 
tion, 1-3  grains  (0.065-0.13  gm.)  to  the  ounce  (White),  or  perman- 
ganate of  potash.  ^  per  cent,  to  2  per  cent.  (Butte),  may  be  employed, 
the  ])ain  being  relieved  by  the  subsequent  application  of  a  ct)cain  ttint- 
ment  Salicylic  acid  In  ointment,  or  in  Unna's  plaster-mulls,  or  maile 
into  a  paste  with  creosote  and  balsam  of  Pern  (cinnamic  acid)  finds  a 
useful  application  in  tuberculosis  of  the  skin. 

Old  sinuses,  as  in  Pott's  disease,  may  be  dissected  or  thoroughly 
scraped  out,  swabbed  with  a  95  per  cent,  glycerin  solution  of  carbolic 
acid,  sutured,  and  compressed.    Not  infrequently  primary  union  occurs. 


TUBERCULOIJS  LYMPHADENITIS. 

This  is  one  of  the  most  common  manifestalimis  of  the  tuberculous 
process,  and  constitutes  a  large  proportion  of  the  cases  of  chronic 
lymphadcnitts  that  come  under  observation.  The  glands  most  likely 
to  be  affected  are,  of  the  superficial  set,  the  cer\'ical  glands,  the  cubital, 
and  less  frequently  the  axillary  (Volkmann).  The  glands  of  the  lower 
extremit>'  are  much  less  often  alTected.  As  a  post-mortem  obscr\'ation 
it  has  been  sLited  that  in  children  the  order  of  frequency  is  the  cervical, 
the  mediastinal,  the  mesenteric,  and  the  rctro|jeritoneal ;  and  it  is  an 
astonishing  fact  that  in  more  than  one-half  of  all  the  autopsies  made 
upon  children,  evidences  of  tuberculous  adenitis  are  to   be  found. 
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While  the  frequency  of  incidence  is  as  above  stated,  any  or  all  of  the 
glands  of  the  body  may  be  implicated. 

The  affection  may  be  primary  or  secondary.  When  secondary 
it  is  generally  engrafted  upon  catarrhal  affections  of  the  mucous  or 
cutaneous  surfaces,  tonsils,  carious  teeth,  cutaneous  irritations  ;  and 
Treves  has  attributed  the  great  frequency  of  the  implication  of  the 
cervical  glands  to  the  extensive  collections  of  adenoid  tissue  found  in 
the  adjoining  mucous  membranes.  The  bacilli  are  generally  picked  up 
on  the  mucous  or  cutaneous  surfaces,  and  so  come  by  the  lymph-cur- 
rent to  the  glands,  but  they  may  gain  access  by  the  blood-stream.  The 
affection  is  a  common  one  in  childhood  and  early  adult  life,  but  may 
be  met  with  between  seventy  and  eighty  years  of  age  as  "  senile 
scrofula." 

The  symptoms  are  a  slow,  gradual,  painless  enlargement  of  the 
glands,  often  coming  on  insidiously,  of  variable  duration,  and  frequently 
proceeding  by  fits  and  starts.  The  glandular  swellings  are  at  first  dis- 
crete and  movable,  then  become  confluent,  and  when  peri-adenitis  has 
occurred  subsequently  adherent.  When  adhesions  have  been  formed, 
softening  may  quickly  follow  and  ulceration  be  developed.  Suppuration 
or  liquefaction  takes  place  slowly.  It  may  become  stationary  or  even 
retrogressive,  cheesy  or  calcareous.  The  skin  becomes  thin,  under- 
mined, reddish-purple  or  blue,  and  gradually  gives  way,  discharging 
cheesy  or  curdy  pus  and  debris ;  this  condition  may  continue  for 
months  or  even  years.  The  discharging  surface  may  be  contracted 
down  to  the  dimensions  of  a  sinus,  leading  to  a  caseous  or  cretaceous 
focus.  It  may  heal  over  and  practically  cease  from  time  to  time,  or  it 
may  ulcerate  widely  and  present  a  reddish-gray,  fungating,  and  fleshy 
protruding  mass.  When  healing  occurs,  the  cicatrices  are  apt  to  hie 
thin,  blue  and  weak,  adherent,  and  traversed  by  hypertrophic  bands, 
forming  irregular,  puckered,  and  hypertrophic  scars.  Occasionally, 
however,  the  scars  are  of  surprising  fineness  and  suppleness. 

So  far  as  the  pathological  anatomy  is  concerned,  we  find  the 
ordinary  phenomena  of  a  simple  inflammation  plus  tuberculous  fod 
{gray  or  yellow),  followed  by  caseation,  liquefaction,  or  cretification. 
Bacilli  arc  absent  in  the  later  stages,  but  the  tissues  are  still  infective, 
probably  owing  to  the  presence  of  spores. 

The  diagnosis  must  be  made  from  simple  adenitis,  from  lymph- 
adenoma  and  lyniphosarcoma. 

The  treatment  resolves  itself  into  general  and  local.  The  general 
is  that  which  i.s  appropriate  for  other  tuberculous  affections.  The  local 
involves  the  treatment  of  the  gland,  the  sinuses,  and  the  abscesses. 
While  tlie  glands  are  still  small  and  few  in  number,  surgical  interven- 
tion may  not  be  required.  Painting  the  surface  with  iodoform,  ichthyol, 
and  belladonna,  and  securing  fixity  for  the  part,  together  with  the  con- 
stitutional treatment,  may  be  all  that  is  required.  If,  however,  they 
manifest  a  tendency  to  enlarge,  to  run  together,  and  to  soften,  they 
should  be  promptly  removed.  In  their  removal  the  attempt  should 
always  be  made  to  extirpate  the  gland  with  its  containing  capsule, 
and  in  view  of  tlie  importance  of  the  structures  to  which  they  are  not 
infrequently  adherent,  after  the  gland  is  reached,  blunt  dissection  is  for 
the  most  jxirt  appropriate.    If  the  capsule  be  accidentally  or  of  necessity 
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opened,  the  contents  should  be  rcmovt'd.  and  the  walls  quickly  scraped 
with  a  sharp  curet.  the  cavity  swabbed  out  with  chlorid  of  zinc  (Ijo 
grains — 2.6  gm. — to  the  ounce)  or  a  95  per  cent,  solution  of  carbolic 
acid  in  glycerin,  and  siil>sec|nertly  packed  with  iodoform  gauze  for 
three  or  four  days.  At  the  end  t>f  this  time  the  gauze  should  be 
removed  and  the  opposite  surfaces  brought  together  and  compressed, 
under  which  circumstances  priniar)'  union  will  not  infrequently  occur 
if  uniform  pressure  and  absolute  immobility  be  maintained. 

The  sinuses,  wlien  suitably  located,  are  also  best  dealt  with  by  com- 
plete excision,  as  will  rot  infrequently  hajjpen  in  cases  of  fistula  in  ano. 
If  they  cannot  be  excised,  however,  they  should  be  thoroughly  curetted, 
and  when  occurring  in  the  subcutaneous  tissue  the  little  bunch  of  exu- 
berant granulations,  which  marks  the  entrance  to  the  subjacent  tuber- 
culous glandular  focus,  should  always  be  sought  for  and  diligently 
followed  up.  After  a  free  use  of  the  sliarf)  ciirel.  the  sinuses  should 
be  treated  precisely  as  before  mentioned  with  regard  lo  the  glands 
whose  capsule  has  been  oi>ened. 

The  treatment  of  the  abscesses  is  conducted  upon  the  same  prin- 
ciple, and  often  although  very  extensive,  as  in  cases  of  Pott's  disease 
of  the  spine,  or  the  so-called  psoas  abscess,  several  well-placed  inci- 
sions will  give  access  to  tlii:  whole  cavity,  allowing  of  a  thorough 
curctmcnt  of  the  granulation-tissue,  subsequent  disinfection,  and  dress- 
ing, as  in  the  case  of  the  sinuses.  Occasionally  cases  will  be  met  with 
in  which  the  iodoform  packing  may  be  omitted  and  primary  union 
sought  at  once  by  judicious  compression  and  fixation. 

For  inducing  sclerogcnesis  about  tuberculous  foci  Lannclonguc 
highly  recommended  the  injection  of  weak  solutions  of  chlorid  of 
zinc  into  and  around  the  focus.  Licbreich  has  highly  lauded  the  vir- 
tues of  the  cantluiritlatc  of  soda  and  potash  as  being  capable  of  stim- 
ulating the  vital  resistance  of  the  tissues. 

Tuberculosis  mammv  is  a  rare  disease,  and  the  literature  of  the 
subject  is  very  scant.  Roux  made  a  collection  of  34  cases,  of  which  2 
were  males.  In  2  cases  both  breasts  were  aflectcd  ;  the  age  varied  from 
sixteen  to  fifty-two  years;  and  in  24  of  the  cases  the  tuberculosis  of 
the  breast  was  secondary  lo  its  occurrence  eisewhere.  As  showing  the 
functioning  of  the  breast  as  the  i)redis|H>sing  cause,  Mandr\''s  collection 
of  40  cases  gave  only  I  in  the  male  breast ;  most  were  developed  shortly 
after  confinement,  the  ages  varying  from  sevtnlecn  to  fiftj'-two  years. 

We  owe  tfac  Gnt  scientific  study  of  the  subject  to  Dubar,  who  publiihed  hit  wurk  in  1S81, 
and  whn  was  followed  by  \je  Dentu  i>nd  by  Olnnckcr  in  18S3.  Ra^Wf^ll  I'arlc  of  Butfulo 
wtft  the  fint  to  Ucftt  of  the  utbjcct  in  [Cngliih,  in  18S7.  Since  then  Oithniann,  llcring, 
Mandry,  Ronx,  Catnpenon,  Ijine,  Shntiuck,  and  oihen  have  made  c<>ninbuti(iii«  on  the 
tubjecL     A  genera)  sammary  wai  published  by  I*owcr«  in  the  Annalt  0/  SM>grQ'  in  Ilt94. 

During  lactation  it  is  a  double  source  of  danger,  being  liable  to ' 
infect  the  mother  and  the  child  with  miliary  tuberculosis. 

It  usually  commences  around  an  acinus  of  the  gland  or  c^^en  within 
one.     The  disease  begins  insidiously.     One  or  more  swellings  of  irreg- 
ular shape  appear,  incrca.se  pretty  rapidly,  tend  to  soften  and  break 
—^      down  in  the  center,  and  form  a  chronic  abscess,  which,  if  left  alone, 

■  eventuates  in  fistulx  or  sinuses  which  have  no  tendency  to  heal,  and 

■  will  present  the  usual  undermined  appearance  of  a  tuberculous  sinus. 
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As  before  mentioned,  the  periods  of  functional  activity  are  most 
prone  to  the  affection,  it  occurring  during  puberty,  pregnancy,  and  the 
puerperium. 

Cold  abscesses  and  chronic  fistulse  are  the  forms  generally  assumed 
by  tuberculosis  of  the  breast  and  axilla  when  they  come  under  notice. 
Three  forms  have  been  described:  («)  The  single  diffuse  swelling; 
(^)  multiple  fluctuant  areas;  and  (y)  one  or  more  hard  nodules  in 
different  stages  of  caseation. 

Axillary  glands  may  be  involved  with  or  without  the  formation  of 
abscess,  or  they  may  be  entirely  unaffected.  Disseminated  tubercles 
may  be  found  in  the  tissues  around  the  breast.  The  disease  tends  to 
spread  by  the  lymph-paths. 

The  diagnosis  is  best  made  by  bacteriological  examination,  other- 
wise it  may  remain  uncertain,  even  when  associated  with  tubercle  else- 
where. The  upper  and  outer  quadrant  of  the  gland  is  that  usually 
attacked ;  and  the  onset  is  sometimes  secondary  to  tuberculosis  of  the 
axillary  glands. 

Symptoms  of  cold  submammary  abscess  may  be  met  with  secondary 
to  tuberculosis  of  the  ribs,  sternum,  or  pleura,  or  to  empyema.  In 
primary  tuberculosis  of  the  mamma,  infection  may  have  taken  place 
along  the  milk-ducts  or  by  way  of  an  open  wound  in  the  breast  or 
nipple. 

Spontaneous  healing  has  been  observed  where  the  foci  were  small 
and  few.  Encapsulation  and  calcification  may  exceptionally  occur; 
but  the  general  tendency  is  to  persist  indefinitely  and  to  spread — a 
constant  drain  upon  the  vital  powers  and  a  continual  menace  to  the 
general  health.  ' 

The  treatment  is  the  same  as  for  carcinoma,  by  early  and  complete 
ablation,  together  with  the  lymph-glands,  if  any  be  found  to  be  involved. 
If  the  patient  be  unwilling  to  sacrifice  the  breast,  the  treatment  already 
laid  down  for  sinuses  and  abscesses  will  be  appropriate  and  sometimes 
successful. 

TUBERCULOGIS  OF  THE  SEROUS  MEMBRANES. 

Serous  membranes  may  be  affected  by  tuberculosis  either  primarily 
or  secondarily.  In  the  latter  case  the  focus  may  be  found  in  a  subja- 
cent viscus,  in  neighboring  connective  tissue,  or  in  adjacent  lymph-gland 
or  bone.  Thus  we  may  have  tuberculous  meningitis  from  middle-ear 
or  mastoid  disease,  pleuritis  from  pulmonary  or  rib  tuberculosis,  and 
peritonitis  from  tuberculosis  of  the  mesenteric  glands,  intestines,  or 
Fallopian  tubes. 

The  role  of  the  surgeon  in  these  cases  is  generally  that  of  an  oper- 
ator, and  the  diagnosis,  causation,  and  associations  or  complications  are 
commonly  determined  before  he  is  called  in.  His  part  is  therefor* 
limited  to  the  local  operative  treatment. 

Tuberculous  Mettiugitis. — The  evidence  so  far  accumulated 
does  not  warrant  a  belief  that  any  material  amelioration  is  to  be  ex- 
pected from  surgical  intervention  in  this  condition.  It  goes  to  show, 
however,  that  it  may  contribute  somewhat  to  euthanasia  by  diminution 
or  arrest  of  convulsions  through  the  removal  of  tension  by  puncture 
or  aspiration  of  intracranial  or  spinal  fluid.     The  withdrawal  and  ex- 
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amination  of  fluid  has,  however,  on  numerous  occasions  proved  helpful 
in  diagnosis.  Thus  D'Astros  is  of  opinion  that  "in  ventricular  h)'dr<j- 
cephalu&  the  small  proportion  of  albumin  and  the  abundance  of  sodium 
chtorid  found  in  the  exudate  furnish  a  ready  means  of  distinguishing 
the  cerebrospinal  fluid  from  that  found  in  the  extraventricular  effusion." 
Whilst  he  expects  nothing  from  sur^^ical  procedure  in  the  former,  he 
hojKJS  to  find  much  practice.]  ulitiiy  in  the  latter. 

The  older  nn.tln»ds  of  relieving  intracranial  tension  by  the  use  of 
the  trephine  and  puncture  have  in  a  measure  been  superseded  by  the 
adoption  of  the  suggestion  made  by  Wynter,  and  carried  out  by 
Quincke,  of  withdrawinfj  the  fluid  by  puncture  in  the  second,  third,  or 
fourth  intcrx'crtcbral  space  of  the  lumbar  spine.  Furbringer  has  had 
quite  an  extensive  experience  with  the  method,  and  in  37  cases  of 
tuberculous  meningitis,  he  succeeded  in  demonstrating  the  tubercle 
bacillus  in  30,  or  So  per  cent. 

The  puncture  should  be  made,  with  the  patient  sitting  up  or  bent 
forward,  on  the  plane  of  the  junction  of  the  superior  and  middle  thirds 
of  the  spinous  process,  about  two  Rngers'  breadth  from  the  median 
line.  After  passing  through  the  skin  tlic  needle  should  be  directed  a 
hltlc  upward  and  inward.  "  With  new-born  infants  the  needle  should 
penetrate  i  cm.  (|  inch),  and  with  older  children  tlic  depth  should  be 
increased,  approaching  7  cm.  (2^  inches),  which  is  the  dqjth  necessary 
in  the  robust  adult."  Heubner  prefers  lumbar  puncture  to  Lipping  tif 
tiie  ventricles  m  chronic  hydrocephalus.  The  method,  however,  has 
not  been  uniformly  void  of  iin])leasant  symptonjs.  It  goes  without 
saying  that  the  strictest  antiseptic  precautions  must  be  rigidly  observed 
in  its  pnictiec. 

In  tuberculous  pleurisy  and  empyema,  on  the  other  hand, 
surgery  finds  a  field  for  frequent  useful  anil  beneficent  employment, 
as  well  as  in  the  non-tuberculous  varieties,  though  it  is  with  the  former 
alone  that  the  present  chapter  is  concerned.  According  to  Ncttcr's 
tables,  empyema  in  children  is  of  tuberculous  origin  in  only  25  per 
cent,  of  the  cases,  the  other  75  per  cent,  being  due  to  the  Bacillus 
pneumonia,'  (53.6  per  cent,  to  Oo  |jer  cent.),  the  Staphylococcus  pyc»g- 
cnes.  or  Strei>tt>coccus,  Eberth's  bacillus,  and  the  Bacillus  coli  com- 
munis; while  the  statistics  of  Netter  and  of  Kichhorst  placed  the  fre- 
quency of  tuberculous  pleurisies  at  65.2  to  68.5  per  cent,  in  adults. 

Three  methods  of  treatment  are  available — simple  aspiration,  drain- 
age, and  rib-resection  (thoracoplasty,  or  Estlander's  operation).  In  every 
case  operation  shotdd  be  preceiled  by  the  wilhdr.iwa!  of  fluid  by  the 
hypodermic  syringe  or  special  ex]jloring  innar  for  verificatit)ii  of  ihc 
diagnosis,  care  being  taken  that,  after  disinfection  of  the  syringe  and 
needle,  any  coagulating  antiseptic  shall  be  removed  in  sterilized  water 
before  the  puncture  Is  made. 

Simple  Aspiration  (Thoracentesis.  Paracentesis  thoracis). — The 
sites  of  election  for  the  puncture  are  the  sixth  or  seventh  space,  just 
in  front  oi  the  posterior  foUl  of  the  axilla;  the  eighth  or  ninth  space, 
external  to  tlie  angle  of  the  scapula  ;  and  the  fifth  sjkicc,  just  csrtcmai 
to  the  costal  cartilage  (as  recommended  by  John  Marshall),  or  where 
bulging  is  most  prominent  or  dulness  greatest 

The  mean.s  employed  arc  the  ether  spray  or  ethyl  chlorid  or  Schlcich's 
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solution  as  a  local  anesthetic,  cocain  being  generally  inadvisable  on  ac- 
count of  its  depressing  influence;  a  Dieulat'oy,  Potain,  or  other  aspira- 
tor, or  a  trocar  and  cannula,  with  tube  and  basin  of  antiseptic  solution 
for  siphonage.  The  puncture  should  be  made  valvular  by  a  prelimi- 
nary drawing-up  of  the  skin.  The  removal  of  the  fluid  should  be  efiected 
slowly  to  allow  of  gradual  expansion  of  the  lung,  and  much  distress,  or 
cough,  or  blood  is  an  indication  for  cessation.  After  the  fluid  is  with- 
drawn, the  puncture  in  the  skin  should  be  sealed  with  a  film  of  cotton 
soaked  in  acetanilid  and  collodion.  The  fluid  should  be  preserved  for 
chemical  and  microscopical  examination.  A  purulent  effusion  may 
occasionally  be  permanently  cured  in  the  child  after  one  or  two  aspira- 
tions (particularly  if  due  to  the  pneumococcus),  but  this  is  not  to  be 
looked  for  in  the  adult.  The  view  has  been  entertained  by  some  that 
the  tuberculous  lung  is  the  better  for  the  compression  and  splintage  of 
the  effusion ;  such  persons  would,  of  course,  object  to  aspiration. 

Drainage  by  Puncture,  Simple  Incision,  or  Rib-resection  (Thoracot- 
omy)— When  the  fluid  in  the  pleiyal  cavity  has  been  shown  by  aspi- 
ration, by  the  hypodermic  syringe,  or  otlierwise,  to  contain  pus,  drain- 
age, except  occasionally  in  the  child,  should  be  at  once  resorted  to.  If 
this  be  not  done,  nature  will  attempt  to  evacuate  the  abscess-cavity 
either  through  the  lung  or  through  the  third  intercostal  space  a  short 
distance  from  the  sternum.  The  sites  of  election  for  drainage  are  those 
already  mentioned  in  connection  with  aspiration.  Any  bulging  or 
"  pointing  "  spot  may  properly  be  incised,  but  if  not  suitable  for  drain- 
age should  be  supplemented  by  another  opening  in  one  of  the  aforesaid 
appropriate  positions.  Too  low  a  point  should  not  be  selected,  as  it 
may  be  covered  by  the  diaphragm,  which  rises  after  the  evacuation.  As 
a  general  principle,  it  may  be  affirmed  that  the  point  best  suited  for  long- 
continued  drainage  is  that  calculated  to  be  the  last  to  close,  somewhere 
in  the  equator  of  a  globular  cavity. 

In  draining  by  puncture  all  necessary  or  possible  antiseptic  precau- 
tions, with  regard  to  operator,  field  of  operation,  and  instruments,  hav- 
ing been  duly  and  scrupulously  observed,  and  the  site  selected,  a  short 
incision  may  be  made  by  a  sharp  knife  through  the  skin,  and  a  trocar 
and  cannula,  as  large  as  the  intercostal  space  will  admit,  thrust  sharply 
through  the  muscle-wall  and  the  pleura,  the  thrust  being  thus  made  so 
as  to  perforate  and  not  push  the  serous  membrane  before  the  cannula. 
The  upper  edge  of  the  lower  rib  bounding  the  space  should  be  hugged, 
so  as  not  to  endanger  the  larger  branch  of  the  intercostal  artery,  which 
runs  under  cover  of  the  groove  in  the  lower  border  of  the  upper 
rib. 

When  the  fluid  has  been  evacuated  a  rubber  tube  may  be  passed 
through  the  cannula,  the  latter  is  then  withdrawn,  and  the  former  is 
fixed  in  position  by  safety-pin  or  stitch,  or  by  having  its  free  extremity 
split,  turned  over,  and  fastened  on  the  chest-wall  as  a  flange.  Where 
danger  of  compression  of  the  rubber  tube  exists,  a  metal  sheath  may 
be  properly  employed  for  the  portion  which  lies  between  the  ribs.  The 
tube  should  project  just  within  the  pleura  and  no  more,  since  nothing 
is  gained  by  having  a  foreign  body  within  the  cavity  ;  and  if  it  be  desired 
to  irrigate  subsequently,  a  smaller  tube  may  be  readily  passed  through 
the  larger  one  to  the  bottom  of  the  sac,  if  need  be.     Pulmonary  exer- 
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ciscs  and  gj'mnastics  may  be  employed  to  facilitate  drainage.  Both 
pleura!  cavities  should  not  be  drained  at  once  ;  or  not  until  some  degree 
of  liintj-expansion  has  been  obtained.  In  view  of  the  possibilily  of 
syncope,  withtJrawal  of  the  fluid  shciuld  he  :iccnmpH>hpd  slowly,  re- 
cumbency maintained,  antl  stimulants  kept  within  reach.  If  obstruction 
of  the  tube  occur,  as  not  infrequently  happens  from  a  coaculum  of  pus. 
blood,  or  lymph,  it  will  be  convenient  to  have  at  hand  a  hook,  or  bent 
wire,  wherewith  to  effect  its  removal.  Failing  this,  a  probe,  or  director. 
or  stream  of  antiseptic  fluid  will  dislrvdge  it  backward  into  tht-  cavity 
again.  Oftentimes  the  wiiUli  of  the  intercostal  siwce  is  insufficient  to 
afford  free  drainage,  and  then  it  becomes  neces-sary  to  increa.st-  the 
opening  by  the  resection  of  a  portion  of  one  or  more  rih.s.  This  may 
be  effected  in  the  case  of  one  rib  by  an  incision  along  the  mid-h'ne  of 
the  rib  down  lUrougli  its  periosteum,  which  should  then  be  separated 
to  the  necessary  extent  by  a  raspatory  or  rugine  (two  of  wlitch  should 
be  at  hand,  one  for  the  outer  side,  and  a  more  curved  one  for  tlvc  inner), 
and  a  sufficient  lenjith  of  the  rib  then  removed  either  by  a  Hey's  saw 
supplemented  by  bone-forceps,  or  by  a  rib-shears.  It  is  well  to  secure 
the  intercostal  vessels  by  ligature  or  otherwise,  and  to  remove  the  de- 
tached periosteum  or  thickened  pleura  which  interferes  with  free  drain- 
age and  frequently  reconstructs  the  hone.  If  portions  of  two  (or  more) 
ribs  arc  tn  be  removeil.the  first  incision  maybe  made  in  the  intercostal 
space,  and  the  ribs  dealt  with  as  before ;  or,  as  is  to  be  preferred,  after 
Gould's  manner,  by  a  vertical  incision  covering  both  ribs. 

Dratnagt'  by  Rib-rtsa-lion. — In  some  cases.  aftLT  free  <lrainage  of  the 
pleural  cavity  has  been  secured  and  long  maintained,  it  becomes  appar- 
ent that  from  failure  of  lung-cxjxinsiou  and  diaphragmatic  accommo- 
dation, and  insu]>erable  rigidity  of  the  costal  wall,  obliteration  of  the 
suppurating  sjiace  cannot  tike  place,  the  only  remedy  then  is  to  break 
down  and  remove  the  bcny  wall.  This  jiractice  was  first  suggested  by 
Warren  Stone  of  New  t)rlcans.  but  popularized  by  Kstlandcr.  under 
whose  name  it  goes.  The  object  is  to  allow  the  granulating  surfaces  to 
fall  together,  to  coalesce,  and  to  cicatrize ;  and  this  can  be  accomplished 
only  by  the  entire  removal  of  the  b4iny  barrier.  The  extent  of  the 
operation  will  therefore  dejicnd  on  the  size  of  the  cavity,  and  will 
vary  from  the  exsection  of  portions  of  two  or  three  ribs  to  the  removal 
of  nearly  the  whole  of  the  bony  part  of  all  from  the  second  to  the 
seventh  inclusive.  Above  the  second  it  is  not  well  to  go.  owing  to  the 
relations  of  the  subclavian  vessels  ;  and  below  the  seventh  it  is  not 
usually  necessary,  owing  to  the  adaptability  of  the  diiiphragm.  For 
this  operation  general  anesthesia  is  necessary,  and  must  be  conducted 
with  more  than  ordinary  care  and  circumspection.  A  practiad  point 
of  some  importance  in  the  operation  is  to  sec  that  the  patient  is  not 
turned  too  much  upon  the  sound  side,  whereby  his  respiration  may  be 
seriously  embarrassed,  and.  if  any  communication  with  the  bronchus 
exist,  pus  might  find  its  way  into  the  opposite  bronchial  tract.  Various 
incisions  may  be  used  to  gain  access  to  the  bone  to  be  removed. 
Godlec  recommended  a  large  U-shaped  incision,  with  the  base  upward, 
allowing  a  large  flap  to  be  turned  up  and  the  costal  wall  well  exposed ; 
it  is  apt  to  be.  however,  attended  with  a  great  deal  of  hemorrhage. 
Jacobson  proposed  several  similar  smaller  ones.     Estlander  employed 
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an  intercostal  incision,  through  which  he  removed  a  nb  above  and  one 
below,  and  made  as  many  such  incisions  as  the  given  case  required. 
The  writer  has  found  I'earce  Gould's  free  vertical  incision  much  the 
best,  and  through  t\vo  such — an  anterior  and  a  i>osterior— all  the  ribs 
may  be  removed,  from  the  angles  to  tlic  cartilages. 

Tuberculosis  of  the  peritoneum  is  met  with  in  three  diflferent 

forms,  according  to  Osier;  first,  as  jjart  and  parcel  uf  general  miliary 
tuberculosis;  second, a  chronic  fibrous  form,  subacute  from  the  outset, 
attended  by  little  or  no  exudation,  and  presenting  hard  and  pigmented 
nodules;  third,  a  more  or  less  chronic,  caseous,  and  ulcerating  form, 
characterized  by  a  growth  of  large  tuberculous  masses,  tending  to 
caseatc  and  ulcerate,  forming  adhesions  and  communications  between 
adjaceiit  intesiinal  coil^^,  ami  ;ici;nnipanii-(l  by  a  serous,  scropunjlent.  or 
purulent  exudatinn,  not  inficqueiilly  localized  or  sacculated.  It  is,  of 
course,  of  the  subacute  or  chronic  variety  when  the  affection  comes 
into  the  hands  of  the  surgeon,  fnr  local  treatment  cannot  be  of  service 
in  the  presence  of  general,  acute,  miliary  tuberculosis. 

The  diagnosis  of  tuberculous  peritonitis,  as  of  tuberculous  aflec- 
tions  r,i  the  otlicr  .SL*rniis  nit;nibrancs.  is  made  chiefly  by  exclusion; 
but  the  family  and  personal  history  [nay  be  uf  impurtancc.  If  the 
affection  of  the  membrane  Ik-  primary — that  is  to  say.  if  the  tubercle 
bacilli  floating  in  the  blood  be  arrested  in  the  vessels  of  the  nu-mbrane 
itself  and  there  dcvehip,  ue  may  have  simply  an  ascites  of  slow  and 
insidious  development,  without  rise  of  temperature  or  material  disturb- 
ance of  the  general  health.  Under  such  circumstances  we  can  only 
arrive  at  a  diagnosis,  before  exploration,  by  excluding  the  usual  causes 
of  ascites,  such  ;is  diseases  of  the  liver,  malignant  tumors  of  ilic  peri- 
toneum and  viscera,  and  chronic  valvular  affections  of  the  heart. 

On  abdominal  .section,  exit  is  pven  to  a  clear,  straw-colored,  or 
sometimes  sanguinotcnt  fluid,  and  the  serous  surfaces  are  found  to  be 
studded  more  or  less  generally  with  white  or  yellow  tubercles,  which 
may  be  here  and  there  massed  into  tumors  of  considerable  size. 
Sometimes  such  masses,  if  very  large.  c;ni  be  felt  by  bimanual  palpation 
per  rtctitm  or  per  'caginam,  and  may  simulate  any  conceivable  growth. 
If,  as  not  infrequently  hap|>L*ns.  the  peritoneal  fluid  be  localized  by  pre- 
existing or  simultaneously  developed  adhesions,  the  resemblance  to 
any  of  the  solid  or  fluid  gro^^'ths  peculiar  to  the  locality  may  be  very 
great.  Thus,  if  confined  to  the  ejiigastric  or  hypocliontlriac  regions, 
we  may  have  very  accurate  simulations  of  hydatid  cysts,  cysts  of  the 
pancreas,  enlarged  gall-bladder,  or  hydrosalpinx  or  pyonephrosis.  If 
the  lower  half  of  the  abdomen  alone  be  involved,  suspicions  of  preg- 
nancy, ovarian  tumor,  hydrosalpinx  and  pyosaipinx.  or  pelvic  abscess 
may  arise,  and  tliey  may  be  very  difficult  to  settle  without  a  celiotomy 
or  paracentesis.  In  deciding  upon  such  cases,  due  weight  must  be 
given  to  the  histnr\-  and  course;  and  the  diagnostic  value  of  tuberculin 
should  be  tested.  Kor  the  majority  of  these  conditions,  however,  ceU- 
tcoray  is  indicated  and  necessary,  and  the  operation  for  discovery  may 
be  readily  converted  into  the  means  of  cure. 

When  the  great  omentum  is  the  scat  of  tuberculous  deposit,  it  is 
frequently  converted  into  a  firm  fibrous  band  or  cord,  stretching  across 
the  abdomen  in  or  just  above  the  region  of  the  umbilicus,  and  it  some- 
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times  bears  a  strong  resemblance  to  the  solid  neoplasms  of  the  stomach, 
pancreas,  and  retroperitoneal  glands, 

Tuberculous  ulceration  of  the  stomach,  small  intestine,  appendix. 
colon,  or  mesenteric  glands  may  j^ivc  rise  to  implication  of  the  peritoneum 
by  direct  extension,  or  to  peritonitis  by  perforation,  which  peritonitis 
would  be  of  the  acute  tyjie  and  demand  immediate  operation,  during 
the  performance  of  which  the  ruptures  would  have  to  be  closed  by 
suture,  preferably  after  the  cNcision  of  the  implicated  part,  followed,  if 
necessar>',  by  anastomosis. 

The  Fallopian  tube  is  sometimes  the  primary  focus,  giving  rise  to 
the  extension  of  the  tuberculous  process  to  the  peritoneum  ;  and  O'^ier 
estimates  that  the  tube  is  involved  in  from  30  to  40  per  cent,  of  the 
cases  of  tuberculous  peritonitis,  a  fact  which  may  .ifford  an  explanation 
of  the  far  ijrcater  frwpicncy  of  its  occurrence  In  the  female. 

The  radical  treatment  of  tuberculous  peritonitis  is  as  sirrple  as  it 
is  for  the  most  part  satisfnetory,  consisting  generally  of  a  mere  celiot- 
omy, performed  with  great  care,  of  course,  owing  to  the  liability  to 
intestinal  and  other  adhesions.  After  evacuation  of  the  fluid  has  been 
accomplished,  in  the  great  majority  of  cases  the  abdominal  wound 
should  be  promptly  sutured  without  flusliing  or  drainage.  If  a  drain- 
age tube  be  inserted,  pro\'ision  for  a  late  or  secondary  suture  should 
be  made  by  passing  one  or  more  sutures  through  the  site  of  the  drain- 
age tube,  leaving  them  to  be  tied  after  its  removal  in  twenty-four  or 
forty-eight  hours.  Some  dust  the  peritoneal  surface-s  with  (sterilized) 
iodoform,  or  introduce  an  emulsion  of  iodoform  in  glycerin  (sterile),  the 
dose  of  40  grains  {2.6  gm.)  of  iodoform  being  on  no  account  exceeded, 
since  absorption  of  more  than  that  amount  has  been  known  to  prove 
fatal.  When  large  cheesy  masses  have  been  met  with,  it  has  been  pro- 
posed to  deal  with  these  by  ignipuncture  (thermocautery),  followed  hy 
iodoformization.  In  such  cases  drainage  may  be  advisable  for  a  short 
period.  In  using  iodoform  gauze  as  a  drain,  the  writer  has  found  it 
preferable  to  leave  it  in  situ  several  days,  a  procedure  which  greatly 
facilitates  its  removal.  Much  discussion  has  arisen  as  to  the  modus 
ntcdindi  of  celiotomy  in  tuberculous  peritonitis.  The  suggestion  of 
Lauenstein  that  the  admission  of  atmospheric  air  or  of  sunlight  with 
some  occult  influence,  or  of  air  containing  germs  or  toxins  inimical  to 
the  Bacillus  tuberculosis,  or  the  removal  of  accumulated  ptoma'ms,are 
all  inadequate  to  the  explanation.  It  seems  not  improbable  that  the 
stimulus  to  the  iympliatic  and  blood-circulations,  incidetit  and  reaction- 
ary to  the  trauma,  and  the  sudden,  altered,  physical  conditions  of 
pressure,  so  beneficial  in  simple  cases  of  hydrocele  and  other  like  effu- 
sions, may  exert  a  similar  benign  influence  in  these  conditions  also. 


TUBERCULOSIS  OF  TEPTOONS,  TENDON-SHEATHS>  AND  BURSAE. 

Tuberculosis  of  tendon-sheaths  is  not  common,  constituting  only 
I  or  2  per  cent,  of  cases  of  local  tuberculosis,  It  may  be  ])rimar>'  or 
secondary',  the  secondarv-  form,  resulting  from  extension  of  the  disease 
from  neighboring  bones  and  joints,  being  much  more  common.  The 
affection  prescnt.s  itself  in  three  forms.  The  first  is  a  fungus  form,  In 
which  the  sheath  of  the  tendon  is  hned  by  a  layer  of  granulations,  ^ 
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to  \  of  an  inch  (2.!t-6. 


an  men  (2.11-0.35  mm.)  in  thickncs-s;  while  a  thinner  layer 
covers  the  tendon  itself  and  sometimes  perforates,  dissociates,  and  dis- 
integrates its  bundles.  This  imparts  to  the  palpating  finger  a  sensation 
of  gelatinous  semi-fluctuation,  and  synovial  effusion  may  be  entirely 
wanting.  In  the  second  forn]  the  fibrinous  inflammatory  properties  of 
the  bacillus  insisted  \x\¥.t\\  by  Konig  are  strongly  manifested,  and  the 
granulations  arc  converted  inio  large,  white,  fibrous  masses.  \*ariously 
termed  "  rice  bodies "  or  corpora  orysoUfa,  "  melon-seed  bodies," 
"  foreign  bodies."  "  loose  cartilages."  etc.  In  this  form  copious  syno- 
vial effusion  is  likely  to  be  found,  though  not  invariably,  and,  in  addi- 
tion to  free  fluctuation,  the  rubbing  of  these  bodies  against  one  another 
is  rcadiiy  pcrccivct!.  In  the  thirtl  form  a  simple  dropsical  elTu«.ion  into 
the  tcndon-shcath,"a  hygroma,"  occurs  ;  and  we  get  an  oval,  elongated. 
fluctuating  swelling  in  the  direction  of  the  tendon,  if  the  affection  be 
single;  or  of  the  tendons,  if  multiple — the  so-called  simple  and  com- 
pound ganglia. 

Thc  favorite  seats  of  tl»is  afTection  are  the  flexor  and  the  extensor 
tendons  about  the  wrist-joint,  the  peroneal  tendons,  and  the  tendons 
about  the  knee.  The  possibility  of  communication  with  the  synovial 
membrane  of  the  adjacent  joints  must  always  be  borne  in  mind 
in  thcfie  case.*?.  Occurring  in  the  forearm  and  palm,  an  hour- 
glass swelling  is  often  produced,  owing  to  the  constriction  of  the 
annular  ligament,  beneath  which  the  fluid  passes  readily  from  the  one 
swelling  to  the  other. 

In  the  dr)'  fomi  ulceration  or  necrosis  may  take  place,  and  the  dis- 
ease spread  thus  from  the  tendon-sheaths  to  the  fascial  and  muscle 
planes.  The  tuberculous  character  of  the  contents  having  been  de- 
stroyed by  the  fibrosis,  is  not  always  demonstrable  by  the  microscope, 
but  proof  will  generally  be  afforded  by  inoculation  experiment  The 
disease  is  painless,  slow,  and  insidious  in  its  origin  and  progress,  and 
often  exists  long  before  advice  Ls  sought,  weakness  of  the  joints  and 
fiitigue  being  chiefly  complained  of. 

The  treatment  consists  in  the  evacuation  of  the  fluid  and  fibrous 
bodies,  followed  by  scraping  off  the  granulation-layer,  vigorous  rubbing 
of  the  surfaces  with  iodoform  gauze,  and  the  injection  of  iodoform 
emulsion,  after  which  suturing,  antiseptic  dressing,  compression,  and 
splintage  will  usually  suffice.  Sufficiently  free  incisions  must  be  made 
under  rigid  antisepsis  to  admit  of  thorough  carrying  out  of  this  plan 
of  treatment. 

In  the  dr}'  and  ulcerating  form  a  similar  line  of  action  may  be 
adopted,  but  it  will  generally  be  necessary  to  make  a  clean  and  thor- 
ough dis.section  of  the  tentUms  and  sheaths  iiwolvcd.  sometimes  with 
autoplasty  of  the  tendons,  in  doing  which  the  bloodless  method  of 
Ksmarch  will  be  indis[>ensable,  and  the  relation  of  the  backs  of  the 
ten  don -sheaths  to  tlie  synovial  sacs  of  the  underlying  joints  must  be 
constantly  borne  in  mind.  The  occurrence  of  sepsis  would  certainly 
be  fatal  to  the  integnty  of  the  limb,  if  not  to  the  life.  It  is  surprising 
what  good  results  arc  obtained  by  a  complete  and  successful  ablation 
of  the  disease  tissue,  ami  how  perfectly  the  tendon-sheaths  will  be 
restored. 

What  has  been  said  of  tendon-sheaths  is  also  api^licable  to  the 


I 
i 

I 
I 

4 


T(/BERC(/LOSIS  OF  THE  GEXiTO-Vkrh'ARY  OPG.^iVS.  36 1 

bursK,  and  the  only  thing  to  he  said  in  addition  is  to  enforce  the 
recommcn  dill  ion  nf  Proft-ssar  John  Chiene  of  a  semilunar  incision, 
with  reflection  of  n  fl;ip  in  dissectinfj  out  the  bursal  sac. 


TUBERCULOSIS  OF  MUSCLES  AND  FASCIAE. 

As  nientiontid  in  the  preceding  section,  tuberculosis  may  extend  by 
contiguity  from  joint  and  tendon  sites  to  the  fascial  and  muscle  planes. 
It  may  also  occur  primarily  in  these  situations;  but,  so  far  as  muscle 
is  concerned,  so  rarely  as  to  be  a  eurio.sity.  Muscle  infected  with  tuber- 
culosis has  a  grayish  look  an<l  a  Iiardcned  feel.  In  the  fascia,  on  the 
other  hand,  primary  tuberculosis  i^  by  no  means  rare,  and  secondarj* 
infection  ver>'  common.  The  bacillus  has  a  predilection  for  the  fascial 
planes,  and  tlie  re.'sultinR  jjranulation-tissuc  spreads  along  and  over 
them  with  facility  and  rapidity,  dipping  into  all  their  ramifications  and 
dissecting  out  the  contents.  When  coagulatinn-necrosis  and  liquefac- 
tion of  thi*;  tissue  occurs,  widespread  antl  tortuous  "cold  abscesses'* 
result. 

The  principles  of  trealmenl  are  already  enunciated;  and  thorough- 
ness in  their  application  is  the  key-note  of  success. 

For  Tuberculosis  of  the  Bones  and  Joints  see  Chapters  XIX. 
and  XX. 

TUBERCULOSIS  OF  THE  GENITO-URINARY  ORGANS. 

(So  far  as  the  female  gcnito-urinary  oi^ans  are  concerned,  this  sub- 
ject will  be  considered  in  Chapter  XXI.,  Vol.  II.) 

Tuberculosis  of  the  penis  is  an  exceedingly  rare  afTection, 
except,  perhaps,  for  those  casus  of  inoculation  in  Infants  in  the  Hebrew 
rite  of  circumcision,  of  which  quite  a  number  have  been  recorded, 
mostly  by  continental  writers  (Lyndmann,  3  cases;  Lchmann,  10  cases; 
Eve.  2  cases).  The  wounds  or  scars  become  the  site,  first,  of  nodules,  then 
of  unhealthy  spreading  ulcers,  and  in  two  or  three  weeks  the  inguinal 
glands  are  affected,  some  of  which  suppurate,  and  some  do  not 

Tubercultuls  nrctbne  is,  «:«>Klinii  to  Kaufmann.  alwa^^s  p*n  of  a  genenilued 
tubcnuliHiN,  ami  wccunc  itrcMmUnW  by  int'cclion  (ivnt  the  bisdtleror  pro»il&lc.  The  pros- 
Utic  portion  it  most  Trequcnily  alTMMpd,  leu  oficn  the  membranoui  fMirtion.  Vcii«^»eD  Via» 
tvpoited  tuberculous  ulcention  uf  the  moilus  in  a  phlbiykal  patient  aged  seventeen.  An 
iodamted  nicer  occupied  one  aiile  of  rhe  meaiiu  and  extended  Lmo  tbe  (asM  uavicnlari*  1  the 
gland*  of  the  ([ruin  were  cnlatged.  us  were  alio  the  cjiididymiit  and  proMair ;  and  bacilli 
were  fuund  in  the  ulcer.  The  auliJ|Ay  shuwed,  in  addilioii,  luliervulusiit  uf  the  lifjht  kidney, 
bladder,  ptoMate,  and  the  hnlHna*  urcthn. 

Englisch  has  described  a  tuberculous  peri-uretkritis  in  the  deeper 
portions  of  the  urethra.  It  may  exist  eitlier  inside  or  ouLside  the 
deeper  layer  of  the  superficial  fascia.  "  It  begins  with  a  di.scharge  of  a 
chronic  character  from  the  urethra,  followed  later  by  the  formation  of 
perineal  abscesses  and  fistukv."  Some  of  the  cases  Qt{  incurable  "  water- 
in  g-jjot  "  perineum  arc  doubtless  tuberculous  in  their  nature,  Lang- 
hans  reports  a  case  of  p<)]yix^id  tuberculosis  situated  in  the  urethra 
about  one  inch  from  the  mouth.  The  autopsy  .showed  general  uro- 
genital tuberculosis. 

Senn  tneniii*r»  a  cn«e  uf  tuberculous  ulceration  of  the  dorsum  of  the  penla 
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/oTty-ninc.  in  whrtm  a  tuherfnlom  ttlitr  occurred  upon  lh«  donum  uf  the  g!am  penis.  There 
wrte  Iwii  irtr|;ti1ii[ly  sUaiH-il  iilcrr*,  lh«  liases  having  *  T<rll"wi%h,  Hiccw  nppcarancc,  with 
here  anil  Ihi-rc  n  Irmlcncy  m  the  fnnnotion  of  t^nulaiions,  yicldinjt  a  ihin  s«rrMion.  The 
eilgcii  were  uii<i«rniiii«d,  and  the  ulcets  ciiinniuiiicalcd  wilh  one  nnulhcr.  I'hc  patietil  was 
hpftllhy.  with  no  evidence  of  tuberculosis  in  ihe  cpidiriymifi,  lesliclc,  prostate,  or  elwwh*?*. 
The  ulcer*  were  <»f  tliiee  munlhs'  nliiijiLin^  when  udmiUcd  \s>  th«  Prdbui^  clinic,  they  «■- 
trndcd  deeply  intu  die  ^Linds,  ainputati'on  was  rcsoncd  Co,  and  mieroKopical  examinatiitn 
showed  both  typical  jiinnt  cell*  mid  bncilH.  The  deeper  li'!*ue»  were  more  affected  ihftn  the 
sunerhitBl,  evidencing  a  bloud-inleclion  mlhcr  than  u  lix-al  iiutculalinn.  I,ooieii  Im&  {tub- 
liitiMl  a  <:!\'^f  nf  Fournicr'',  a  man  aged  Iweniy.fnur  with  liipii«  ulcer  of  the  glanft  penis. 

Lupus  of  the  p«nis  is  a  rare  afTection,  and  generally  boa  ihe  disease  corxtuoni 
cKewhrrr — on  ihe  fare,  Iribet  nf  the  f^rs,  £>r  leg*.  Jacohtcin  has  nccn  only  one  case,  in  a 
yotin^  |Mtient  with  exten^ve  alTe'.liiiii  uf  (he  nuse  and  fu^e.  Ilutuliiiisuii  leconU  une  on 
ihe  prepuce  in  which  he  cir«niinri>;r(l.  He  enplnins  ihe  rarity  nf  ihe  afleclinn  by  sayin|[ 
thai  iupii*  coiitmunly  attacks  Xha-nc  paits  uf  the  body  cxpii»ed  |o  theniiiil  diangc* ;  and  tfae 
genitals  beinn  kepi  uiiirorrnly  warm  hy  the  ckitliinK  nre  mure  cjceinpl. 

To  diMinxuish  lu[iu4  of  (lie  penis  from  c-nitheliuma  Iwo  |)oiiiln  >h<>uld  be  Iximc  in  tniiMl— 
lupu»  brginv  tluring  buyhoiKl  or  youlli,  epItheLiomn  ii^  a  di^eai^e  of  nld  n^e  ;  Innus  advance! 
slowly,  leaviiijj  cica(tices;  epitheliuioa  more  rapidly,  lending  tt*  glaiiduUi  involvement  and 
ulceration. 

TVtatmettt  cansi^is  in  ablation  where  jxiauble,  and  in  cnrrettage  and  iodoformicaijnn 
where  this  is  inadmiiuiibLe. 

Tuberculosis  of  the  Prostate. — Kojzyurcki  asserts  that  in 
genito-Lirin.T.iy  tuberculosis  the  prostate  is  never  missed;  but  whatever 
may  be  the  primary  focus  this  gland  early  manifests  infection.  Nearly 
all  the  later  authorities  concur  in  thi.s  statement,  whether  they  agree 
with  Virchow,  Zic{»lcr.  Forster,  or  Stcinthat  in  thinking  that  tubercu- 
losis of  the  jjenito-urinary  tract  always  begins  in  the  kidney,  or  whether 
they  hold  with  Rokitansky,  Birch-Hirschfcid,  Bardcnhaucr,  and  others, 
that  the  initial  point  is  the  epididymis  or  prostate.  In  view  of  the  sit- 
uation of  the  prostate  gland,  one  can  readily  conceive  tliat  primary 
infection,  except  by  way  of  the  blood-channels,  must  be  cxcecdinyly 
rare.  But  its  location  at  the  point  of  junction  of  the  urinary  and  geni- 
tal systems  with  their  blood-vascular  and  lymphatic  channels  renders 
it  equally  liable  to  secondary*  infection  from  both  sources. 

Tubercle  bacilli  which  have  been  cultivated  in  an  intestinal  gland 
and  futiiid  their  way  into  the  general  peritoneal  cavity  may  readily  drop 
into  the  rectovesical  pouch,  and  thence  invade  the  prostate  and  peri- 
prostatic tissue,  either  directly  or  through  the  lymph-channels.  There 
is  some  reason  for  believing  that  this  may  be  the  explanation  of  many 
cases  of  seeming  primary  infection  of  the  prostate  gland. 

The  diajcnostic  points  may  be  enumerated  as  a  urethral  discharge, 
consisting  of  mucus,  pus,  epithelium,  caseous  masses,  and  bacilli — one 
or  all.  accordinj^  to  the  stage ;  frequency  of  micturition  ;  pain  on  instru- 
mentation ;  weight,  and  dragging,  and  tenderness  in  the  perineum  ; 
enlargement ;  bosselation  ;  softened  foci  detectable  per  rectum  ;  the 
presence  of  tubercle  elsewhere;  the  existence  of  abscess;  the  occur- 
rence of  non-healing  sloughy  ulcers  and  multiple  fistulie.  Bryson  laj's 
stress  upon  distinct,  hard,  fK'a-sizetl  nodules  in  the  vesicoprostatic  veins, 
and  Cabot  foiind  corresptrnding  nodules  in  the  lymphatic  glands  in  the 
same  situation.  When  the  nodules  are  few.  small,  and  peripheral,  or 
in  the  capsule,  they  may  be  void  of  symptoms  ;  dependence  must  then 
be  placed  upon  the  signs. 

The  prostaticovcsicular  junction  is  afavoritcpointfornodulation.  Pain 
in  coitus  may  probably  exist,  and  currant-jelly  semen  be  discharged. 

The  treatment  is  general  and  local.     In  addition  to  the  more  ordi- 
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nan'  remedies,  guaiacol.  arsenic,  and  Muluform  h.ive  been  recorn mended. 
Locally,  Kuaiacol  may  be  rubbed  into  the  perineum,  suprapubic  region, 
and  the  epididymis.  Ulcers  and  abscesses  must  be  treated  upon  gen- 
eral principles.  In  acute  cases  Milton  affirms  that  he  derived  benefit 
from  tartar  emetic  in  3'^  grain  (0.OO27  gm.)  doses  ever)'  three  hours. 
Instnimentalion  of  all  kinds  should  be  rigidly  avoided,  as  it  serves 
only  to  aggravate  the  symptoms, 

Tcberculosis  of  the  veslculae  seminales  is  almost  never  seen, 
except  as  sccondar\'  to  disease  in  neighboring  organs ;  but  that  it  occa- 
sionally occurs  there  primarily,  as  Solowcitschik's  case  shows,  cannot 
be  denied. 

The  symptoms  are  frequency  of  micturition,  great  sexual  excitability 
followed  by  impntencc  or  sterility,  with  frequent  cniis.sions  of  blood- 
stained semen  ;  in  the  later  stages,  absccs.»;cs  and  perineal  fistuls.  In 
one  case  Weichselbaum  found  a  large  vein  of  the  pudendal  plexus  per- 
forated by  a  tuberculous  abscess  of  the  vesicle. 

The  diagnosis  must  be  made  by  attention  to  the  general  history, 
the  local  .symptoms,  the  discover,'  of  nodes  and  dilatations  by  rectal 
examination,  the  presence  of  bacilli  in  the  semen — which  is  asserted 
by  sonic  never  to  occur — and  the  intolerance  of  instrumentation. 

Treatment  is  general  and  local.  The  local  treatment  consists  in 
"  striftpitif^,"  cither  by  tlie  finger  of  the  surgeon  or  by  Keleki's  or 
Swinburne's  instrument  devised  for  the  purpose,  which  is  said  to  be 
more  ertective  and  less  unpleasant.  Ablation  of  the  vesicle  has  been 
practi-secl  in  one  case  b>'  Ullmann.  employing  ZucUerkandl's  .semilunar 
iiici.sion  through  the  |ierineum,  with  the  base  downward. 

Roux  of  Paris  records  two  cases  in  wliich  the  testicle  and  vas  were 
first  removed,  then  a  perineal  incision  was  made,  the  vesicle  being 
pushed  into  the  incision  from  the  rectum  and  thus  removed. 

Taberculosis  of  the  Testis,  Epididsnnis,  and  Vas  Deferens. 
— Syitoiiyuis. — Tubercular  ep!dii.]\niiti.s ;  1  iiberculusis  testis;  Tubercu- 
lar orchitis;  Tubercular  sarcocele ;  Plillii>*is  testis;  Struinous  or  scrof- 
ulous disease  of  the  testis  ;  and  Scrofulous  nrchilis.  Two  varieties  arc 
presented : 

(a)  The  general  mlliaiy  tuberculosis,  which  is  rare. 

\0)  The  form  characterized  by  discrete  craggy  or  nodose  deposits. 

The  most  frequent  scat  is  the  epididymis,  of  which  ihe  globus  major 
is  generally  attacked,  according  to  most  authorities,  but  according  to 
Krichscn  and  H.  Kilers,  the  globus  minor.  The  disease  spreads  by 
creeping  along  the  mucous  surfaces  to  the  testis  or  to  the  vas  deferens. 
The  reason  assigned  for  the  more  frequent  early  implication  of  the 
epididymis  is,  according  to  Salzmann.  th;it  the  vl-sscIs  arc  smaller  and 
more  tortuous,  and  that  the  spermatic  arter)-  breaks  up  into  two 
branches  opposite  the  epididymis.  If  the  infection  takes  place  from 
below,  per  urtthram,  it  would  follow  that  the  globus  minor  should  be 
first  affected,  as  in  the  corresponding  afiection  by  the  gonococcus.  Later 
on,  the  disease  may  spread  to  the  vcsIcuIje  seminales,  prostate,  bladder, 
and  kidney,  or  it  may  give  rise  to  general  or  pulmonary  tuberculosis. 
Salleron.  however,  in  a  series  of  51  cases,  found  other  organs  infected 
in  only  \.  and  but  2  deaths  in  these  5  i  cases. 

So  far  as  age  is  concerned,  the  disease  usually  occurs  in  early  adult 
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life ;  but  it  is  not  seldom  met  with  in  infancy  and  in  old  age,  at  which 
latter  period  its  virulence  seems  to  be  much  diminished.  Giraldes  found 
tubercle  of  the  testicle  in  an  infant  at  term.  Jullien  in  16  cases  records 
that  6  were  infants  under  one  year.  Julius  Dreschfeld  records  a  case 
of  congenital  tuberculosis  of  the  testicle;  and  Hutinel  and  Deschamps 
think  the  affection  is  as  common  before,  as  after,  puberty,  and  believe 
that  it  frequently  commences  in  the  peritoneum. 

Three  stages  have  been  described ; 

(«)  Of  deposit ;  (/3)  of  caseation,  softening,  and  abscess ;  (y)  of 
fistulae  and  fungus.  The  symptoms  will  vary  with  the  stage.  In  that 
of  deposit  they  may  be  nil ;  but  manipulation  will  reveal  the  existence 
of  one  or  several  hard,  characteristic  nodules  in  the  part  affected,  com> 
monly  the  epididymis. 

Thickening  of  the  vas  deferens,  particularly  at  its  extremities,  is 
strongly  corroborative.  In  the  stage  of  caseation,  the  hard  nodules 
will  be  replaced  by  fluctuant  swellings ;  and  the  stage  of  fistula  and 
fungus  then  declares  itself. 

The  diagnosis  from  simple  or  gonorrheal  epididymitis  is  made  by 
the  history,  the  location  of  the  swelling,  the  absence  of  pain,  and  the 
wooden  hardness ;  from  orchitis  by  similar  signs  transferred  to  the 
testicle ;  from  syphilitic  sarcocele,  or  gumma,  by  the  history,  by  the 
implication  of  the  testicle  rather  than  the  epididymis,  by  the  special  loss 
of  testicular  sensation  in  gumma,  by  the  absence  of  hydrocele,  and  by 
the  tendency  to  the  formation  of  fistula;.  According  to  Jacobson, 
hydrocele  occurs  in  about  one-third  of  the  cases ;  the  quantity  of  fluid 
is  small,  of  unusual  density,  and  contains  flocculi  and  shreds  (Rectus). 

The  prognosis  depends  upon  associated  deposits  and  the  general 
condition.  The  local  disease  may  exist  for  several  years  without  im- 
pairment of  the  general  health. 

The  treatment  is  that  of  tuberculosis  in  general.  Locally,  incision, 
scraping,  and  iodoformization,  with  subsequent  dressing  with  balsam  of 
Peru.  Sclerogenesis,  by  the  injection  of  weak  solutions  of  chlorid  of 
zinc  in  the  neighborhood  of  the  foci,  is  recommended  by  Lannelongue, 
and  the  cautery  by  Verneuil.  Reboul  of  Marseilles  advocates  injec- 
tions of  naphthol-camphor,  and  records  three  successful  cases  in  which 
4  or  5  drops  (0.24-0.3  c.c.)  were  injected  daily  into  the  thickened 
tissues  for  eight  or  ten  days.  Castration  has  been  frequently  practised 
succes.sfully.  If  ulceration  has  occurred,  the  tunica  vaginalis  and 
infected  skin  should  likewise  be  removed,  and  the  cord  ligated  as 
high  as  possible.  If  both  testicles  are  simultaneously  involved,  most 
authorities  discountenance  castration ;  but  verj'  good  results  have  been 
obtained  by  the  less  radical  methods  above  mentioned. 

Tuberculosis  of  the  bladder  is  rare  as  a  primary  affection. 
When  it  occurs,  the  trigonal  submucosa  is  the  most  likely  seat, 
whether  it  is  brought  by  the  circulating  blood  or  has  migrated  from 
the  peritoneal  cavity.  According  to  statistics,  it  seems  to  be  three 
times  more  common  in  men  than  in  women.  Should  infection  take 
place  from  without,  however,  the  short  and  direct  passage  afforded  by 
the  female  urethra  would  seem  to  render  women  more  liable  to  the 
disease. 

As  a  secondary  affection,  tuberculosis  may  occur  in  the  bladder. 


cithtrr  by  aiccntiing  from  the  prostate  and  the  cpiLlidymis  ur  by  descend- 
ing from  the  kidney,  whence  the  germ  niny  be  brought  cither  in  the 
creeping  form  along  the  mucous  surfaces,  or  in  suspension  in  the 
urinary  secretion  from  the  pelvis  of  the  kidney. 

The  symptoms  closely  resemble  those  <if  vesical  calculus.  It  is 
most  fre<(uent  in  the  young,  from  fifteen  to  twenty-five  years  of  age; 
and,  according  ti»  Bryson,  most  of  the  affected  will  present  a  histury 
of  masturbation  upon  which  they  lay  great  stres.'i.  with  a  family  one  of 
tuberculosis  or  cancer;  and  a  personal  one  of  enures!.^  up  to  four  or 
five  years  of  age.  Frequency  of  micturition  is  the  first  prominent 
symptom,  gradually  increa-siiig,  fir.st  by  day.  and  later  also  by  night, 
a-s  a  distentiiin-renex.  with  Vilnod  at  the  end  of  the  act.  Pain  in  the 
mid-penis  is  frequently  complained  of.  with  vesical  tene.smus.  and  occa- 
sional sudden  stoppage  of  the  stream,  with  increase  of  distress.  In 
active  cases  there  may  be  sloughing  of  the  mucosa  with  brisk  transient 
hemorrhage. 

The  ditterential  diagnosis  from  stone  may  be  made  by  the  following 
points,  according  to  Hry^on  :  i.  The  absence  of  a  history  of  renal  cal- 
culus. 2.  l-ess  effect  of  exercise  upon  vesical  irritability.  3.  Situation 
of  pain  in  the  mid-penis,  not  passing  forward  under  the  glans.  4.  Sud- 
den arrest  of  tlie  stream  by  voluntary  contraction  of  the  compressor 
urethra:  to  relieve  tile  pain  of  passage  along  the  urethra,  and  not  by 
the  sudden  blockage  of  the  internal  meatus  by  a  stone.  5.  The  more 
rapidly  increa.stiig  nocturnal  fretjiiency.  and  its  cleiir  dependence  on  a 
distent  ion- reflex,     6.  The  growing  evidence  of  a  contracting  bladder. 

The  guarded,  careful  use  of  the  cysloscope  and  bacteriological  in- 
vestigation of  the  urinary  sediments  uill.  of  course,  afford  the  mo.st 
positive  and  useful  information.  When  infection  takes  place  by  way  of 
the  urinary  current  from  the  pelvis  of  the  kidney,  the  microscope  and 
bacteriological  investigation  will  afford  the  earliest  information.  If  the 
disease  creep  in  by  continuity  along  the  ureter,  it  will  likely  follow  the 
corresponding  trigonal  limb,  and  may  not  give  ri.sc  to  any  symptoms, 
but  should  be  detected  by  the  cy.stoscojie.  This  latter  form  oftentimes 
closely  simulates  renal  calculus.  In  all  cases  of  surface-infection  the 
symptoms  appear  early  after  invasion ;  but  when  infection  is  from  with- 
out—/, f.,  subroucously — the  occurrence  of  symptoms  is  often  lonjj 
delayed,  and  considerable  advance  may  be  made  before  the  patient  is 
aware  of  anything  amiss.  The  cystoscopc,  however,  is  often  equal  to 
the  detection  of  these  ca."5es  also,  if  attention  be  directed  to  the  bladder. 

In  the  ca-ses  of  primar>'  invasion  of  the  middle  coat  of  the  bladder 
by  way  of  the  blood-vessels,  symptoms  arc  almost  entirely  wanting, 
but,  when  they  do  appear,  they  are  enumerated  by  Bryson  as  consist- 
ing of:  I.  Weakening  of  the  detrusor-muscle  plane,  manifested  by  a 
slowness  to  start  the  stream,  a  weakness  of  flow,  iuid  diflRcutty  in 
cmptj'ing  the  bladder.  2.  The  accumulation  of  some  residual  urine  in 
the  later  stages.  3.  A  gnawing  iKiln  behind  the  pubes  when  the  blad- 
der is  distended,  not  quickly  relieved  by  micturition.  4.  Slight  hem- 
orrhages from  overdistention.  Here  there  is  no  frequency,  no  pus,  no 
bacilli,  and  seldom  blood :  and.  when  occurring  in  later  life,  the  symp- 
toms may  closely  mimic  prostatic  obstruction. 

The  bladder  is  sometimes  invaded  from  infected  seminal  vesicles. 
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Under  such  circumstances  calculus  is  closely  simulated,  and  this  Ica< 
to  ver>-  injurious  instrumentation.  "  Owing  to  liic  infiltration-rigidity, 
distention  is  intcrft-rcd  with  and  frequent  micturition  results,  the  bladder 
capacity  being  limited  to  4  or  5  ounces  (15-18.5  c.c).  When  the  bladder 
is  partly  empty,  relief  ensues,  followed  by  recurrence  of  the  suffering 
as  it  contracts  down  further,  thus  bending  the  stiffened  seminal  vesicles 
or  compressing  the  inflamed  internal  meatus,  giving  rise  to  tenesmus 
and  the  extrusion  of  a  few  drops  of  blood,  the  distress  slowly  subsiding 
as  the  bJaildcr  paitly  fills  again  "  (lirj'son). 

Coming  from  the  prostate,  the  infection  creeps  rather  uniformly  up 
from  the  anterior  angle  of  the  trigonum,  probably  by  the  lymphatics 
of  the  submucous  coat.  The  symptoms  are  those  of  cystitis  of  the 
neck  with  bright  transitory-  hemorrhages;  per  rectum,  an  unusual  sen- 
sitiveness of  the  intervcsicular  space ;  distention-rcflex  is  marked,  nod- 
ules will  be  felt  in  tlic  wall  below  the  anterior  angle,  and  nodules  in 
the  prostate. 

In  making  a  diagnosis,  cystoscopy  should  be  practised  with  the 
utmost  precautions ;  for  all  instrumentation  leads  to  aggravation  of 
the  symptoms. 

Treatment. — Bryson  condemns  nearly  all  of  the  recognized  frtrms 
of  treatment  except  general  and  climatic,  and  concludes:  "On  the 
whole,  surgery  offers  very  little  to  these  patients,  and  meddlcjiome 
surgery  does  much  hann." 

Henry  Morris  agrees  that  local  treatment  is  contraindicated  except 
in  the  later  stages.  The  writer  believes  that  he  has  found  much  benefit 
from  median  perineal  cystotomy,  followed  by  iodoform ization  and  dis- 
infection with  methyl  blue,  aiad  from  the  rest  which  the  continuous 
drainage  aflTords. 

Catheterization  is  not  necessary  to  local  medication,  for  sedative  and 
antiseptic  fluids  can.  with  a  little  practice,  be  injected  per  urethratn 
alone. 

Taberculosis  of  the  Kidney. — Tuberculosis  of  the  kidney  oc- 
curs in  two,  or,  perhaps,  three  forms.  The  first  is  part  and  parcel  of  a 
general  miliary  tuberculosis,  with  which  the  surgeon  has  no  concern. 
The  second  a  form  of  locaLzed  miliary  tuberculosis,  in  wliich  one  or 
many  points  of  both  kidneys  may  be  an'ccted,  the  contagium  being  car- 
ried by  the  blood-stream  and  settling  in  the  capillaries  surrounding 
the  tubules  of  Ferrein,  there  giving  rise  to  the  development  of  granu- 
lation-tissue, which  subsequently  undergoes  coagulation- necrosis,  liquc- 
faction,  and,  in  the  presence  of  pyogenic  organisms,  pus-formation. 
The  other  form  is  a  tuberculous  pyelitis,  or  pyelonephritis,  or  nephro- 
phthisis, which  may  occur  primarily,  or  from  infection  by  spinal  tuber- 
culosis, nr  by  an  ascending  crce])ing  process  from  the  lower  urinary 
tract.  The  disseminated  tuberculosis  is  more  common  in  children,  and 
is  bilateral.  A  tuberculous  pyelitis  often  affects  one  kidney  only,  and 
is  met  with  commonly  after  the  age  of  puberty. 

In  all  cases  of  cortical  or  deep-seated  implantation,  early  symptoms 
may  be  entirely  wanting,  except,  perliaps.  polyuria,  which  may  not 
attract  attention,  or  else  may  be  erroneously  ascribed  to  some  other 
cause.  After  the  disease  has  existed  for  some  time  there  may  be  com- 
plaint of  pain  and  dragging  in  the   loin;    and   bimanual   palpation  will 
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sometimes  discover  a  kidnc)'-tumor.  which  may  often  be  made  out  to 
be  nodular  or  irregular  in  outhnc. 

In  some  cases,  the  tuberculous  Rranulationproccss  may  cause 
thickening  or  swelling  of  the  mucosa  and  submucosa  of  the  pelvis  of 
the  kidney  and  ureter,  and  so  give  rise  to  swelling  and  enlargement  of 
the  organ.  In  other  cases,  and  more  particularly  after  considerable 
periods  have  elapsed,  the  pelvis  of  the  kidney  may  become  distcndetJ. 
and  the  ureter  also,  and  symptoms  of  hydro-  or  pyonephrosis  ni.iy 
result.  In  the  cases  of  implication  of  the  pelvis  of  the  kidney,  exam- 
ination of  the  urinary  sediments  may  serve  to  indicate  the  character  of 
the  process;  and  often  in  the  parenchymatou.s  form,  when  the  disease 
has  proceeded  to  caseation  and  ulceration,  the  detritus,  of  course,  gives 
evidence  of  its  tuberculous  character. 

Treatment. — In  ciises  where  a  tumor  can  be  detected  in  the  loin, 
lumbar  incision  affords  at  once  a  means  of  diagnosis  and  one  of  the 
best  methods  of  treatment;  for  then  drainage  can  be  established  and 
local  medication  carried  out.  In  case  of  extensive  disease  of  one  kid- 
ney only,  with  reasonable  assurance  of  the  integrity  of  the  other, 
nephrectomy  may  very  well  be  practised,  and  this,  oftentimes,  without 
a  preliminary  ncplirolomy  and  drainage.  For  although  tubercle  here, 
as  elsewhere,  gives  rise  t<»  ulcerative,  destructive  effects  in  the  course 
of  its  development  within  an  organ,  without  interfering  with  the  utility 
of  .surrounding  portions,  yet.  if  one  kidney  be  extensively  disorgan- 
ized, experience  has  shown  that  the  operation  of  nephrotomy  may  be 
attended  with  as  hca\')'  a  mortality  as  that  of  nephrectomy.  Careful 
observation  of  the  urine  aiid  catheterization  of  the  ureters  will  gener- 
ally enable  one  to  discover  the  relative  condition  of  tlie  two  kidneys. 
Therefore,  the  anterior  incision  need  no  longer  be  practised  with  a  view 
of  determining  the  condition  of  the  supposedly  unafiTected  kidney. 

General  roborant  treatment,  with  the  employment  of  antiseptic  rem- 
edies voided  by  way  of  the  kidneys,  will  oftentimes  delay  the  progress 
of  the  disease  to  a  very  considerable  extent.  Even  if  both  kidneys  be 
partially  diseased,  it  is  still  possible  to  effect  some  good  surgically  by 
the  ablation  of  the  diseased  parts,  followed  by  suture. 

Nephrotomy  with  curettage,  followed  by  drainage  by  rubber  tubingr 
and  iodoform  gauze,  after  irrigation  with  iodoform -glycerin  emulsion, 
has  afforded  the  writer  very  gratifying  results,  and  he  has  found  the 
subsequent  injection  of  iodoform  emulsion  (10  per  cent.)  combined 
with  a  weak  solution  of  chlorid  of  zinc  and  formaklehyd  to  distinctly 
diminish  the  amount  of  discharge  and  promote  cicatrization. 

If  there  is  a  condition  of  pyonephrosis  with  severe  general  symp- 
toms, or  if  there  is  a  complicating  perinephritic  abscess,  primary- 
nephrectomy  should  not  be  attempted.  The  mortality  is  very  large 
under  these  circumstances,  and  it  is  safer  to  do  a  preliminar>'  nephrot- 
omy which  shall  be  followed  later  by  a  sccondarj'  nephrectomy.  The 
drainage  afforded  by  the  incision  allows  the  acute  inflammatory'  condi- 
tion to  subside,  and  the  jxitient  meanwhile  rei;u|K:rates.  This  method 
of  treatment  will  be  followed  by  excellent  results. 

Nephrotomy  to  provide  an  exit  for  sloughs  is  a  proper  precaution- 
ary measure  before  using  the  tuberculin  treatment  in  nephrophthisis. 
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In  doing  nephrectomy  for  tuberculous  kidney,  it  is  sometimes  neces- 
sary or  advisable  to  do  a  partial  or  complete  ureterectomy. 

The  great  danger  in  leaving  a  tuberculous  ureter  in  the  body  is  that 
it  may  cause  further  local  manifestations  of  the  disease,  either  imme- 
diately or  remotely.  Tubercular  abscesses  may  develop  in  the  loin  as 
late  as  two  years  after  a  nephrectomy  in  such  cases,  the  patient  in  the 
mean  time  being  in  good  health.  Another  danger  is  that  the  diseased 
ureter  may  serve  as  an  infecting  focus  for  the  dissemination  of  the  dis- 
ease in  other  parts  of  the  body.  The  removal  of  the  ureter  through 
an  extraperitoneal  incision,  if  quickly  performed,  does  hot  add  much 
to  the  risk  of  the  operation. 


CHAPTER   XI. 
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THE  TECHNIC  OF  A^FTIC  SURGERY. 

The  middle-aged  surgeon  of  the  present  day  has  witnessed  the  be- 
ginning and  the  end  of  a  revolution  in  his  art.  which  represents  a  greater 
progress  than  has  been  made  in  all  the  precedin^^  centuries.  He  is 
fortunate  who,  with  personal  knowledge  of  the  black  septic  era,  is  stitl 
alive  to  enjoy  to  the  full  the  practice  of  surgery  under  the  reign  of 
asepsis. 

A  heavy  responsibility  rests  upon  the  younger  student  tliat  no  back- 
ward step  be  taken.  Let  liim  carefully  study  the  history  of  surgery 
before  the  days  of  Joseph  Lister,  that  he  may  thoroughly  appreciate 
the  blessings  which  he  now  enjoys,  and  the  dangers  gainst  which  he 
must  be  ever  vigilant 

The  surgeon  should  appreciate  the  fact  that  the  introduction  of  bac- 
teria into  the  body  takes  place  in  nearly  all  cases  through  some  lesion 
on  the  external  surface  of  the  body  or  in  a  mucous  tract,  and  that 
without  such  a  wound  bacterial  invasion  is  rare ;  that  the  commonest 
source  of  wound-infection  is  the  pyogenic  oi^anism,  although  a  num- 
ber of  these  bacteria  are  required  to  cause  real  disturbance  of  wound- 
healing;  and,  finally,  that  the  success  of  this  invasion  is  dependent  not 
only  on  the  virulence  of  the  germ,  but  also  upon  the  condition  of  the 
soil,  the  tissues  and  fluids  of  the  individual,  and  upon  what  is  termed 
the  power  of  resistance  belonging  to  the  individual.  For  instance, 
linear  incisions  are  not  as  apt  to  be  the  seat  of  infection  as  contused 
and  lacerated  wounds.  Persons  weakened  by  disease  or  worn  out  by 
excessive  labor  yield  more  readily  to  infection  than  healthy  individuals. 
Some  individuals  possess  a  greater  power  of  resisting  the  effects  of 
germ-infection  than  others. 

It  is  now  established  that  nearly  all  bacterial  infection  can  be  traced 
to  man's  tangible  surroundings,  on  which  lies  dirt  of  various  kinds. 
The  dust  and  dirt  of  the  street  are  loaded  with  germ-life  of  all  kinds, 
moulds,  yeasts,  fungj,  bacilli,  cocci,  color-  and  odor-producing  bacteria 
being  present  in  countless  numbers.  This  vast  army  of  bacterial 
growth  is  readily  carried  by  currents  of  air  into  every  nook  and  comer, 
and  portions  of  it  are  liable  at  any  time  to  be  deposited  upon  every 
exposed  object,  including  the  clothes  and  body  of  every  individual.  It 
is  no  wonder,  then,  that  the  surface  of  the  body  should  be  a  nidus  for 
germs  of  all  kinds,  for  it  is  constantly  coming  in  contact  with  dust  and 
dirt  filled  with  germ-life.  Here  bacteria,  finding  suitable  conditions  for 
development — warmth,  moisture,  and  nutrient  media — propagate  ^sith 
great  rapidity,  and  eagerly  enter  the  body  llirougli  abrasions  of  the 
skin.  Careful  surgeons  therefore  use  every  means  at  their  command 
to  destroy  or  avoid  bacteria. 
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For  a  description  of  the  pyogenic  bacteria  the  reader  is  referred  to 
the  chapter  on  Surgical  Bacteriology. 

The  word  " sepsis"  from  the  Greek  verb  m'lituv,  was  formerly  used 
to  define  a  condition  known  as  putrefaction,  the  etiology  of  which  had 
not  been  discovered.  Gradually  this  term  came  to  be  employed  to 
denote  the  condition  found  in  pus-producing  wounds,  so  that  now  by 
sepsis  is  meant  the  condition  resulting  from  the  introduction  of  pyogenic 
bacteria  into  wounds.     All  sepsis  is  due  to  bacterial  invasion. 

By  the  term  "antisepsis"  is  meant  the  adoption  of  various  methods 
of  destroying  bacteria  or  inhibiting  them  in  their  growth.  Drugs  and 
methods  used  to  accomplish  this  result  are  termed  antiseptics.  True 
germicides  are  properly  called  antiseptics,  for  they  actually  kill  bacteria. 
Antiseptics  frequently  only  arrest  bacterial  development 

Asepsis  means  absence  of  germs  which  produce  sepsis.  Ideal  asep- 
sis is  scarcely  possible,  for  it  must  be  conceded  that  even  perfect 
wounds  contain  bacteria,  which  are  either  non-virulent  or  too  few  in 
number  to  cause  trouble. 

It  is  now  generally  believed  that  air  is  comparatively  harmless  to 
wounds,  provided  that  it  is  moderately  free  from  dust.     Of  course,  the 
writer  does  not  claim  that  ordinary  air  is  in  any  strict  sense  aseptic,  but 
only  that  the  exposure  of  an  operative  wound,  during  the  short  period 
of  its  formation,  to  the  atmosphere,  is  not  followed  by  wound-disease. 
This  is  demonstrated  clinically  by  our  experience,  for  we  frequently 
obtain  long  series  of  wound-healings  unbroken  by  the  sHghtest  evi- 
dence of  infection,  although  we  make  no  special  provision  against  the 
free  admission  of  ordinary  air  to  the  freshly-made  wound.     Undoubt- 
edly some  bacteria  are  deposited  in  the  form  of  dust  upon  every  wound, 
but  ordinarily  not  in  sufficient  quantity  to  result  in  wound-disturbance. 
Sea  breezes  have  been  shown  to  be  free  from  bacteria,  whereas  land 
breezes  are  not  so.     City  air  is  more  contaminated  than  country  air. 
The  atmosphere  of  high  mountains  is  comparatively  free  from  germs, 
and  the  air  in  wet  weather  is  more  nearly  aseptic  than  when  it  is  dry ; 
these  facts  proving  that  bacteria  arc  especially  abundant  in  the  air  in 
places  which  are  either  thickly  populated  or  where  dust  is  scattered 
abundantly  by  high  winds.     Gases  also  of  all  sorts  are  free  from  germs 
excepting  when  mixed  with  dust  or  spray,  and  the  prevalent  idea  that 
sewer  gas  may  cause  germ -infection  of  any  sort  is  incorrect.     That 
water  is  a  source  of  bacterial  infection  is  generally  known,  bacteria 
having  a  tendency  to  cling  to  water,  passing  from  it  into  the  air  only  in 
the  form  of  spray.     Ordinary  cold  water  is  laden  with  germs  and  fungi, 
therefore  it  must  not  be  brought  in  contact  with  aseptic  wound  sur- 
faces.    Water  from  ordinary  hot-water  boilers,  on  the  other  hand,  is 
comparatively  germ-free,  and  can  be  used  with  safety  when  freshly 
boiled  water  cannot  be  obtained. 

It  is  the  aim  of  the  modern  surgeon  to  make  and  treat  wounds 
aseptically,  to  do  which  intelligently  implies  a  thorough  knowledge  of 
the  causes  of  infection  and  demands  at  least  an  elementary  study  of 
bacteriology.  Fortunately,  with  the  various  methods  of  sterilization 
at  our  command,  it  is  possible  to  render  all  operating  paraphernalia 
free  from  bacteria,  and  skin-sterilization,  although  not  perfect,  has  been 
of  Lite  years  enormously  improved. 
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Successful  asc|>tic  surgery  depends  absolutely  u|h>ii  tlie  most  pains- 
taking attcntiun  lo  prcliininary  details.  Not  only  must  each  individual 
item  in  the  surgeon's  armamentarium  be  germ-free,  but  also  every 
indivitlual  employed  in  an  operation  must  realize  that  complete  failure 
may  follow  the  slightest  neglect  on  his  part.  The  duties  of  each 
should  be  appointed  before  the  operation  begins,  so  that  speed  may 
be  attained  without  confusion,  thus  avoiding  loopholes  for  errors  in 
tcchnic.  After  the  sterilization  of  hanil*;,  objects  which  have  not  been 
disinfected  must  not  be  touched.  Since  the  hands  are  the  most  frecjurnt 
source  of  wound-infection,  as  few  as  possible  should  come  in  contact 
with  the  wound-surface.  The  dangers  of  infection  arc  increased  by 
improper  hcmostasis,  accumulation  of  scrum  and  blood-cEot  in  dead 
spaces,  the  presence  of  detached  or  poorly  nourished  particles  of  tissue, 
improper  drainage,  traumatism  by  rough  hundUng  of  tissues,  irregular 
incisions,  and  irrigation  of  wounds  witli  caustic  solutions  which  produce 
superficial  necrosis,  thus  interfering  with  wound-repair.  Kvery  surgeon 
should  entertain  the  absolute  conviction  that  strict  attention  to  perfect 
aseptic  lechnic  will  acc/>mplish  nearly  unfailing  .success. 

The  making  of  wounds  with  in.struments  and  hands  absolutely  free 
from  germ-life — that  is,  thoroughly  sterilized,  and  the  complete  avoid- 
ance of  allowing  any  object  not  completely  sterilized  to  come  in  con- 
tact with  the  wound -surface,  represents  what  we  mean  by  aseptic 
surgery.  Disinfectants  and  antiseptics  of  various  kinds  are  therefore 
used,  in  order  that  we  may  so  prepare  our  various  instruments  and 
surgical  materials  that  we  may  work  iuseptically  ;  and  it  has  been  clearly 
demonstrated  that  if  such  prcpara.tions  are  properly  made  before  an 
operation  is  begun,  and  if  no  fault  is  committed  by  the  operator  or 
his  assistants  during  the  course  of  an  operation,  the  wound  may  be 
made  and  treated,  until  healing  has  occurred,  without  the  use  at  any 
numient  after  the  beginning  of  the  operation  of  antisejjtic  of  any 
kind. 

Iileal  asepsis  would  mean,  of  course,  that  not  even  ore  bacterium  o< 
any  variety  should  find  lodgement  in  the  wound.  Ideal  ascpsLs,  as  thus 
defined,  has  certainly  not  yet  been  attained,  but  fortunately  nearly  uni- 
form success  can  be  accomplished,  in  spite  of  the  entrance  into  wounds 
of  some  genn-life,  such  as  uii<l<iuhtedly  is  dc|«>sitrd  from  ordinarj'  air 
upon  every  wound-surface.  To  diminish  the  number  of  these  acd- 
denial   visitors  is  the  special   aim   of  the  asejjtic  working  surgeon. 

Methods  of  Sterilization. — It  is  of  the  first  importance,  then,  to 
study  carefully  the  means  b>'  which  we  may  so  prepare  our  hands,  our 
instruments,  and  other  materials,  as  to  render  them  as  nearly  aseptic  as 
[Hissible.  We  mu.-^t  begin  with  ihe  methoih  of  sterilization.  These 
methods  have  been  well  cl.xssified  by  Scliinmielljusch  as  follows  : 

1.  Mechanical  cleansing. 

2.  Germicidal  agents,  chemical  and  thermal,  which  destroy  bacteria. 

3.  Agents  which  arrest  bacterial  development  and  prevent  ger- 

mination and  multiplication. 

4.  Antitoxin  agents  directed  not  against  microbes  themselves,  but 

against  ptomain-products. 

5.  Agents  nut  anbctiiig  bacteria  or  ptomaines,  but  Increasing  the 

power  of  resistance  on  the  part  of  the  patient's  tissues. 


2.  Heat 
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This  classification  therefore  includes  the  use  of: 
I.  Mechanical  washing  and  scrubbing,  etc. 

r    Moist    [  Boiling  water. 

1  Steam. 

T^  I  Hot  air. 

^    ^"y      [     Flame. 

3.  Chemicals. 

4.  Antitoxins,  etc. 

5.  The  attenuation  of  bacteria  by  multiple  infection. 

In  selecting  from  the  various  methods  of  disinfection  which  ones  he 
shall  u.se,  the  surgeon  must  be  governed  entirely  by  the  conditions 
under  which  he  is  placed.  Steam  cannot  be  used  for  the  disinfection 
of  hands,  therefore  other  methods  must  be  substituted.  Again,  other 
conditions  arise,  such  as  the  resistance  of  the  infectious  organisms  to 
be  destroyed  and  the  disinfecting  power  of  the  agents  to  be  employed, 
the  resistance  offered  by  the  form  and  shape  of  the  object,  the  thickness 
and  kind  of  dirt,  the  chemical  changes  that  may  occur,  the  element  of 
time,  and  the  expense  of  the  disinfectant. 

Mechanical  Cleansing. — While  the  methods  of  sterilization  are 
numerous,  by  far  the  most  useful  and  most  important  is  mechanical 
cleansing,  not  only  as  applied  to  the  patient,  but  also  to  the  immediate 
surroundings.  Whatever  success  was  obtained  before  the  discovery  of 
antiscpsi.s  was  due  in  a  great  measure  to  cleanliness  and  proper  hygienic 
surroundings.  The  removal  of  dirt  by  washing,  scrubbing,  and  shav- 
ing not  only  disposes  of  enormous  masses  of  bacteria,  but  so  prepares 
the  various  surfaces  that  other  methods  of  sterilization  can  be  success- 
fully used  in  attacking  such  germs  as  remain. 

Heat. — As  a  general  disinfectant  no  agent  is  so  valuable  as  heat,  and 
only  when  it  cannot  be  applied  in  one  form  or  another  should  chemical 
sterihzation  be  made  use  of  '  Heat  may  be  applied  either  in  the  form  of 
the  flame  or  of  boiling  water.  The  actual  cautery  may  be  used  for 
Sterilizing  septic  surfaces,  the  flame  for  the  sterilization  of  instruments ; 
but  its  use  for  this  purpose  is  generally  to  be  condemned,  as  it  discolors 
and  injures  metal. 

The  anthrax  organism  is  one  of  the  most  resistant  pathological 
germs,  yet  it  is  destroyed  by  boiHng  water  in  two  minutes.  Bacteria 
without  spores  have  yielded  to  this  agent  in  from  one  to  five  seconds. 
and  the  most  resistant  bacteria  in  from  fifteen  to  thirty  minutes;  there- 
fore the  practical  utility  of  boiling  water  is  exident,  for  it  is  not  only  ver>' 
crticient  but  inexjK'nsive,  constantl}'  at  hand,  and  requires  little  time  in 
prejxiration.  Its  use,  however,  is  limited  to  the  preparation  of  solutions, 
suture-materials,  instruments,  and  dressings. 

Steam. — As  a  sterilizing  agent,  steam  possesses  a  higher  value  than 
hot  air,  as  it  requires  a  shorter  time  and  is  more  thorough.  The  tem- 
jx'rature  necessarj'  is  lower.  an<.l  it  does  not  bum  dressings  and  cloth> 
in_i;,  nt^r  render  tlicm  fragile  or  useless.  Live  steam  will  kill  anthrax 
s|H>rcs  in  from  live  to  hfteeii  minutes.  Hot  air  takes  much  longer  to 
aceoniplish  the  same  object.  Steam  may  be  used  in  the  following  forms 
for  disinkvtiiii;  purposes:  a.  Ouicscent — simple  steam;  b.  Circulating 
laxly — li\  e  sic.im  ;  r.  I'nder  pressure — high-tension  steam ;  d.  If 
raise*.!  by  tlanie  at    lOO"  C — su[Krheated  steam. 
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Of  these  x-arious  forms,  live  steam  lias  provctl  to  bi;  more  germi- 
cidal than  sitiiplt;  sleani,  and  that  known  as  high  ttrn.siun  is  the  most 
potent  of  all.  Various  appliances  called  stemn  sterilisers  are  found  in 
the  market.  (Inc  should  be  familiar  with  the  requisites  of  a  projirr 
steriii/.t:r,  and  a  brief  description  of  those  generally  believed  to  be  most 
suitable  for  hospital  and  private  work  is  here  given.  'I'he  requisites  for 
the  best  sterilizer  may  be  .su]nmtr<l  upas  follows:  1.  FrojxT  shape- 
prevention  of  dead  spaces  ;  2.  Saturated  .steam  ;  3.  Prevention  of  con- 
densation ;  4.  Pressure;  5.  An  equable  temperature;  6,  Devices  for 
drying  drcssing.s ;  7.  Cheapness  and  ease  of  manijiulation. 

Whetlier  Ibc  sterilUci  be  laigc  oi  small,  it  b  ad<ninUgM)US  lo  ftvoiil  ik|Viii[v  comers,  for  in 
ihcv  air  i«  itpt  )'>  collect,  nnd  iteam  cloirs  nni  |>«nrlral<'  ^latiibiciurjly,  ■m  that  ponionK  of 
Duii«iol!i  occupying  ftuch  ^tacc^i  nre  not  ttcriliitctl  (Mnprrly. 

Thr  Irnglli  of  llie  MerilMi-r  ini]>l  alsij  be  liiriili;*!,  for  iht!  lunger  it  tii,  \\\f.  gimipr  ts  ihv 
ditnculty  of  miinUiiiine  aii  equable  tempers  lure.  Sicam  tiltiitB  »tich  *.  re»cTvi>ir  sliould  be 
Mtunl'nl — ihal  is  there  ^houM  lie  \m  ulinixlure  uf  gas.  Tlii^  \xn  lie  uei*(Mii|kli»lieil  in  etlhtr 
of  two  way»— by  crcaiJnK  x  vaoium  beroro  arimiltins  tho  Mrnm,  or  by  nilniitting  Mc-am  fmn) 
above,  '['he  VNCUum  tlrives  ibe  «ir  tiul  unly  Entn  (lie  cliiuutiLT.  l>u(  aUu  fnim  itic  o^bjeels 
en^-kHod,  and  tliti<;  Indirtcclv  help.«  m  heat  ihesc,  both  by  preventing  condrEisation  and  also 
by  aidiiit!  lulurr  |>enrUalii)H  by  mi<nng  tli«  prcMurc  of  strjiiii  foreed  in  lutci.  rhun.  with  ■ 
pfelimitury  voiunai,  Mt-aiii  at  l«i  ptmnd*'  pressure  i&  as  Rtxid  as  Mcam  at  twenty  pounds  with- 
out *  ncuum.  h'cir  a,ll  practical  purpOM;».  hi^wever,  (lie  admivMon  af  Mciun  frum  nbuvc  will 
drive  the  air  mtl  siufiocieiilly  well.  Siictial  emphasis  is  laid  upuii  the  admission  of  sltam  from 
above,  becAusc  in  thi«  way  air  will  be  forced  mtt  Mcodily  and  unifnrraly,  neam  being  lighter 
than  air ;  whrrea>.  if  it  conies  from  beluw,  the  steani  passes  up  in  eddies  and  escapes  iu  part, 
without  rorcing  the  air  out  ccimplelely,  K\  the  live  lUenm  pa<te*  into  the  MeriH/er.  there  \t 
a  lewlency  for  it  lu  ^ive  up  ib  latent  heul.  no[  only  to  tbe  walls  of  tlie  chamber,  but  alsu  to 
the  dressit^s  enclosed.  The  feMilt  ii  C"ndenvili«in  and  a  riinnatliin  of  dnigMof  water,  which 
line  the  vrajl  of  the  xterilixer  and  wcl  the  drc!>^njj>».  To  exclude  this  defect  ab>oliUe]y  is 
Tery  dtfficull,  but  certain  methods  arc  made  use  of.  which  letider  damage  from  this  smirce  in 
infrequent  cKcurrcncc.  In  the  lint  place,  all  xIcriliEers  should  be  surrmindcd  with  a  Meain 
jacluri,  ihniugh  whii^h  steam  hotter  than  that  in  the  chamber  should  pass,  and  the  element  of 
coodenutton  will  Ihim  be  avoided.  This  fx-ket  hn«  the  atlv-antnge  ntil  only  of  preventing 
ComlenMition,  but,  a?^  it  becomes  superheated,  the  steam  is  kept  in  cireulatinn  by  the  effect 
of  this  increased  (etnpemture  on  the  »ide<  of  the  jaekel,  Objects  befr»rc  being  brought  in 
conlaet  with  sicnni  ilmuld  be  lhiJTuU{;liIy  healrd,  mi  that  when  tliey  are  eipdMrd  to  the  vapor, 
Cjndc notation  wilt  not  be  (is  likely  to  occur,  IVepamtory  wnrming  di>es  not  entirely  present 
Coodeiuation.  bccauM;  the  hut  air  cioes  not,  as  a  rule,  penetrate  lu  tlic  <:enlcr  of  the  objects 
to  b«  sterilised,  and  the  cold  air  In  the  eeiUer  may  eauw  some  condensation.  With  a  Me«m 
jacket.  However,  the  Meain  i»  tlie  chum1>er  \*  inclined  to  l>e  Maperhentcd,  and  the  culra  heat 
is  sutticient  to  cause  re-evn|x>rBtiDn  of  moislun:,  so  that  objects  eventually  cnme  out  dry  and 
little  harmed.  It  ha«  l>ecn  conclukively  :*hown  that,  in  order  to  get  the  greatest  benefit  from 
steam  sterilUation,  the  live  steam  should  be  kept  under  prcwiure.  Higli  pressure  »1cam,  and 
by  thiK  I*  meani  ite^m  under  preuurc  of  (mm  ten  to  lifleen  |w>unds  to  the  square  inch  at 
340"  K.,  has  the  advantage  over  steam  at  low  pre.ssure  that  it  is  more  ]ienrtniiing  and  more 
germicidal.  It  \\  altio  lei*  liable  to  eonden-uiiion  and  can  be  easily  obtained  fmin  Any  neigh- 
boring steam  pipes,  so  that  special  apparatus  fur  iL."  manufacture  i<  not  required.  Its  diiad- 
vantages  are  increased  rare  and  expense  in  (he  manufacture  of  steriliiers,  and  more  care 
rei|uired  in  handling  them.  The  bc*l  pciietratiun  can  be  ublainod  by  relaxing  the  proaure 
during  slenliHtion  and  fcttlling  the  chnmber  with  steam  several  times,  thus  driTing  out  the 
air  in  the  mnteriaU  to  be  di*infectei|.  The  maintenance  of  an  equalfle  temperature  thrxnigb- 
out  the  pr\)crvi  of  sleiitieaiinn  in  every  corner  of  the  sieriliier  is  very  necessary  :  otherwise, 
diMnfrction  will  nor  be  cumplele,  and  it  in  only  by  keeping  high,  itirafly  prcuure,  by  pre* 
renting  condensation,  and  by  obtaining  a  complete  liberation  of  air  fmm  tlie  chamber,  that 
sueh  a  lem|teniiure  can  h?  pr»mn-d.  Should  the  dre«ungit  be  found  mniM  after  being  iteril- 
ixed,  AW  easy  method  of  drying  consists  in  turning  olT  the  steam  in  the  cbiuDt>cr  and  oon- 
(jniiing  that  in  the  nienm  jacket.      Itreuings  may  then  be  readily  dried. 

The  following  articlat  may  b«  expased  to  stt^m  for  sterilization: 
Dressings,  towels,  gowns,  suture-material  of  some  sorts,  solutions  in 
glass  jars,  gauze  impregnated  with  chemicals,  such  as  iodoform  and 
balsam  of  Peru,  and  infected  clotliing.     Rubber  and  lt»thcr  cannot  be 
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sterilized  by  steam  without  injury.  Before  exposing  articles  to  steam 
sterilization  care  must  be  taken  not  to  pack  them  too  tightly  together 
— that  is,  air  spaces  shwuld  exist  between  the  difTcrcnt  objects.  Articles 
should  not  come  in  contact  willi  tlie  sides  of  itie  sterilizer ;  othcrM-ise, 
drops  of  moisture  which  accumulate  upon  ihe  lining  nia>-  fall  upon 
them.  All  materials  should  be  healed  before  ihcy  are  exposed  to 
steam.    The  time  required  for  steam  sterilization  is  dependent  upon 

several  different  conditions. 
as.  for  instance,  the  amount 
of  pressure,  the  temperature, 
the  compactness  of  the  arti- 
cles to  be  disinfected,  and  the 
nature  and  virulence  of  the 
orpanism  to  be  destroyed. 
As  a  rule,  to  secure  a  per- 
fect gennicidal  action,  articles 
must  be  exposed  for  fifteen 
minutes  under  ten  pounds' 
pressure  and  a  licat  of  240° 
F,  for  three  consecutive  peri- 
ods twenty-four  hours  apart, 
in  order  to  allow  for  the  de- 
vdopment  of  spores,  which 
are  more  resistant  than  the 
germs  themselves.  For  or- 
dinar)'  purposes,  the  common 
vegetative  germ  may  be  killed 
if  sterilization  is  continued  for 
three-quarters  of  an  hour  on 
one  occasion. 

V<'t  hoiuilkl  work  (be  Kny-Spraicne 
StcriliMrr  \  rig.  $6 )  has  rfmr«l  to  be  as 
tutcful  ■»  Any.  It  connikl*  of  a  cylin- 
drical chuinbcT,  Humnimlnl  by  a  steam 
jnckel,  attached  to  which  i&  an  arTan|{«< 
■nrnt  for  creating  a  vacuum  when  tr- 
quitivi.  The  waicr  \s  houM  \vom 
baicath  by  gas,  or  by  sleao)  cullcvtrd 
thfrmj^i  pinea  frnin  Mime  ncighhotiiiu 
boilvi.  Tnc  »tc»iii  jacket,  halfltlied 
with  water,  gene  rat  ei  Uir  mjuisite 
smotint  of  dcam.  under  prcsaunr  of 
(tvm  len  lu  Iweiity  {XidimI*.  at  a  tetn- 
p«ninirc  of  fpim  ajo"  to  ado"  F.  t 
then  the  ait  in  the  >tciiluiiig  chambrr 
ii  exhausted  by  the  vartnm  appaniiu*., 
and  the  oteam  lumed  in.  Tnc  slram 
is  allowed  lo  circulate  freely  for  fmni 
Aftern  to  Ihiny  minule4.  according  b» 
the  density  ol  the  objects  r*(«)wl, 
and  is  then  lunml  off.  The  residual  steam  is  now  rrmovrtl  by  creating  a  vacuum,  and  Uie 
materials  are  then  AnrA  by  the  heni  grnirnileil  in  ihu  jaikel  MUToundiHi:  the  cfaarabrr. 
Thia  will  reauirt  fntti  Icn  I"  Iwcniy  nimutcs.  Ily  turning  a  mlvc.  hltcred  nir  »•  allowed 
10  pBM  Into  iht>  chamber,  thu^  relieving  llie  vacuum,  and  the  maCenaU  aic  feiu»*ed  dry  and 
sterile.  Smaller  rterili/crs  for  privnte  yroxk  arc  made  of  Ihe  Ninie  [laiicm,  which  anfwer 
the  {nir(W)se  ulmirabky.  Where  n  cimdrnution  iiutntnicnt  and  iteara  »teriliier  without  pic^ 
urc  are  devred,  the  Schttnmclbtasch  apparatus  ia  found  to  be  very  efiicicnl.     In  thu  llie 


Kt<;.  s6.— Kny-Spmgue  sieriliwr-  u.  funnel  and 
valve  wheie  watrr  it  t:ikrn  into  the  fnckri;  i^.  valve 
for  diicharse  of  air  di>pl»ccd  by  ihe  water;  e.  gas 
atlnt^hment ;  d.  ufeiy  valve;  r,  vidv*  which  conlrols 
Ibeslaam  for  vacuum  npparjius;/  valve  admitting 
steam  from  jacket  lo  chjml.cr  .  g.  kIa**  water-gauge ; 
k,  ventilalinK  pipe  for  [pi»  tonibu*tion  ;  i.  teat-valif«? 
for  stotni  in  chamber ;  i,  air-filiering  valve  for  de- 
stroying vacuum. 
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iStMOl  escaping  from  ihc  water  iffled  for  boiling  inHtnimrni*  sirriliu^s  ihe  (1rrs.^Rgii.  The 
flressiii)*s  are  ranged  iu  pack*  constnicicti  ufler  tl)e  maniiPT  d«MTih«d  in  the  chapter  on 
I)rcu«ntp,  Bnd  arv  then  placed  atiove  ihr  npcrtmcnl  uw<l  (iir  ihr  Mrrilimtinn  iif  jnnlnimratv 
Hot-air  sleriliicr?  have  pn^vctl  Iw  be  oi  110  practical  »«lvic  in  surgery,  and  ttiereforc  need  not 
be  here  described. 


Chemical  Disinfection. — Chemical  disinfection,  although  inferior  to 
mechanical  and  ihcniLiI  tiicthods.  ncvcrllielL-ss  must  be  employed  under 
certain  conditions.  Chemical  antiseptics  are  now  generally  used  simply 
for  the  purpose  of  obtaining  an  aseptic  condition  prior  to  operation.  A 
chemical,  in  order  to  be  an  ideal  disinfectant,  must  have  certain  proper- 
ties. It  mu.st  be — I.  Soluble  and  penetrating  ;  2.  Actively  germicidal ; 
3.  KfTcctivc  in  a  brief  time ;  4.  Non-poisonous;  5.  Neither  destructive 
to  materials  nor  irritating  to  wound-surfaces;  6.  Not  decomposable, 
and  not  rendered  inert  by  condensation  ;  7.  Inoffensive  in  odor;  y.  In- 
expensive. 

No  chemical  combining  all  tjiese  valuable  qualities  has  yet  been 
discovered.  Only  a  few  chemicals  have  germicidal  action  on  anthrax 
spores,  even  when  the  latter  have  been  exposed  to  them  for  twenty-four 
hours.  These  are — bichlorid  of  mercury,  iodin,  chlorin.  bromin,  tri- 
chlorid  of  iodin,  and  creo-jote  mixed  with  sulphuric  acid. 

A  few  are  germicidal  after  cntitinuous  contact  for  a  number  of  days. 
Such  are — carbolic-acid  solution,  5  to  lOO;  ligneous  vinegar ;  chlorid- 
of-lime  solution,  5  to  lOO;  turpentine ;  formic  acid;  chlorid-of-iron  so- 
lution, 5  to  1CX3;  quinin ;  muriate  solution,  i  to  100;  arscnious-acid 
solution,  I  to  1000;  muriatic-acid  mi.\turc,  2  to  100;  sulphuric  ether. 

The  vegetative  forms  of  bacteria  are  not  so  resistant,  and  will  suc- 
cumb even  to  some  of  the  weaker  chemicals;  but  still  the  antiseptic 
power  of  these  drugs  is  far  below  that  of  heat,  for  it  has  been  found 
that  the  Staphylococcus  pyogenes  aureus  is  not  completely  destroyed 
when  subjected  for  fifteen  minutes  to  the  action  of  a  i  to  looobichlorid- 
of-mcrcury  solution. 

In  regard  to  the  \'a!ue  of  chemicals  for  disinfection,  laboratorj*  ex- 
perience sometimes  prtuiiices  tJiffcrcnt  results  from  those  obtained  In 
surgical  work,  because  the  coutlitions  are  different.  Kor  instance,  in 
laborator)'  experimentation  u  few  germs  are  exposed  to  a  large  quan- 
tity of  the  chemical ;  but  in  surgical  work  the  reverse  holds  true,  for  in 
the  latter  case  sterilization  is  attempted  upon  masses  of  bacteria  hidden 
away,  often  in  impermeable  matter,  such  as  coatings  of  fat,  so  that  very 
little  antiseptic  ever  reaches  many  of  the  germs.  Then,  too,  most  anti- 
septics on  coming  in  contact  with  wound-discharges  break  up  into 
combinations  which  are  inert,  uniting  more  commonly  with  the  albumin 
contained  in  wound-discharges.  While  comparatively  few  different 
chemical  antiseptics  are  at  present  made  use  o^,  the  more  important 
ones  that  have  been  recommended  of  late  years  will  be  now  enumer- 
ated : 

Chemicals  for  disinfection  are  used  either  as  pow<lers  or  in  solutions 
of  a  watery  or  oily  character,  and  they  are  here  cla.ssified  according  to 
their  germicidal  power: 

BiciiloriHof  mrriiuryx^  the  most  active  of  all.  It  occurs  as  a  white,crys- 
tal line,  odorless  powder,  vcrj'  poisonous,  and  soluble  to  saturation  in  i  to 
16  of  cold  water,  t  to  3  of  alcohol,  and  is  also  freely  soluble  in  ether  and 
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volatile  oils.  It  promptly  decomposes  on  touching  metals,  and  there- 
fore cannot  be  used  for  sterilizing  instruments,  nor  should  it  come  in 
contact  with  metallic  apparatus  of  any  sort.  Mixed  with  ordinary 
water,  it  has  been  found  that  earthy  substances,  carbonic  alkalies,  com- 
bine with  the  salt,  causing  an  inert  precipitate.  This  is  to  be  avoided 
by  using  hot  distilled  water  and  adding  equal  parts  of  salt  and  one  of 
the  following  substances :  Sodium  chlorid,  tartaric  acid,  hydrochloric 
acid,  or  salicylic  acid,  to  a  given  quantity  of  water.  The  solution,  even 
with  distilled  water,  soon  becomes  inert  on  standing,  on  account  of  the 
formation  of  an  oxychlorid.  Light  also,  after  a  short  time,  causes  a 
partial  decomposition,  precipitating  calomel,  and  forming  hydrochloric 
acid.  A  I  to  looo  solution  is  used  in  the  disinfection  of  skin-surfaces. 
For  this  purpose  it  can  be  actively  useful  only  after  oily  material  has 
been  removed  from  the  area  to  be  disinfected.  In  sterilization  of  jars, 
bowls,  etc.,  before  operation,  corrosive  sublimate  is  valuable  in  the  same 
strength,  also  in  the  preservation  of  catgut  in  alcoholic  solution,  rubber 
tissue,  sponges,  and  tubing.  Bichlorid  of  mercury  should  not  be  used 
on  wound-surfaces  for  several  reasons :  In  the  first  place,  it  causes 
superficial  necrosis,  even  when  employed  in  the  strength  of  i  part  to 
10,000,  and  thus  favors  a  multiplication  of  micro-organisms,  and  when 
it  comes  in  contact  with  the  albumin  in  pus,  blood,  or  in  any  tissue, 
the  salt  decomposes,  forming  an  inert  salt  of  albuminate  of  mercury, 
which  simply  surrounds  each  spore  or  bacterium,  forming  a  capsule, 
and  thus  further  disinfection  is  prevented. 

Poisonous  symptoms  have  frequently  been  noted  as  a  result  of  the 
continued  use  of  this  drug.  When  used  continually  by  the  sui^eon, 
the  hands  become  blackened,  rough,  and  cracked,  and  in  that  condition 
are  especially  liable  to  harbor  bacteria.  Local  irritation,  resulting  in 
an  angry  dermatitis,  often  follows  the  application  of  moist  bichlorid 
dressings,  and  when  solutions  of  bichlorid  have  been  used  for  contin- 
uous irrigation,  symptoms  of  violent  gastro-enteritis,  colicky  pains,  vom- 
iting, and  .salivation  sometimes  occur.  For  ease  of  transportation  cor- 
rosive-sublimate tablets  are  sold.  The  outer  coating  of  such  tablets 
after  a  time  changes  to  calomel,  and  thus  the  strength  of  the  tablet 
becomes  lessened.  A  10  per  cent,  solution  is  more  useful,  2  drams  of 
which,  added  to  a  quart  of  water,  cause  a  solution  of  the  strength  of  i 
part  to  1000  of  the  pure  salt.  About  y\  grains  added  to  the  pint  make 
a  solution  of  the  same  strength. 

Carbolic  acid.  Lister's  original  disinfectant,  is  a  local  caustic,  coagu- 
lating albumin,  and,  like  corrosive  sublimate,  should  not  be  used  on 
wound- surfaces,  on  account  of  its  irritating  effect.  It  is  not  nearly  as 
powerful  a  germicide  as  bichlorid  of  mercur)',  requiring  from  fifteen  to 
twenty  minutes  for  the  destruction  of  vegetative  bacteria.  It  has  the 
advantage  of  permeating  oily  substances  and  of  retaining  its  stability. 
It  is  cheap,  a  good  deodorizer,  and  has  a  slight  anesthetic  effect  on 
tissues. 

When  the  hands  of  the  operator  come  in  contact  with  carbolic-acid 
solution  for  any  length  of  time,  they  become  very  tender,  rough,  and 
cracked.  Poisonous  effects  may  occur,  both  locally  and  constitution- 
ally. Continuous  use,  as  in  the  form  of  hot  poultices,  often  causes  an 
acute  inflammation  and  desquamation,  and  strong  solutions  may  pro- 
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<iuce  gangrene.  It  is  especially  poisonous  to  cliiltlrcn.  When  the 
druf  is  applied  to  wound-surfaces  for  some  time,  sufficient  absoqHion 
may  take  place  to  cause  general  weakness,  sweating,  increased  sali- 
vation, anorexia,  nausea,  vomiting,  headache,  vertigo,  and  irregular 
breathing,  with  rapid  and  feeble  pulse.  If  tlie  absorption  of  carbolic 
acid  continues,  the  [latieiU  [Kisses  into  cotna,  preceded  by  clonic 
spasms,  and  followed  by  collapse  aiul  death.  The  urine  soon  gives 
a  characteristic  ap]>earance.  becoming  green,  then  brown  and  smoky, 
and  an  absence  of  the  normal  amount  of  sulphates  is  noted. 

Oiher  juilisqiiics  of  tninnr  imparUncc  are  !yso1,  creolin,  salicylic  iicM,  boric  «ctd,  pAbu- 
»ium  pcmungBtiale,  c^xalic  icid,  and  chl»rin  wAtvr.  Of  thc^,  [y*ol,  creulin,  and  ^licyUc 
w.-td  have  many  of  the  chancteriuica  of  carbolic  acUl.  but  no  special  advantages  I'ota*- 
wum  iwrmfttigannle,  oxalic  acid,  and  rlilonn  water  are  of  intercel  chiefly  frnm  iheir  use  in 
some  of  (be  chemical  processes  for  the  dii^infccCian  of  the  haiitls.  Boric  acid  is  uited  limply 
fot  iiTigation  of  mucou.^  membranes.     For  chi»  purpnae  «U  solution  is  better. 

Hyeirogcn  perox'ui  lias  become  very  popular  in  the  treatment  of  sup- 
purating wounds.  It  is  a  clear  fluid,  the  full  strength  being  called  15 
volume  solution,  by  which  is  meant  that  15  volumes  of  oxygen  arc 
contained  in  each  volume  of  the  liquid  in  vcrj'  feeble  combination. 
The  precise  value  of  this  drug  as  an  antiseptic  has  not  been  deter- 
mined. The  bacillus  of  tetanus  has  been  cultivated  in  a  full-strength 
solution.  It  is  supposed  to  act  upon  the  albuniinoid  elements,  on 
which  the  bacillus  lives,  through  its  power  of  oxidation.  Strong  solu- 
tions are  non-poisonous,  but  if  it  is  used  continually  on  wound-sur- 
faces, the  latter  become  sluggish  and  pale,  and  the  tendency  to  heal 
seems  to  diminish.  As  a  cleansing  agent  and  deodorizer  for  foul-smell- 
ing and  suppurating  wound- surfaces  hydrogen  peroxid  i.<!  very  valu- 
able, if  not  used  for  too  long  a  time,  such  wounds  becoming  healthy 
hooking  and  inoffensive  as  the  discharges  are  oxidized.  When  hydro- 
gen jieroxid  is  applied,  ebullition  occurs  until  the  drug  is  exhausted 
or  the  pus  has  oxidized.  It  should  not  be  used  on  fresh  aseptic  wound- 
surfaces.  For  irrigating  suppurating  cavities  hydrogen  pcn^xid  is  very 
efficacious.  It  .should  be  kept  in  the  d.irk  and  cold.  Variability  of 
strength,  ready  decomposition,  and  expense  limit  the  use  of  this  agent. 
For  ordinary  pur|X>scs  the  strength  made  use  of  is  from  3  to  5  per 
cent 

Sodium  ehhrid,  or  common-salt  .solution,  in  the  physiological 
strength  of  i*j  of  1  per  cent.,  rendere<l  sterile  by  heat,  i.s  mentioned 
last,  not  on  account  of  its  minor  importance,  but  because  it  is  only 
indirectly  antiseptic.  It  ts  prepared  in  the  following  manner:  6  drams 
of  sodium  ehlorid,  first  sterilized  by  heat,  arc  added  to  i  liter  of  dis- 
tilled water,  which  is  ctmtained  in  an  oval  glass  flask  that  has  also 
been  sterilized.  This  flask  should  not  be  entirely  filled,  in  order  to 
allow  for  expansion,  and  shnidd  be  sealed  with  absorbent  cotton  and 
covered  with  a  handkerchief  of  gauice  fastened  tightly  to  the  neck  of 
the  flask,  so  as  to  keep  the  lips  of  the  bottle  sterile.  The  .solution 
thus  made  should  be  e.vposed  to  steam  stcrihzation  for  one-half  hour 
on  two  successive  days. 

For  -simple  mirchanical  irrigation  salt  solution  is  of  the  greatest 
value,  espcdally  when  applied  to  mucous  membranes,  fresh  wounds, 
and  serous  surfaces,  and  inasmuch  as  it  is  mild  and  .soothing,  non- 
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poisonous,  and  easily  obtained,  Js  by  far  the  best  irrigating  fluid  that 
can  be  employed.  It  is  the  only  chemical  preparation  that  does  not 
produce  irritation  when  brought  in  contact  with  wound-surfaces. 
After  its  use  aseptic  wounds  may  be  closed,  for  the  tissues  will  have 
suffered  no  more  injury  than  is  caused  by  the  ordinary  operative 
manipulation,  and  septic  tissues  already  weakened  by  bacterial  pmisons 
will  be  much  more  capable  of  resisting  pathogenic  organisms  than  if 
exposed  to  caustic  applications. 

During  operations  salt  solution  is  used  for  clearing  away  blood- 
clots,  one  of  its  effects  being  to  cause  various  tissues  to  become  more 
clearly  defined,  so  that  the  surgeon  is  enabled  more  readily  to  distin- 
guish the  proper  landmarks.  Its  use  in  skin-grafting,  and  also  as  an 
intravenous  infusion,  is  well  known. 

Alcolwl  is  a  preservative  agent  and  not  a  germicide,  although  it  pre- 
vents to  a  certain  degree  the  growth  of  bacteria  by  dehydrating  the  tis- 
sues. Its  u.se  in  surgery  is  limited  to  the  preservation  of  materials,  such 
as  catgut  which  has  been  previously  sterilized,  and  to  the  sterilization 
of  the  skin  through  its  power  of  removing  superficial  layers  of  latty 
material  and  withdrawing  water  from  the  tissues. 

Ether  and  turpentine  are  used  principally  for  the  purpose  of  cleansing 
the  skin  by  removing  dirty  and  fatty  substances. 

Numerous  potvders,  said  to  possess  more  or  less  value  as  antiseptics, 
have  been  recommended  from  time  to  time  to  the  profession.  Aseptic 
wounds  can  certainly  not  be  benefited  by  the  application  of  any  powder, 
and  much  better  applications  can  be  made  to  septic  surfaces.  No  pow- 
ders are  germicidal,  as,  in  their  original  form,  they  are  non-penetrating, 
and  bacteria  can  live  even  when  surrounded  by  the  most  powerful  so- 
called  antiseptic  powder,  if  it  is  dry.  When  applied  to  a  septic  surface, 
the  absorption  of  a  little  moisture  causes  the  formation  of  an  artificial 
scab,  and  so  prevents  the  escape  of  septic  secretions  from  the  wound- 
surface.  This  dry  covering  renders  the  next  cleansing  of  the  wound 
difficult,  and  its  mechanical  removal  produces  fresh  traumatism.  More- 
over, the  absorption  of  such  powders  is  only  limited  with  certainty  by 
the  amount  that  is  applied,  so  that  those  which  are  poisonous  in 
quality  are  capable  of  doing  serious  harm. 

Iodoform,  however,  deserves  especial  attention,  because  it  is  at  pres- 
ent in  very  general  use.  Many  surgeons  rarely  apply  it,  and  it  probably 
will  not  long  occupy  a  position  of  importance  in  aseptic  work.  Iodo- 
form is  a  light-yellow,  crystalline  substance,  of  peculiar  odor,  very 
poisonous,  soluble  In  alcohol,  ether,  chloroform,  and  in  some  oils  and 
fats.  It  is  not  soluble  in  water.  Iodoform  is  not  actively  germicidal, 
but  its  application  seems  to  render  the  wound-area  unsuitable  for  the 
propagation  of  the  bacteria  of  infection.  Perhaps  its  action  is  due  to 
the  decomposition  which  takes  place  when  It  comes  in  contact  with  the 
ptomains  and  leukomains  produced  by  bacteria.  lodin  being  eliminated 
renders  the  wound  unfit  for  the  growth  of  bacteria.  Both  the  Strepto- 
coccus pyogenes  albus  and  the  Staphylococcus  pyogenes  albus  have 
been  often  found  to  flourish  in  Iodoform  powder  when  it  is  not  in  con- 
tact with  living  tissues ;  therefore,  before  its  use,  it  should  be  rendered 
sterile  by  a  soaking  in  i  to  1000  bichlorid-of- mercury  solution  for  at 
least  five  minutes.     Iodoform  is  applied  to  foul  septic  wounds  either  as 
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a  powder  nr  in  the  form  cif  itulofdrm  }j;uizc,  ami  crrlain  mixtures  con- 
taining iodofonii  are  niiulc  ust-  of  for  injecliun  into  tubercular  and  other 
lesions.  Iodoform  in  any  form  should  not  be  apphed  to  an  aseptic 
wound.  When  used  as  an  injection,  mixed  cither  with  glycerin,  X'asclin, 
or  ether,  the  preparation  should  always  be  carefully  steriUzed.  The 
preparation  of  iodoform  gauze  is  described  with  other  dressings.  The 
disagreeable  odor  of  ihe  powder  can  be  mitigated  by  mixing  with 
it  burned  cofTec  powder,  or  some  amnialic  oil.  On  account  of  its 
odor,  iodoform  has  been  supplanted  to  .some  extent  by  drugs  of  the 
same  general  character,  but  with  a  less  disagreeable  smell,  of  which  the 
following  arc  the  more  important:  Dermatol,  iodol,  aristol,  salol,  soz- 
iodol.  sulpliaminol. 

Dermatol  and  aristol  arc  the  best  of  these,  and  arc  useful  sometimes 
for  application  to  simple  excoriated  surfaces. 

Iodoform  is  cai>able  of  producing  active  local  and  constitutional  poi- 
sonous eflccts.  Locally,  it  sometimes  gives  rise  to  a  violent  dermatitis, 
requiring  its  immediate  disuse. 

Schcde  describes  the  constitutional  poisonous  effects  as  follows : 

1.  High  fever. 

2.  Fever  with  gastro-intestinal  irritation,  rapid  pulse,  and  depres- 

sion of  spirits. 

3.  Very  rapid  compressible  pulse  without  fever.     This  is  a  dan- 

gerous form. 

4.  Very  rapid  pulse  and  very  high  fever. 
S-  Great  depression,  collapse,  early  death. 

6.  Cerebral  symptoms  somewhat  resembling  those  indicating  men- 
ingitis. 

In  most  cases  suffering  from  iodoform  poisoning,  iodin  may  be  de- 
tected in  the  urine  by  adding  a  small  quantity  of  commercial  nitric  acid 
and  a  little  chloroform.  Upon  shaking  the  mixture,  the  chloroform 
will  acquire  a  purple  color,  due  to  the  free  iodin  which  is  liberated,  and 
will  settle  as  a  purple  layer  at  the  bottom  of  the  vessel. 

Other  powders,  such  as  boric  acid,  caiomel,  europhen,  oxid  of  zinc, 
lycopodium.  subnltrate  and  subiodid  of  bismuth  and  naphthalin,  are. 
occasionally  used,  but  have  no  real  value  in  the  treatment  of  wounds. 
Oils  and  ointments,  whether  they  contain  antiseptics  or  not,  should  be 
thoroughly  sterilized  before  use,  otherwi.se  they  furnish  an  excellent 
medium  for  tl»e  growth  of  bacteria.  |-'att>'  materials,  in  general,  pro- 
tect bacteria  from  the  destructive  action  of  chemical  antiseptics.  They 
are  certainly  of  value  as  soothing  applications  to  some  inflamed  sur- 
faces, and  by  softening  render  the  removal  of  dry  scales  and  masses 
of  epithelium  more  easily  accomplished. 

Sterilization  of  Water. — VVater  may  be  rendered  free  from  germ- 
life  by  the  addition  of  chemicals,  such  as  carbolic  acid,  bichlorid  of 
mercury,  etc..  but  for  application  to  wound-surfaces  the  chemicals  used 
in  sterilizing  water  are  undesirable.  VVater  may  be  rendered  perfectly 
free  from  bacterial  life  by  boiling.  IHven  when  boiled,  however,  dirty 
water,  although  in  this  manner  completely  .sterilized,  contains  foreign 
material,  which  is  not  desirable  for  wounds.  Water  should  therefore, 
previous  to  its  final  preparation,  be  either  distilled  or  filtered.  It  may 
then  be  sterilized  by  boiling  for  half  an  hour  or  even  a  much  shorter 
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time.  With  a  sterilized  dipper  it  may  then  be  transferred  to  properly 
prepared  pitchers  or  bowls.  When  handled  in  this  manner,  however, 
water  of  an  absolutely  perfect  quality  cannot  be  furnished ;  for  its  ex- 
posure to  the  air,  in  transferring  it  from  one  vessel  to  another,  and  the 
use  of  different  utensils  in  the  same  process,  necessarily  expose  it  to 
the  entrance  of  some  bacilli.  To  be  rendered  absolutely  sterile  and  to 
remain  in  that  condition  until  brought  to  the  operating  table,  water 
must  be  prepared  as  follows : 

Glass  flasks,  which  have  beeiiperfectly  cleansed,  are  to  be  filled  nearly  to  the  tap  with 
pure  Altered  or  distilled  water.  The  flasks  are  to  be  plugged  with  cotton,  over  which  a 
piece  of  gauze  should  be  tied  to  prevent  displacement  of  the  cotton  and  contamination  of 
the  edge  of  the  flask-mouth.  The  flasks  are  then  to  be  subjected  to  steam-stetiliatioD 
under  pressure,  exactly  as  dressings  are,  and  should  remain  in  the  sterilizer  for  at  least  one- 
half  hour.  This  process  should  be  repeated  two  days  in  succession,  in  order  that  spom 
which  may  have  survived  the  flrst  boiling  may  be  destroyed  by  the  second.  Water  prepared 
in  this  manner  may  be  kept  unchanged  for  an  indefinite  length  of  time,  if  the  plug  of  oonon 
is  not  removed  from  the  mouth  of  the  flask.  It  seems  impossible  to  provide  a  water- sterilis- 
ing apparatus  from  which  water  may  be  drawn  through  a  Up  in  an  absolutely  pnfect  con- 
dition, for  the  tap  itself  is  constantly  exposed  not  only  to  the  atmosphere  but  to  contact  with 
hands  and  other  objects.  Still  less  easy  is  it  to  arrange  that  boiled  and  sterile  water  may  be 
led  from  a  reservoir  through  pipings  to  different  parts  of  a  building  and  delivered  at  any 
desired  point  in  a  sterile  condition,  the  difficulty  being  that  the  pipes  through  whidi  the 
water  is  led  cannot  be  kept  absolutely  free  from  germ-life ;  for  spores  which  hare  escaped 
destruction  in  the  first  boiling  are  liable,  before  water  is  again  drained  at  the  end  of  the 
pipe,  to  develop  more  or  less  actively  in  the  pipe  itself. 

Water,  however,  drawn  from  any  hot-water  boiler  is  sterile,  and 
may  be  freely  used  in  surgery,  provided  only  that  the  pipe  through 
which  it  is  drawn  is  frequently  flushed  out  with  boiling  water  just  be- 
fore the  supply  is  called  for.  Hospital  operating  rooms  should  there- 
fore have  c!o.se  by  them  a  boiler,  in  which  filtered  water  may  be  freshly 
boiled  every  day.  The  delivery  pipe  should  be  short  and  well  pro- 
tected. Before  using  this  water,  the  dclivcr>'  pipe  should  be  cleansed 
by  drawing  off  a  number  of  gallons  of  water. 

Ligatures  and  Suttires. — Ligatures  and  sutures  are  made  from 
catgut,  kangaroo-tendon,  silk,  silkworm-gut,  horse-hair,  and  silver 
wire. 

Catgut  approaches  most  nearly  to  the  ideal  suture  and  ligature. 
Nevertheless,  it  has  been  much  criticised,  chiefly  on  account  of  the 
great  care  required  in  its  sterilization,  and  for  this  reason  some  sur- 
geons have  nearly  dispensed  with  its  use. 

Silk  is  more  easily  prepared,  but  its  disadvantages,  as  occasionally 
shown,  far  outweigh  the  care  necessary  in  thoroughly  preparing  catgut 
Theoretically,  silk,  when  used  for  buried  sutures  and  ligatures,  becomes 
encapsulcd  in  the  tissues,  and  remains  there  without  creating  any  sub- 
.sequent  disorder.  It  is,  of  course,  in  this  condition  a  permanent  foreign 
body,  and  if  the  wound  in  which  it  is  used  could  be  ideally  aseptic — 
that  is,  absolutely  free  from  bacteria  of  any  kind,  and  if  the  patient 
could  forever  remain  absolutely  aseptic,  buried  silk  sutures  and  liga- 
tures would  never  give  rise  to  disturbance  in  the  tissues.  Practically, 
however,  such  foreign  bodies  not  infrequently,  at  periods  quite  distant 
from  the  time  of  their  application,  invite  local  bacterial  disturban^s 
resulting  in  abscesses  or  obstinate  sinuses. 

Catfcut  which  has  been  thoroughly  prepared  and   applied  in  an 
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aseptic  wound  and  according  to  perfect  aseptic  technic  is  soon  absorbed, 
and  rarely,  if  ever,  causes  wound-disturbance.  It  has  been  claimed  by 
many  writers  that  catgut  may  be  absorbed  before  its  purpose  has  been 
fulfilled,  and  for  this  reason  the  use  of  a  non-absorbablc  suture  has 
been  recommended.  It  should  be  remembered,  however,  that  the 
surgeon  uses  sutures  in  the  deeper  parts  of  a  wound  only  as  a  tempo- 
rary means  of  approximation,  and  that  he  really  depends  for  permanent 
union  on  the  growing  together  of  tlic  parts  thus  temporarily  approxi- 
mated. Such  union  of  parts  that  have  been  drawn  together  takes 
place,  if  at  all.  within  the  period  of  life  of  the  catgut;  for  wliilc  the 
smallest  sizes  of  catgut  are  absorbed  at  the  end  of  four  or  five  days, 
l.irj^er  sizes  may  be  used,  which,  when  properly  prepared,  last  from  ten 
days  to  three  weeks.  If  positive  union  has  not  occurred  within  such  a 
period,  n  on -absorbable  sutures,  which  continue  to  exert  tension,  or 
which  are  obliged  to  resist  continued  tension,  must  soon  fail  in  their 
purpose,  for  all  living  tissues  subjected  to  the  pressure  accompanying^ 
the  long-continued  tension  of  a  suture  yield  by  pressure-necrosis  and 
absorption.  As  a  buried  suture,  nothing  can  equal  catgut,  which  per- 
forms its  function  for  a  sufficiently  long  time  and  then  completely  dis- 
appears. If,  during  the  early  process  of  union  between  the  deep  parts 
of  a  wound,  additional  support  is  required,  it  may  be  readily  given  by 
means  of  non-absorb;Lblc  sutures,  such  as  silk,  or  silver  wire,  or  horse- 
hair, which  should  in  all  cases  emerge  through  the  skin,  in  order  that 
they  may  be  readily  removed  when  their  object  has  been  accomplished. 
It  is  probable  that  when  wound-dtsturbances,  such  as  skin-abscess, 
have  followed  tlic  application  of  catgut  which  has  been  projierly  pre- 
pared, the  catgut  had  become  infected  by  handling.  No  surer  means 
of  infecting  catgut  could  be  found  than  rolh'ng  it  between  I  he  finger 
and  thumb  of  a  naked  hand  while  threading  a  needle.  Kven  where  it 
is  desired  to  hold  bone -fragments  together,  as  in  cases  of  fracture  of 
the  patella  or  resection  of  the  knee -joint,  heavy  catgut  answers  every 
piir[msi'.  In  such  ciises  the  suture  is  tinty  a  temporarj'  support,  and  is 
valuable  only  up  to  the  complete  application  of  the  dry  fixation-dress- 
ing In  these  bone-cases,  absorbability  of  the  ajiproxlmating  suture  is 
a  most  desirable  quality.  For  ligatures  and  all  buried  sutures  catgut 
is  certainly  to  be  highly  recommended.  With  this  opinion,  how- 
ever, many  prominent  surgeons  do  not  agree,  much  preferring,  in  all 
instances,  the  use  of  silk.  Kor  the  skiH-siiture,  which  is  not  buried,  silk 
ha.s  superior  qualities.  Fine  silk  is  stronger  than  catgut  of  a  similar 
size.  It  is  more  pliant  and  leaves  a  neater  sulure-Iine,  .since  it  docs 
not  swell,  as  catgut  tloes,  through  absorption  of  moisture  from  the 
tissues.  The  final  healing,  therefore,  of  the  skin-wound  has  a  better 
apt>carance  after  the  use  of  silk  than  after  the  use  of  catgut.  Catgut 
may  be  procured  in  skeins  about  thirty  yards  long,  numbered  accord- 
ing to  the  size.  Double  zero  is  the  smallest,  and  this  is  suitable  for 
very  fine  sutures  and  ligatures.  Single  zero  and  No.  i  are  the  next 
two  sizes,  and  these  are  sufficiently  strring  for  small  vessels  and  perito« 
ncal  sutures  and  for  other  cases  where  only  very  tem|iorary  appo.sition 
is  required.  No.  2  forms  a  firm,  .strong  suture.  Nos.  3  and  4  are  really 
heavy  and  powerful,  and  arc  used  in  t>'ing  large  pedicles  and  in  bone- 
work.     When  the  tissues  to  which  catgut  is  applied  arc  exceedingly 
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delicate,  such  as  omental  masses,  intestinal  surfaces,  walls  of  vessels, 
etc.,  the  suture  should  be  softened  by  immersion  for  a  few  seconds  or  a 
half-niinutc  in  sterilized  water  or  in  sterilized  salt  solution.  If  this  is 
not  done,  stiff  and  wiry  catgut  may  cut  directly  through  the  tissues 
which  the  surgeon  desires  merely  to  compre'is.  Probably  some  intra- 
peritoneal hemorrhages  occurring  after  operation  have  been  due  to 
neglect  of  this  precaution. 

Sterilization  of  Catgut. — Three  different  methods  for  the  sterilizatioa 
of  catgut  are  here  given.  :uid  they  have  all  proved  to  be  satis  fact  orj-. 

The  cumoi  methoti  is  theoretically  the  best,  a-s  it  is  simple  and  inex- 
pensive, ajid  bacteriological  experiments,  as  well  as  its  indirect  applica- 
tion, have  shown  that  it  produces  complete  sterilitj-.  The  temperature 
of  the  fluid  during  the  preparation  of  catgut  by  this  method  requires 
careful  watching.  The  modiiied  form  of  the  method,  which  is  here 
given,  was  first  employed  at  the  Johns  Hopkins  Hospital,  and  is  tlius 
described  in  an  article  by  Drs.  Clark  and  Miller  of  that  institution : 

Ctunol  is  an  inflanimnble  bui  non  explosive  hydrocarbon,  wiUi  n  l>oiIii)f[  [mini  of  aboui 
170"  C.  \^'1i«n  the  cumol  fluid  \*  bmughl  tn  a  (rmprniture  juM  ihorl  of  il«  hoiling  puinl. 
nil  apoivs  introduced  intu  ii  arc  deMroynl,  aa  a  hi|;iier  lenipeniliire  x%  reachnl  iban  whm 
alcohol  i«  madr  ii^c  of,  niirl  there  \s  no  waxteof  cumnl,  bi  the  fluid  i$  kepi  below  its  boiling 
puitil.  Tlie  CAlijitl  i»  rolled  upu'ii  (;la»  nxKilv  and  thcw  «r«  pul  into  u  ({Um  beaket.  'Hw 
beaker  ^l[lIl<^*  in  a  Mind-baih  hrnle^l  wiib  ■  Biin.teii  hunter.  A  Injer  «f  roiton  iihmild  Se 
placed  al  die  bottdin  uf  Lhc  hieftker,  un  which  the  catgut  may  mt.  The  lop  •>!  the  beaker 
K  lo  be  covered  with  a  piece  uf  cdrtllMiarH.  Tbningh  a  hnle  in  lhc  center  nl  (he  rardboard 
a  thermometer  iMSsev  Heat  i»  now  applied  lo  the  sand-bath,  and  the  Irnipcrature  ol*  ibc 
catgut  sluwty  nii»cct  to  %a"  C.  In  this  tnaDncr  all  iii<ii«lurc  '%%  driven  0111  uf  the  cattjut.  llib 
degree  of  heat  ■<>  nuinTflined  for  one  hour.  Cnmo]  al  fl  temperature  of  loo"  C.  is  uom 
added  lo  the  bciaker,  completely  covering  the  calffut.  The  tempemlurc  \*  thca  increaMd 
lo  165°  C.,  and  krpi  at  chat  gxtinC  for  one  hour.  The  fluid  ii  now  pniired  oAT,  and  (he 
calgul  is  all<iwe<)  to  drv  in  Ihe  beaker  uji  ihe  uiid-balh  at  a  temperalure  of  ioo°  C.  for  two 
hourt.  Il  i«  then  to  W  transferred  to  »terile  )or«  or  tetl-ltiben  until  needed,  or  il  ntay  he 
preserved  in  »lerilc  ulculiol. 

The  al^oM  metht\i  i*  applied  ns  fnUow!' :  The  nlcohol  mu^l  he  bulled  under  prrswr«  at 
its  mirmal  Ijtuling  itoiiil.  which  it  cunudctabl}'  below  100"  C.  Thi»  i»  ea»il)f  done:,  hut  the 
apparatus  must  be  made  very  accurately  and  is  expensive.  It  consisL"  of  a  henry  mrtallic 
cylinder  or  jar.  the  top  fitting  "er^'  perfectly  and  held  in  place  bj'  a  bar.  which  admits  of  iLe 
lop  being  lirmLv  held  in  position  by  a  powerful  screw.  The  Jat  is  partly  filled  wilh  ab«)luie 
alcohol,  in  whirh  the  catgut  in  nkein*  ^r  on  *pixiU  is  immeru^d  The  lop  of  the  jar  11  to  be 
firmly  screwed  down  and  the  entire  cylinder  buried  in  boiUn);  water  for  one  hour. 

A  fiiiJ  mfth<iJ  il  simple  and  require.i  nn  expen-sive  npjKimttit,  hut  the  time  of  prcp*i«- 
tiuTt  etiendi  over  a  period  of  \evera1  wcek».  Glass  spools  with  (he  catgut  wound  upon  thm 
are  placed  in  a  jnr  of  t>eniin  fi:r  fuur  dnys  ihen  in  a  jar  of  ellier  for  two  weck&  They  are 
next  soaked  in  oil  of  juniper  for  two  weeks,  in  otder  that  all  anininl  fats  may  b«  removed. 
'ITie  spools  of  cnlgtil  are  |)axted  nest  to  a  glaw  jar  (.-ontuining  absolute  alcohol  and  provided 
wilh  a  -Kiew  top  This  is  inil  in  a  wnler-halh,  dtkI  the  water  allnwed  to  hoil  fi^r  a  balf-hiNir. 
Uuriiig  the  boiling  the  rcrcw  (op  'm.  only  liglilly  held  in  place.  After  the  lerTninaUon  of  the 
h^iiling  the  top  of  the  jar  is  screwed  driwn  ttghtly  and  the  jar  removed  from  the  bath.  C*n 
Ihe  (ijltowin);;  day  (he  lid  ^^hould  be  l<H>.<^iir(l  ami  the  boiling  f»r  a  liolf-hour  rr|>cntcd,  and 
ogain  a  limilnr  process  i«  gone  through  with  on  the  third  day.  During  the  three  boiliiqp 
it  will  probably  be  found  nece^Mir)-  to  add  some  rre»h  nlcohol  to  coinpen«Mte  for  Ihu  loM  ^ 
evaporation.  After  the  thini  boiling,  ihe  lid  having  tieen  lifinLy  screwed  down,  the  catprl 
is  ready  for  use  or  for  continued  prpurrvaiion 

The  suturt  jar  is  a  square  glass  box  having  a  glasa  rod  running  horiionlally  down  the 
middle,  which  screes  as  an  axle  on  which  ihr  spools  of  calgui  are  ihreoded.  Before  placing 
Ihe  H[H>iils  in  llie  lulurr  jar,  (he  latter  ts  sterilized  by  boiling,  and  is  then  filled  with  alenle 
absolute  alcohol.  The  calgul  may  lie  rcrk*d  off  ihe  h|)»oU  bk  required  Ouring  an  opera- 
(Jon,  >ulunM>  and  ligudircs  are  cut  with  a  pair  of  scissors  set  aside  For  that  sole  ptir]x>se.  and 
the  cut  pieces  are  kept  in  n  wparntc  di^h,  No  inMmment  which  i^  bring  uwd  in  an  opera- 
tion, no  matter  hnw  clean  lhc  case  may  be,  should  be  employed  to  cut  the  catgut  fni«n  the 
Spools  or  allowed  to  enicr  the  jar.  If  thei^e  direcliun*  are  desirable,  bow  much  more  in- 
pOTUnt  it  it  that  the  sutum  aod  ligatures  should  not  he  handled  with  naked  Angen !     The 
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saluiT'jar  bu  a  cloiie-fitiinf;  ([lass  covtr,  and  Lhc  sponN  may  be  allowed  to  remain  in  thr  jar 
fnxn  day  to  daj*  nntil  tiwii. 


Chromlclzed  Catgut  and  Kanjraroo-tendon.  —  Next  to  catgut, 
prepared  as  already  ilcscribcd,  the  most  popular  soluble  suture- 
iiiatcrial-s  are  chromicized  catgut  and  chromicized  kang^aroo-tendon. 
It  is  true  that,  after  they  have  been  submitted  to  a  bath  of  chromic- 
Hd  solution,  catgut  and  kangaroo-tendon  arc  far  less  readily  absorbable, 
lis  form  of  suture-material  is  capable  of  lasting  from  four  to  six 
weeks.  The  method  of  preparing  chromicized  catgut  and  kangaroo- 
tendon  is  as  follows: 

The  suture-material,  after  hanng  been  freed  from  fat,  by  being 
washed  in  ether,  is  treated  to  a  batit  of  a  4  per  cent,  aqueous  solution 
of  chromic  acid.  After  remaining  in  this  bath  for  twenty-four  hours, 
it  should  be  dried  in  a  hot-air  oven. 

The  rest  of  the  process  is  the  same  as  already  described  under  the 
head  of  the  Cumol  Method. 

5ilk. — Silk  thread  of  any  reliable  make  is  suitable  for  sutures. 
Black  i-s  the  preferable  color,  as  it  is  most  readily  seen.  All  sizes, 
from  that  which  is  exceedingly  fine  to  that  which  is  xery  heavy  and 
powerful,  can  be  obtained.  After  winding  on  glass  bobbins  or  spools, 
silk  should  be  boiled  for  a  half-hour  in  a  l  per  cent,  sodium-carbonate 
solution,  when  it  will  be  rciidy  for  use.  Or  this  method  may  be 
adopted:  The  bobbins  of  silk  may  be  put  in  a  glass  ignition-  or  test- 
tube,  the  entl  of  the  tube  being  plugged  with  cotton.  The  tube  is 
then  to  be  submitted  to  ten  pounds'  pressure  in  a  steam  sterilizer  for  a 
half-hour,  and  the  process  repeated  on  the  following  day.  The  test- 
tubes  are  kept  plugged  till  the  suture  is  needed. 

The  objection  to  the  simple  boiling  process  i.s  that  it  diminishes  the 
strength  of  the  silk,  whereas  sterilization  by  steam  under  pressure  has 
not  Uie  same  disadvantage. 

51  Ik  worm -gut. — Silkwonn-gut  is  purchased  in  bundles  of  twenty 
or  thirty  strands,  which  are  about  twelve  inches  long.  The  strands 
should  be  placed  in  glass  lubes  and  submitted  to  steam  sterilization. 
Silkworm-gut  may  also  be  boiled  in  plain  water  for  a  half-hour.  A 
soda  solution  should  not  be  u.sed.  as  it  renders  the  gut  soft  and 
swollen  and  impairs  its  strength.  Silkworm-gut  is  largely  used,  as  it 
is  much  stronger  than  catgut,  but  it  is  much  less  pliable  and  is  not 
absorbable.  It  ntakcs  an  excellent  suture  for  skin,  as  it  is  smooth 
and  homogeneous,  not  absorbing  serum  as  silk  does,  nor  entan- 
gling bacteria.  It  possesses  some  of  the  good  properties  of  silver 
wire. 

Horsehair.—- Horsehair  makes  an  excellent  suture,  and  the  finer 
grades  leave  a  very  neat  scar.  The  hairs  arc  cut  into  foot  lengths,  well 
washed  with  soap  and  hot  water  and  then  rinsed  in  alcohol. 

This  material  is  sterilized  by  steam  under  pressure. 

Silver  Wire. — Silver  wire  has  its  chief  v;duc  as  a  heavy  retention- 
suture.  Usually  sterling  wire,  of  about  No.  20  stand.ird  gauge,  is  used. 
U  is  to  be  prepared,  after  a  thorough  scrubbing  in  soap  and  water,  by 
being  boiled,  as  the  instruments  arc,  in  a  1  per  cent,  sodium -carbon- 
ate solution  fur  a  half-hour,  or  it  may  be  heated  in  an  alcohol  flame. 
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The  latter  method  offers  the  advantage  that  it  anneals  the  metal,  and 
thus  renders  it  less  liable  to  break  when  twisted. 

Spong^es  and  Pads.  —  Sea-sponges  are  more  expensive  and 
troublesome  in  preparation  than  any  of  the  substitutes  as  an  absorb- 
ent of  fluids.  For  ordinary  use  in  removing  blood  from  the  field  of 
operation,  the  small  globular  hand-sponge,  about  two  inches  in  diame- 
ter, is  suitable.  Sponge  has  great  absorbing  power,  and  its  elasticity 
renders  it  capable  of  rapidly  taking  up  a  large  amount  of  blood.  It 
is  also  valuable  in  forming  a  dam  or  wall  to  prevent  the  excursion  of 
septic  material  or  other  fluid  into  adjacent  portions  of  the  peritoneal 
cavity  during  operations  involving  the  abdomen.  As  it  instantane- 
ously absorbs  and  collects  fluid  which  touches  it,  no  fluid  can  pass 
it  until  the  sponge  has  become  saturated.  As  a  substitute  for  the  sea- 
sponge  most  surgeons  use  gauze  and  cotton  mops.  Such  a  mop 
is  made  with  a  six-inch  square  piece  of  gauze,  in  the  center  of  which 
is  placed  a  ball  of  absorbent  cotton  two  inches  in  diameter.  The 
gauze  is  gathered  up  about  the  ball  of  cotton  and  tied  like  a  sack 
with  a  piece  of  string.  Mops  are  less  expensive  and  easier  to  sterilize 
than  sponges,  and  some  consider  that  their  sterilization  can  be  made 
more  perfect.  They  have  the  disadvantage,  however,  that  they  do  not 
absorb  nearly  as  rapidly.  As  pads  to  keep  intestinal  coils  from  invad- 
ing the  field  of  operation,  large  flat  sea-sponges,  called  by  sui^eons 
laparotomy-sponges,  are  the  most  convenient.  An  economical  and 
very  efficient  substitute  is  a  flat  gauze  pad.  These  pads  are  six  inches 
square,  and  consist  of  four  or  five  layers  of  gauze  stitched  together,  at 
one  corner  of  which  a  loop  of  tape  is  sewed.  After  the  pad  is  put  in 
place  in  the  abdomen,  a  clamp  is  put  on  the  loop,  which  prevents  the 
pad  from  being  forgotten,  and  so  unconsciously  left  behind.  Mops  and 
pads  are  sterilized  like  dressings,  and  should  be  invariably  destroyed 
after  use.  It  is  true  that  sponges  may  be  resterilized,  but  the  safer 
method  is  invariably  to  make  use  of  a  fresh  set  at  each  operation. 

Sea-sponges  are  prepared  as  follows  :  They  are  first  beaten  with  a  wooden  mallet  to  get 
rid  of  shelU,  sand,  etc.,  and  are  then  soaked  in  a  solution  of  hydrochloric  acid,  I  164,  for 
twelve  hours.  Lime  deposits  are  thus  destroyed,  and  the  sponges  partially  bleached. 
Tbey  are  then  to  be  washed  in  warm  water,  the  water  being  changed  frequently,  nntil  it 
is  no  longer  clouded  by  the  washing.  They  are  then  soaked  for  fifteen  minules  in  a  satu- 
rated ralution  of  permanganate  of  potash,  squeezed,  and  placed  in  a  warm  saturated  solu- 
tion of  oxalic  acid  ;  there  they  are  allowed  to  remain  until  every  trace  of  the  color  of  per- 
manganate has  disappeared.  Usually  this  object  will  be  accomplished  in  one  half-bour. 
A  thorough  rinsing  in  sterile  water  should  follow,  the  hands  being  covered  by  sterile  rubber 
gloves.  The  sponges  are  then  put  in  a  solution  of  i :  1000  bichlorid  of  mercury,  and  kept 
there  for  twcniy-rour  hours,  from  which  solution  they  should  be  removed,  squeeted,  and 
prescn-ed  in  sterile  jars  containing  1 :  20  carbolic-acid  solution.  At  the  time  of  opeimtion 
a  sufficient  number  of  sponges  are  to  be  removed  from  the  jars,  squeeied  out,  and  pat  in  a 
bowl  of  normal  salt  solution.  P'rom  this  buwl  they  are  handed  to  the  surgeon  as  they  are 
required.  When  saturated  with  blood,  they  arc  handed  back  to  the  nurse,  who  rinses  them 
out  in  another  bowl  of  normal  salt  solution,  when  they  may  be  again  used  as  before. 

Dressings. — The  Hst  of  materials  which  have  been  used  with  the 
special  object  in  view  of  absorbing  wound-discharges  is  a  very  long 
one,  almost  every  inexpensive  absorbent  material  having  been  applied 
by  one  surgeon  or  another,  either  as  an  immediate  dressing  to  the 
wound  or  as  an  enveloping  cushion  or  pad.  Oakum,  jute,  peat,  wood- 
wool, moss,  even  earth,  have  all  been  used  as  an  absorbent  dressing. 
At  present,  wound-dressings  are  represented  almost  universally  by  two 
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materials — chccsc-cloth.  or  what  is  commonly  called  "  gauze,"  and 
absorbent  cotton.  These  alsti  were  at  one  time  applied  after  having 
been  saturated  with  various  anti^ptics,  such  as  bichlorid  of  mercury, 
carbolic  add,  salicylic  acid,  boric  acid,  etc 

In  aseptic  surgery  the  present  practice  is  to  apply  such  sterilized 
dressings  as  are  suitable  completely  to  protect  the  wound  from  trau- 
matism and  readily  and  completely  to  absorb  such  discliarges  as  occur, 
recognizing  the  fact  that  as  soon  as  the  dressings  have  become  par- 
tially saturated  they  should  be  entirely  rcmo\'ed  and  replaced  with 
fresh  sterilized  material.  Practically,  wc  find  that  discharges  absorbed 
into  sterilized  dressings  do  not  become  contaminated  through  the  air 
unless  the  dressings  have  been  left  so  long  in  place  that  they  have 
become  completely  saturated  and  the  absorbed  fluids  freely  exposed 
to  outside  influences.  As  soon  as  a  wound-dressing  has  become  satu- 
rated, or  so  clogged  with  wound-discharge  that  it  has  lost  its  original 
character  of  an  absorbent,  discbarges  are  retained  in  the  wound,  and 
so  produce  all  the  evil  cITects  of  septic  or  aseptic  fluids  under  tension. 

Chemical  materials  in  the  substance  of  the  dressings  do  not  favor 
the  absorbing  qualities  of  the  dressing,  and  do  not  counteract  the  evil 
effect  of  fluids  retained  under  tension.  It  is,  however,  a  clinical  fact 
that  when  iodoform  gauze  is  used  as  a  packing,  or  for  drainage  in  sep- 
tic wounds,  putrefactive  changes  in  the  discharges  take  place  less  read- 
ily than  when  simple  aseptic  gauze  is  employed.  Confidence  in  this 
preserving  quality  of  iodoform  gauze  is  far  le.ss  complete  now  than  it 
was  a  few  years  ago,  and  surgeons  are  much  more  frequently  making 
use  of  plain  sterilized  gauze  for  wound-dressings  and  for  drainage,  even 
when  discharges  are  thoroughly  septic. 

The  commercial  term  for  gauze  is  cheese-cloth,  which  can  be  con- 
veniently cut  into  pieces  one  yard  square,  and  folded  or  rolled  up.  as 
may  be  most  convenient. 

IfHtofom  (UIZO  in  prcfMml  by  tfipfiing  plain  gauxr  in  the  roltowiti{>  mixlarc  i  A  ban- 
pound  ol  iodofonn  powder  is  mixfd  with  4  ounce*  iif  glycerin.  Two  lilers  of  ihlck  >oBp 
tud<)  anJ  (he  mixture  of  iodoronn  and  glycerin  Are  llicn  ittirred  together.  To  this  mixture 
■re  .iilded  Iwo  liters  of  carbolic -acid  ^ution  of  ihe  sir«^nKih  of  1  m  20.  Thi>  i]iiiitiiily  thiM 
prcpard  ■«  »u(Iictenl  to  impregnate  y>  yard*  of  gnu/c.  PUm  iodi>r<inii  gauic  riwy  nlm)  he 
prepared  in  a  simple  nunuer  bjr  ruhbniK  pure  iudofonn  powder  into  the  meshes  of  ordinary 
cb<«e  cloth,  which  should,  of  ci>Hrv,  be  previously  stcriliicd.  Ordinary  absorbent  cotton 
in  CHI  fur  iiinvf^tiiciit e  iiilii  -iticrl^  ui  M[U4ren  iif  vanous  Irnglhs  and  sisr«. 

The  Sterilization  of  Dressing. — C^azc  and  cottnn,  hat-ing  been  cut  and  nmde  up 
into  sepanite  bundle*,  ate  wiap^x.'il  up,  Lurcfully  |Mniicd  in  t<>weU.  and  placed  in  a  Merilljier. 
At  Uie  Roovrvcit  liospiinl  the  Mehlufcrs  arc  prondcd  witli  metal  boxes  which  ml  on 
>lul*n-  The»e  tioKc»  are  ubuut  one  fiK>l  K|uarc  and  four  inctio  deep.  The  hd  i»  di-lBi:h- 
able.  One  end  of  the  l>ox  ha*,  a  aeries  ol  optiningt  amneed  like  trie  ipoku  of  a  wheel. 
On  ibc  outfide  of  the  opening*  is  pUced  a  didt  revoIvlnK  on  a  centril  pivot.  The  djilt  b 
alMi  pnivided  with  openings  wblcb  correspond  with  those  in  the  end  of  tlie  boR.  A  free 
■dmimon  of  hot  air  or  Meam  into  the  intertor  of  the  bov  thun  takes  place.  If  the  diitk  i> 
given  a  partial  revolution,  the  openings  no  kitigcr  coincide,  and  the  cavity  of  the  boa  Is 
eNfludn)  fmtn  cnmtnunicaijon  with  the  nuldde  air.  The  lid  of  the  boi  is  »o  arranged  thai, 
when  the  disk  is  open,  the  lid  is  slightly  raised.  »o  that  a  *ery  free  citeulation  of  sieain  is 
prrmiiiral.  When  thr:  diik  is  closed,  the  covet  ia\\*  inio  place  and  is  locked  down  by  the 
Mme  action. 

The  l)oi  having  been  lineil  with  a  towel,  the  dTr«-«itigik  iiivHrd,  nnd  the  tid  rqilacrd 
»i(h  the  di»k  open,  it  i»  p«t  into  the  stcriliicr,  and  the  contents  wititnitted  to  ten  |iound>' 
preuure  of  lire  ftcain  fur  half  an  hour.  The  Fleam  ik  then  iJiul  olT  fruin  the  Ktcritiier  and 
allowed  to  play  without  pressure  in  the  jacket  for  half  an  hour  to  dry  ihc  dressings.  The 
Bteriliiing  procoa  ia  repeated  od  the  following  day.     When  the  dreMmga  are  to  be  muoradf 
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ibe  •lerillzer  b  o|>enRiI,  aniL,  un  mvli  Ih>k  x*.  Uk<rn  out,  the  di<ik  i-s  tunicd  ia  a>  lo 
the  opeoin|[f  «s  above  mcmionixl,  thi«  iictlun  clotin^  tIic  lid  liimly  and  locking  it.  Im)» 
form  gftuze  l»  sleiiliicd  uud  kepi  br>l  in  llie  fullnumg  matLner :  Stri[>!i  of  thth  niAlrrial,  of  4 
convenient  width  and  Icngih,  arc  pur  into  Klaus  ignition- tubes  the  mouUis  tA  which  uv 
plugged  with  cution.  Thvic  lubc)^  uic  iJiapnl  like  test  Cube^,  about  ^is  inchri  long  and  ' 
inch  in  diameter,  and  are  made  of  heavy  glau. 

A  number  of  these  tubes,  firmly  packed  with  iodoform  ^uze  an€ 
pSut^gcd  with  cotton,  arc  put  in  a  wire  basket  which  fits  the  sterilizer. 
and  arc  then  submitted  to  steam  sterilization  as  already  described 
Towellings  and  other  loose  niatcrials  arc  packed  into  a  large  cylindrical 
basket  of  wire  which  fits  the  sterilizer  and  is  capable  of  holding  a  lar^e 
amount  of  material. 

K.ir  tran«pt>rliition  abonl  a  hospiul,  the  boxes  Hich  a>  dnchbcd  are  tuffkicnt      In  pn 
vale  practice,  a  coiivenieiu  txrrier  for  sterile  and  todofbrm  gauie  is  a  laree  gl>u  lulic,  a 

fwt  long  and  about  3  indict  in  diam- 
J—  ^^^  cler.     T  he  mouih  of  this  tube  <ihniild 

(^^  /^j    be  somcwliat  contracicd,  io  order  that. 

j)v<^   tP^^^^^t^P^^^  After  it  liiK  been  packed  with  ganxe,  n 

*   "*   ^  a^  -     *'i»  jjmy  Ijp  «ecurcly  dnM<d  with  a  cotton 

pli]|;.  These  tubes  are  convenirnl  for 
canning  the  vnrioH*  kind*  of  dry  dr«»- 
\a%s  wliiuli  it  '\i  dnired  to  keep  in  a 
sirrile  cutulttion.  1  hr  ruhcAarr  packed 
vrith  »uch  maiciialft  a»  are  miaircd. 
pluKli^tl  **>>b  cotton,  slprilizcd,  and 
not  uijrutHl  until  the  contents  arc  (o 
be  UM'd,  If  iK>  alcam  sieriliser  la  ai 
hand,  plain  gauu  can  be  aafeljr  pre- 
pared by  a  Bioiple  twiling  procesa,  die 
solution  used  being  a  i  per  rent,  solu- 
tion of  cinlinary  washrDg  soda.  The 
gour.c,  b^ng  wm}ipcd  in  a  towel  or  put 
into  a  liu(;,  is  tbuiov^hljr  bailed  br 
iiftrcn  minMlrs.  >\'hcn  rrtnored  froca 
the  boiler,  it  iii  Teadily  diie<l  \i^  I^Virrg 
in  an  MTdiiiiiry  oven.  Absorheni  coi- 
iitn  can  b«  Kierilired  by  being  baked 
in  n  similar  manner  without  prerknu 
boiling.  ]t  ilimild  not  be  forgoUrn  thai, 
when  tJictic  drymalcnals  arc  to  be  *ier 
ilized  in  a  neam  apiuratns,  they  shonid 
be  preriou«ly  warmrd  before  the  alewu 
is  (umnl  on,  a»  cold  dresaingi  produce 
npid  condenatjon  of  «(eain,  and  thu)>  become  unnecessarily  weL 

Preparation  of  Rubber  Goods. — Articles  made  of  hard  rubber 
cannot  be  boiled  without  injury.  Pessaries,  nozzles  of  syringes,  etc., 
should  be  thoroughly  waslicd  in  soap  and  warm  water,  and  then  pre- 
served in  a  I  :  lOtX)  bichlorid -of- mercury  solution.  Soft  rubber  mate- 
rials, such  as  tlraiiiagc-tubes,  bulh-.syrinjjes,  etc.,  arc  to  be  boiled  in 
plain  water  and  then  prescr\'ed  in  the  sublimate  solution.  What  is 
commonly  called  "  rubber  tissue  "  consists  of  very  thin  sheets  of  gutta- 
percha, and  is  used  for  superficial  drainage,  for  covering  skin-grafts  or 
denuded  surfaces,  and  as  a  covering  for  outside  dressings,  lo  keep  them 
moist.  This  material  should  be  thoroughly  washed  in  soap  and  water, 
rinsed  off  in  fresh  water,  and  preserved  in  a  jar  containing  a  i  :  lOOO 
bichlorid  solution.  The  water  which  comes  in  contact  with  gutta- 
percha must  not  be  too  hot.  as  the  material  is  very  delicate,  and  imme- 
diately shrivels  up  under  heat.     Glass  and  rubber  drainage-tubes  should 
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Fig,  57.^ — Ijij-Ke  kIiws  cylindera  in  which  gauK 
is  to  be  pneked  and  sterillied,  the  mouth  being 
plUSged  witli  coltiin.  Gnuie  mn  in  this  way  be 
cnrried   alioui    withuul   danjcer   of  infection. 
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be  washed,  boiled  for  half  an  hour  in  the  t  per  cent,  sodium-carbonate 
solution,  and  preservud  in  jars  filled  with  I  :  lOOO  sublimate  fluid. 

IliBtTaineiits. — Instruincnts,  with  as  few  exceptions  as  possible, 
should  be  of  metal,  and  it  is  desirable  tliat  they  be  simple  in  construc- 
tion and  smooth  on  tlie  surface,  that  they  may  be  easily  washed  and 
rendered  perfectly  clean.  Screw  joints  do  not  meet  this  indication, 
and  when  instruments  are  made  of  two  parts,  such  as  scissors,  the 
members  should  be  joined  by  locks  or  pivots,  which  will  jiermit  them 
til  be  reailily  separated.  Immediately  after  use,  instruments  should  be 
scrubbed  with  a  brush  and  thoroughly  washed  with  soap  and  hot 
water.  They  should  then  be  builcd  before  being  placed  in  the  instru- 
ment case.  Just  before  operations  instruments  should  be  freshly  boiled 
for  fifteen  minutes  in  a  i  ]jer  cent,  solution  of  sodium  carbonate.  Soda 
solution  is  more  serviceable  than  plain  water,  for  the  reason  that,  in 
the  former,  instruments  do  not  rust  and  sterilization  is  more  perfect 
Almost  any  suitable  vessel  may  be  used  as  a  boiler  for  instruments. 
It  is  convenient  to  have  the  boiler  provided  with  a  wire  basket,  in 
which  the  instruments  are  placed. and  wiiich  facilitates  their  removal; 
but  if  wrapijctl  in  towels  or  put  into  a  bag,  instruments  may  be  per- 
fectly well  sterilized  in  any  boiler,  anil  without  apparatus  especially 
designed  for  the  purpose.  Care  must  be  taken  that  during  the  boilin 
process  no  instrument  comes  directly  in  contact  with  the  bottom 
the  boiler.  If  this  accident  happens,  the  instrument  is  liable  to  suffer 
from  too  high  temperature.  From  the  boiler,  instruments  should  be 
transferred,  without  handling,  to  suitable  trays  containing  a  sterile  I 
per  cent.  sod.'i  solution.  As  needles  and  knives  are  injured  by  a  pro- 
longed process  of  boiling,  these  delicate  instruments  should  be  sub- 
jected to  sterilisation  for  only  five  minutes,  a  period  which  is  long 
enough  for  their  complete  sterilization.  Syringes  and  aspirators,  if 
made  entirely  of  glass  or  metal,  may  be  boiled.  If  they  have  leather 
washers  they  should  be  taken  apart,  the  glass  and  metal  portions 
boiled,  and  the  leather  parts  washed  in  soap  and  water  and  then 
rinsed  thoroughly  witii  alcohol.  Tlie  parts  of  these  instruments 
having  been  put  together,  the  whole  apjuratus  is  preserved  in  a 
I  :40  carbolic-acid  solution.  The  aspirator  needles  are  boiled  like 
other  instruments. 

Fnr  Iniupnrutinn  it  i^  cottvenirnt  \n  Have  truMnI  boxes  of  «  siiluble  *itt,  which  can  be 
ncrilizcd.  lired  with  coKon,  nud  tilled  with  in*Irumcnt».  For  small  inKlnuncnls,  «,  convr- 
nicnl  box  b  oiur  ei(;lil  inrlir^  l<»)g.  Tutir  irK-lir«  •k'uIv,  and  tmc  anil  a  half  trtdir^  drq).  The 
co«rr  tx  'yi*\  like  ihe  luwcrpait,  awl  ihe  «dcs  of  ihe  cover  al>aul  tlie  same  dcpUi  us  the 
sides  of  ihe  butioui  part.  The  co%rr.  Iieiiig  t-Iighily  larger,  lelencupw  over  the  lower  por- 
dotL  The  fi<tin|[  should  be  at-curale,  in  order  that  the  l>o«  maj  be  as  nearly  air-tight  ■» 
poMible. 

The  Preparation  of  the  Operator  and  the  Patient. — Fortu- 
nately, most  of  llic  objects  that  cuine  in  direct  contact  with  wounds 
made  by  the  surgeon  can  be  rendered  (>erfectly  sterile,  and  not  only 
sterile,  but  also  non-irritating  to  the  tissues.  There  is  no  difficult)-  in 
having  absolutely  sterile  clothing,  sponges,  towels,  ligatures,  sutures, 
instruments,  and  other  utensils.  If  these  sterile  objects  are  manipu- 
lated uith  a  proper  regard  for  aseptic  technic.  they  ne\'cr  in  themselves 
cause  disturbance  in  healing.     The  real  source  of  infection  of  a  wound 
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deliberately  made  by  a  careful  surgeon  who  uses  perfect  materials  and 
handles  them  perfectly  is  to  be  sought,  with  very  rare  exceptions, 
either  in  the  skin  of  the  patient  or  in  the  hands  of  those  directly  con- 
cerned in  the  operation.  The  skin  of  the  patient  and  the  hands  of  the 
surgeon  and  his  assistants,  then,  deserve  the  most  careful  attention  pos- 
sible. The  surface  of  the  body  is  constantly  covered  with  germs  and  dust, 
and  is  also  more  or  less  soiled  with  the  various  excretions  of  the  body. 
Unfortunately,  our  most  valuable  sterilizing  agent,  heat,  is  not  entirely 
available  in  preparing  either  the  patient  or  the  sui^eon,  and  we  are 
forced,  therefore,  in  such  preparation  to  depend  on  mechanical  and 
chemical  processes.  Recognizing,  therefore,  that  our  methods  are 
necessarily  imperfect,  we  should  take  the  utmost  care  to  apply  them 
thoroughly,  so  that,  as  far  as  possible,  the  special  dangers  of  wound- 
infection  may  be  avoided.  Smooth  skin-surfaces  can  be  rendered 
aseptic  with  a  fair  degree  of  certainty,  but  the  natural  apertures  of  the 
body,  skin-surfaces  which  lie  in  apposition,  hairy  areas,  and  natural 
depressions,  such  as  exist  about  the  finger-nails  and  at  the  navel, 
require  extreme  and  deliberate  care. 

Clothinsr. — When  preparing  for  an  operation,  it  is  the  duty  of  the 
surgeon  and  his  assistants  to  divest  themselves  of  their  outside  wear- 
ing-apparel, and  substitute  for  it  clothing  of  suitable  material  which 
has  been  properly  sterilized.  Gowns  made  of  strong  linen,  or  suits 
of  duck,  are  especially  satisfactory.  Sleeves  should  extend  not  lower 
than  the  elbow,  or,  at  least,  should  be  rolled  back  above  that  point 
Underneath  the  gown,  a  rubber  apron  may  be  worn  for  the  protection 
of  the  underwear  from  wetting,  and  for  the  same  reason,  india-rubbers 
or  some  other  waterproof  shoe  should  be  worn  on  the  feet 

Too  little  care  is  oflen  taken  in  regard  to  hair  and  beard.  These 
should  certainly  be  short,  in  order  that  they  may  be  easily  cleaned  and 
less  likely  to  drop  loose  particles  of  epidermis  upon  or  about  the 
wound.  Complete  cleanliness,  also,  suggests  the  entire  avoidance  of 
such  toilet  articles  as  are  oily  and  scented. 

The  Hands — Of  all  of  the  objects  which  approach  the  surgeon's 
wounds,  his  own  hands  and  those  of  his  assistants  deserve  the  g^reat- 
est  attention,  and  yet,  even  to-day,  there  is  no  unanimity  in  regard  to 
the  best  method  of  sterilizing  the  hands,  and  there  still  goes  on  an 
unceasing  active  discussion,  both  among  surgeons  and  bacteriologists, 
in  regard  to  this  process.  F.ven  after  the  hand  has  been  brought  to 
the  condition  of  surface-sterility,  deeper  layers  of  epidermis,  such  as 
may  be  readily  opened  during  the  maceration  which  accompanies  the 
frequent  washings  during  any  large  operation,  still  contain  many  bac- 
teria. When  one  considers  the  number  of  hands  employed  in  many 
operations — often  as  many  as  ten  or  twelve — each  one  of  which  may  be  a 
source  of  infection,  the  different  qualities  of  the  skin,  the  different 
characters  and  habits  of  the  individuals,  the  different  things  that  they 
have  handled,  and  the  diseases  of  which  they  may  be  the  subjects, 
the  problem  of  providing  perfectly  sterile  hands  at  every  operation  is 
one  most  difficult  of  solution.  Many  careful  observers  claim  that  it 
is  totally  impossible  to  render  any  hand  perfectly  sterile,  and  in  this 
opinion  the  writer  heartily  concurs.  The  usual  methods  of  preparing 
the  hands  and  arms  of  the  surgeon  combine  the  use  of  mechanical 


THE  TRCifmC  OF  ASEPTIC  SUKGERY. 


289 


and  chemical  processes,  and.  on  account  of  the  irritating  effect  of 
chemical  antiseptics,  no  method  can  be  frequently  and  continuously 
applied  without  causing  irritation  of  the  skin.  Of  the  various  methods 
generally  in  use,  there  arc  three  that  demand  special  attention,  and  in 
all  of  them,  the  first  and  ninsi  important  step  is  ihc  complete  removal 
of  all  ^oilinjr  by  the  thurough  application  of  soajj,  water,  and  scrubbing 
brush.  Hands  and  arms  should  he  thnroujihly  cleansed  by  using 
strong  alkaHne  soap,  hot  water,  and  scrubbing  brushes  that  have  been 
previously  sterilized.  In  order  to  obtain,  as  nearly  as  possible,  an  aseptic 
condition.  Scrubbing  brushes  should  be  boiled  in  a  i  per  cent,  solu- 
tion of  carbonate  itf  soiia  for  five  minutes,  and  then  kept  in  a  sterilized 
fluid.  While  scrubbing,  it  is  best  to  keep  the  hands  and  arms  immersed 
in  hot  water,  and  particular  attention  should  be  given  to  the  fuiger- 
nails.  which  should  be  carefully  cleansed  with  a  good  instrument.  The 
mills  should  be  neatly  and  smoothly  trimmed,  and  loose  bits  of  epi- 
dermis completely  removed.  All  cuts,  cracks,  aiid  rings  interfere 
with  proixjr  cleansing.  Patches  of  collodion,  and  minor  dressings  of 
a  similar  character,  are  not  to  be  tolen^ted  on  the  hands  of  the  ojx-rat- 
ing  surgeon,  for  they  are  likely  to  act  as  sources  of  infection  to  the 
wound.     Collodion  is  not  aseptic. 

First  J^occss. — Of  the  three  methods  in  common  use,  that  of  Fur- 
bringer  is  the  most  popular.  The  most  objectionable  feature  of  this 
process  is  the  use  of  bichlond  of  mercury,  which  not  only  discolors 
the  hands,  but  frequently  causes  eczema,  and  leaves  the  skin  cracked, 
Itard,  and  tender,  thus  fortning  a  favorable  niediunt  for  the  growth  of 
bacteria.  Carbolic  acid  has  simitar  harmful  effects.  The  details  of 
this  method  arc  these :  1.  Thorough  .scrubbing  of  the  hands  and  arms 
with  soft  soap  and  hot  water  for  at  least  three  minutes,  special  atten- 
tion being  paid  to  the  nails.  2.  Immersion  of  the  hands  and  forearms 
for  one  minute  in  95  per  cent,  alcohol,  the  nails  and  the  fingers  being 
thoroughly  rubbed  and  scrubbed,  in  order  that  fats  and  debris  of  all 
kinds  maybe  removed,  and  the  penetration  of  the  bichlond -of- mercury 
solution  be  more  direct  3.  Final  rinsing  of  the  hands  and  forearms 
in  a  bichlorid-of-mercury  solution  (j  :  1000),  the  fluid  being  well  rubbed 
into  the  skin. 

S^rtmd  Procfss. —  I.  Thorough  scrubbing  of  the  hands  and  forearms, 
as  in  the  first  method  described.  2.  Soaking  in  saturated  potassium- 
permanganate  solution,  at  a  temperature  of  uo°  F..  until  the  skin 
acquires  a  vcr^'  dark-brown  color.  5.  Immersion  of  the  hands  and 
forearms  in  a  saturated  solution  of  oxalic  acid,  at  a  temperature  of  1 10" 
F.,  until  the  sktn  has  decolorized  Oxalic  add  is  probably  the  most 
active  antiseptic  agent  in  tins  process,  the  permanganate  of  potash 
acting  simply  as  an  oxidizing  agent.  4.  Thorough  washing  in  ster- 
ilized normal  salt  solution  or  in  ordinarj'  sterilized  lime  water.  5. 
Washing  in  btchlorid-of-mercur>'  .solution  (i:  1000)  for  one  minute, 
and  then  in  sterilized  normal  salt  solution. 

Thini  f*r<*cfss. —  The  recent  reports  made  by  Dr.  L.  A.  Stimson  in 
regard  to  a  process  which  was  first  suggested  by  Mr.  Rauschenberg, 
the  pharmacist  at  the  New  York  hospital,  have  attracted  much  atten- 
tion on  account  of  the  valuable  results  obtained  clinically.  The 
advantages  claimed  for  this  method  arc  superior  sterili/Jng  power  and 
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exceptionally  perfect  removal  of  dead  epithelium,  fat,  and  debris.     The 
process  is  as  follows  : 

1.  Hands  and  arms  to  be  washed  as  in  the  other  methods. 

2.  A  scant  tablespoonful  of  chlorinated  lime  is  to  be  moistened 
with  enough  warm  water  to  make  a  thick  paste.  This  paste  is  to  be 
applied  thoroughly  to  the  hands  and  arms,  and  carefully  rubbed  in 
about  the  nails. 

3.  A  piece  of  carbonate  of  soda,  about  an  inch  square  and  a  half- 
inch  thick,  is  to  be  crushed  and  rubbed  into  this  paste  until  the  latter 
becomes  smooth.  A  sense  of  coolness  will  then  be  experienced,  fol- 
lowing the  sensation  of  heat  previously  caused  by  the  liberation  of 
chlorin  gas.     From  three  to  five  minutes  are  thus  occupied. 

4.  The  hands  are  now  to  be  rinsed  in  sterile  water  and  washed  in 
an  aqua  ammonias  solution  of  the  strength  of  ^  of  i  per  cent.,  in  order 
that  the  odor  of  chlorin  may  be  removed.  If  the  skin  becomes  irri- 
tated from  too  frequent  use  of  any  one  of  the  above  methods,  applica- 
tions of  glycerin  and  rose  water  in  equal  parts  after  operations  will 
relieve  the  discomfort. 

When  the  surgeon's  hands  are  intelligently  and  conscientiously 
cleansed  by  one  of  the  above-described  processes,  such  a  degree  of 
surface-sterility  can  be  obtained  that  bacteriological  tests  made  imme- 
diately after  the  application  of  the  process  furnish,  in  .some  instances, 
95  per  cent,  of  successes.  Such  tests  may  be  made  by  removing 
scrapings  from  the  surface  of  the  hands,  especially  about  the  nails, 
and  placing  these  scrapings  in  sterilized  culture-media.  The  culture- 
tubes  arc  then  placed  in  an  incubator  kept  at  a  temperature  of  80°  F. 
In  a  few  days'  time,  the  appearance  or  non-appearance  of  bacterial 
growth  in  the  tubes  will  indicate  whether  the  scrapings  placed  in  them 
were  free  from  germ-life  or  not.  It  is  evident,  of  course,  that  when 
one  is  investigating  the  condition  of  the  entire  hand,  such  a  test  as 
this  is  a  very  partial  one  only,  not  merely  with  reference  to  the  time 
of  the  beginning  of  an  operation,  but  also  having  in  mind  what  the 
condition  of  the  hands  shall  be  in  the  middle  or  at  the  end  of  the 
operation;  and  it  is  evident  from  the  considerable  number  of  failures  to 
produce  even  surface-sterilization,  such  as  will  bear  the  application  of 
this  very  partial  test,  that  absence  of  sterility  of  the  sui^eon's  hand  is 
liable  to  exist  at  any  time.  We  must  remember,  too,  that  in  hospital 
practice,  and  often  in  private  work,  the  hands  of  assistants  employed 
in  operations  are  frequently  changing,  and  that  every  few  months  new 
hands  are  introduced,  the  possessors  of  which  have  only  just  begun  to 
learn  the  method  of  clean.sing  them.  Some  of  these  hands  come  in 
contact  with  old  wounds  and  with  foul  discharges,  and  are  necessarily 
more  difficult  to  sterilize  than  others.  Moreover,  it  is  certain  that  the 
handling  of  infected  tissues  which  accompanies  the  dressing  of  any 
but  perfectly  a.septic  wounds,  and  the  methods  of  hand-cleansing 
which  roughen  or  crack  the  skin,  render  perfect  hand-sterilization 
excessively  difficult  or  impossible.  The  hand  exfoliates  epithelium  and 
excretes  from  its  glandular  apparatus  effete  material.  It  is  quite  cer- 
tain that  we  shall  never  be  able  completely  to  sterilize  all  the  hands 
employed  in  an  operation  in  such  a  perfect  manner  that  they  will 
remain  sterile  until  the  operation  is  finished,  even  supposing  that  they 
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were  in  a  perfectly  sterile  coiulitton  at  its  comnicnccmi.'iit.  Such  con- 
sidcnitions  have  led  some  surgeons  to  look  for  a  m;iterial  Ciipahle  of 
coinplftc  and  permanent  sterilization,  and  possessing  the  quality  of 
impenetrability  to  fluids,  with  wliich  the  hands  might  be  covered,  and 
thus  the  danger  of  conveying  infection  through  their  medium  to 
wounds  be  absolutely  excludeil.  The  problem  has  been  solved  in  a 
most  satisfactory  manner  by  the  introducliun  for  the  surgeon's  use  of 
thin,  well-fitting  india-rubber  gloves.  These  can  be  sterilized  as  per- 
fectly as  any  instrument,  for  they  jxrrmit  the  use  of  boiling  water,  or 
of  steam  under  pressure,  and  llicy  art  itnpervious  to  (luids,  either  from 
within  or  from  without.  It  seems,  tlien,  that  this  improved  method 
answers  very  completely  the  question  in  regard  to  hand-sterilization, 

MilculicK'i  susfECHtjon  that  sieriliicd  cotion  ijlnvcs  answer  ihc  indi<raiian  tirnn«  hardly 
worth  »cnuus  cm»idcnili»n.  since,  alllluugh  cultuii  gU>'i'»  can  he  tliumuj^hly  ).lenlix«ct,  thejr 
are  entirely  pcninus  tn  Huids,  and  tht^  hands  ciK?ti<^  in  ih<.'Ri  must,  thcrclorr,  if  not  absiO- 
lutrly  Btnilc,  be  iiuitc  cajMblc  wf  convcyiiijf  infetiion  to  (lie  vruundv  wiikli  they  are  hand' 
liiij;.  A  material  pervidU!)  lo  fluid  ina^  uf  cutir^Mr,  tiller  from  (hat  diiid  iialjmtile  omsbcs  of 
cpithctiuia  or  otlicr  firreign  nutcrial.  but  n»  tluid>  can  pa»s  from  Ihe  wound,  throtigh  tbem 
ti)  ihr  hand,  and  annin  iclurn,  the  fundampntaL  rules  of  aseptic  surifcfy  arc  hardly  complied 
with  when  the  surgeoD  uses  tnalirrial  of  ihi*  kind  lo  cor<T  hi*  hand*. 

India-rubber  gloves  are  readily  prepared  for  use  in  the  following 
manner:  They  are  first  thoroughly  washed  with  soap  and  hot  water, 
to  which  a  little  aqua  ammonia:  has  been  added.  They  should  then 
be  boiled  for  fifteen  nainutes  in  a  i  per  cent,  soda  solution.  Being 
carefully  removed  by  means  of  sterile  forceps,  they  should  be  laid  in 
the  center  of  a  freshly  sterilizetl  towel,  which  is  then  to  be  folded  over 
them.  Operator,  as.si.stanis,  and  nurses  should  put  on  fresh  gloves  for 
each  operation.  If  the  hands  are  quite  &ty  and  arc  then  well  rubbed 
with  sterilized  starch  powder,  or.  indeed,  with  any  finely  divided  pow- 
der, the  gloves  can  be  quite  easily  drawn  on,  even  when  their  interior 
is  moist.  The  hands  may  also  be  moistened  with  glycerin,  or  with  any 
other  lubricating  material  which  does  not  contain  oil ;  the  wet  gloves 
can  then  be  easily  put  on.  Oily  lubricants  are  damaging  to  india- 
rubber.  When  filled  with  any  sterile  fluid,  the  gloves  permit  the  hands 
to  enter  readily.  If  this  last  metliod  is  made  use  of,  the  hands  should 
be  first  sterilized  as  completely  as  possible,  as  the  fluid  which  fills  the 
gloves  flows  out  and  over  its  outer  surface  as  the  hand  enters.  After 
the  gloves  have  been  put  on,  their  outer  surface  should,  as  a  final  pre- 
caution, be  carefully  rinsed  off  with  sterilized  salt  solution.  The  hand 
is  then  in  a  condition  of  such  perfect  sterilization  that,  gloved  in  this 
manner,  it  may  enter  and  handle  aseptic  tissues  without  the  shghtest 
danger  of  causing  infection. 

In  active  military  and  naval  ser\'ice,  india-rubber  gloves  would  be 
of  Ihc  greatest  value.  Wlien  rolled  up  they  occupy  a  ver)'  small  com- 
pass, can  be  transported  in  a  sterilized  condition,  and  can  be  readily 
sterilized  over  and  over  again  in  any  small  vessel  which  can  serve  as  a 
boiler.  The  best  methods  of  sterilizing  the  hands  would  be  totally 
impracticable  in  a  rapidly-filling  amiy  hospital,  but,  provided  with  a 
few  pairs  of  gloves,  an  army  or  navy  surgeon  need  never  dread  causing 
infection  tluough  his  hands  to  the  wounds  which  he  makes.  Since 
April.  i}f97,  the  author  has  made  constant  use  of  india-rubber  gloves 
while  operating,  having  never  operated  without  them  during  that  pcnod. 
His  clinical  results  have  been  better  than  he  has  ever  attained  before. 
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and  his  confidence  in  the  vcrj'  great  value  of  .sterilized  india-rubber 
gluvcs  in  prcvcntint;  the  infection  of  operative  wounds  has  long  since 
become  complete  conviction.  Similar  testimony  has  reached  him  from 
a  large  nuniber  of  operating  surgeons.  As  an  additional  precaution 
against  alUnviiif^  thf  hare  skin  of  the  operator  to  come  in  contact  with 
wounds  or  instruments,  the  author  and  Iiis  assi-stants  have  worn  .sleeves 
for  the  forearms  made  of  two  thickne-sses  of  sterilized  chce.*ic-cloth. 

After  a  little  practice,  any  ojieration  can  be  done  as  well  with  rubber 
gloves  as  without  them;  nor  do  the  gloves  interfere  in  the  least  with 
accurate  pali^^tion.  When  tissue,  such  as  a  portion  of  intestine,  is  vcr>" 
slippery,  the  ditTiciilly  Is  overcome  at  once  by  the  aid  of  a  piece  of 
sterile  gauze.  If  thick  (KcHcles  have  to  be  tied  with  force,  a  piece  of 
gauze  in  the  palm  of  the  hand  prevents  the  ligature  from  cutting  the 
glove.  If  the  glove  finger  is  accidentally  cut  or  pricked,  the  wound 
may  be  at  once  closed  by  putting  over  it  «in  extra  glovc-fingcr.  Per- 
forations of  small  size  may  also  be  very  j>erfcclly  mended  hy  means 
of  a  rubber  cement  furiiislied  for  that  jnirpose.  A  pair  of  gloves 
handled  with  care  will  last  from  four  U>  si.\  weeks,  even  when  used 
every  tlay. 

Prepuration  ol  the  Patient. — At  least  once  before  o])cration,  if  no 
contraifuiication  exists,  the  patient  should  be  given  a  thorough  hot 
buth  with  abundant  ajiplicatton  of  suap,  after  which  only  fresh  clothing 
shnultl  be  worn.  Generally,  a  .suitable  laxative  should  be  adininistcrcd 
on  the  day  l>efore  operation,  and.  on  the  morning  of  ojieration.  an  ordi- 
nary soap-and-watcr  enema  should  be  given,  so  that  the  bowels  may 
be  proiJcrly  freed  from  accumulations.  No  food  of  any  kind  should 
be  taken  within  six  or  eight  hours  of  the  time  for  the  administration 
of  the  anesthetic,  excepting  that  a  few  tablespoonfuls  of  coflce  or  a 
small  cup  of  hot  broth  may  be  given  in  the  early  morning.  Stimula- 
tion, if  indicated,  shoulil  be  given  through  the  rectum,  Tlie  prclimi- 
narj'  preparation  of  ihe/rV/f/  of  nperatioH  should  be  made  in  the  follow- 
ing manner:  The  area  cleansed  should  always  be  much  larger  in  any 
case  than  the  part  to  be  immediately  involved  in  the  wound.  This  \s 
absolutely  essential,  because  towels  about  the  immediate  operative 
field  become  easily  displaced,  thereby  often  exposing  unprepared  sur- 
faces, unless  sterilization  is  carried  wide  of  the  actual  operative  wound. 
Generally,  on  the  night  before,  the  skin  should  be  carefully  shaved,  if 
hain,',  and  then  thoroughly  scrubbed  with  good  soap,  hot  water,  and  a 
sterilized  brush,  in  order  that  all  soiling  and  loose  epidermis  may  be 
removed,  and  special  care  should  be  taken  with  irregularities  of  surface, 
such  as  the  navel.     All  soapy  material  should  be  then  washed  away. 

In  the  preparation  vA  callous  or  verj'  dirty  integument,  such  as  that 
of  the  hands  and  feet,  slfritization  should  begin  two  days  beforehand, 
the  washing  process  being  repeated  twice  daily,  and  the  parts  continu- 
ously enveloped  in  a  soap  poultice  between  the  haths.  In  all  cases,  for 
at  least  six  or  eight  hours  before  an  operation,  the  whole  operative  field 
and  its  neighborliood  should  be  covered  with  a  soap  poultice.  This 
poultice  is  made  by  taking  several  thicknesses  of  gauze  and  soaking 
thcni  in  a  quantity  of  soft  soap  suds  of  a  moderately  thick  consistence. 
The  water  contained  in  the  poultice  may  then  be  gently  squeezed  out 
and  the  gauze  applied  to  the  skin.  During  the  process  of  .sterilization, 
the  hand  of  the  person  employed  should  be  in  a  sterile  condition. 


When  the  pab'ent  reaches  the  ofjeraling  table,  the  poultice  is  to  be 
removed,  the  surface  washed  offand  thoroughly  rinsed  with  hot  water. 
The  parts  should  then  be  rubbed  with  alcohol,  so  as  to  secure  the  com- 
plete removal  of  all  fatty  substances  and  other  debris,  and  finally  the 
entire  area  should  be  washed  with  a  solution  of  bichtorid  of  mercufy 
(l  ;  tooo),  or,  better  still,  pure  sulphuric  cIIilt.  One  should  be  careful, 
however,  and  see  that  under  no  circumstances  is  the  skin  excoriated  by 
loo  rough  scrubbing'  or  by  the  too  free  use  of  chemical  applications. 
Lastly,  ulcerated  surfaces  in  or  near  the  immediate  operative  field 
should  generally  be  cauterized  with  the  Paquelin  cautcr>*.  As  soon 
as  the  operative  field  and  its  surrounding  surface  have  been  thus  prc- 
paredt  the  whole  region  should  be  immediately  covered  with  wet  steril- 
ized towels,  so  as  to  exclude  the  possibility  of  accidental  surface- Infec- 
tion. The  entire  body,  excepting  such  space  as  is  required  for  operation, 
should  be  properly  protected  with  warm  coverings,  and  the  lower 
extremities  may  be  advajitageously  enclosed  in  leggings.  Rubber 
sheetings  placed  over  the  blankets  or  other  coverings  prevent  the  lat- 
ter frtiiii  becoming  soaked  with  the  fluids  used,  and  over  these  are  to 
l>c  sprcatl  ^le^ili/.cd  towels  which  have  been  moistened  with  sterile 
water.  During  the  opcrati«^in  these  protecting  towels  should  be  fre- 
quently changed,  as  they  become  soiled  with  blood  or  other  materials. 
The  scalp  should  be  covered  with  a  rubber  cap,  over  which  should  be 
wrapped  a  wet  sterile  towel ;  and  the  ether  cone  should  be  protected 
with  towels  as  well.  Wet  towellings  have  a  great  advantage  over  dry- 
ones,  since,  when  once  placed,  they  d<»  not  slip,  and  dust,  which  neces- 
sarily falls  upon  them,  is  detained  on  the  wet  surface.  If  these  direc- 
tions arc  carefully  followed,  every  part  of  the  patient  excepting  his  face, 
and  every  part  of  the  tabic  and  of  the  unsterilizcd  coverings  over  the 
patient,  will  be  separated  from  the  surgeon,  hi**  assistants,  and  the 
operative  field  by  sterilized  material. 

Kvcry  portion  of  the  body  which  is  to  be  operated  upon  should  be 
prepared  for  operation  in  as  sterile  a  manner  as  is  consistent  with  the 
peculiarities  of  the  region.  If  an  operation  that  involves  the  month  is 
to  be  done,  the  whole  cavity  of  the  mouth,  the  teeth,  and  the  pharynx 
should  be  sterilized  as  completely  as  possible.  Loose  or  decayed  teeth 
should  generally  be  removed.  The  teeth  themselves  should  be  fre- 
quently brushed  with  tooth  powder,  all  tartar  scraped  away,  and  the 
mouth  and  pharynx  rinsed  and  gargled  at  frequent  intL-rvals  with 
suitable  cleansing  material.  I'or  this  purpose,  jjeroxid  of  hydrogen. 
one  part  in  five  or  six,  is  the  best.  Similar  methods  are  to  be  applied 
to  the  cavities  of  ///<*  Hosi,  to  the  postnasal  region,  to  the  ears  and  aural 
canal,  when  any  one  of  these  regions  is  to  be  included  in  the  operative 
field.  The  removal  o{  adenoid  vegetations  from  the  nasopharyn.x.  of 
polypi  from  the  nose  or  aural  canal,  and  all  similar  operatitms.  should 
never  be  undertaken  without  careful  preliminar)'  preparation  of  the 
parts.     The  failure  to  observe  thi.s  rule  has  often  resulted  in  sepsis  of  a 

'  Great  care  sbmtlcl  be  ubH-r^^erl  in  the  u^  of  llie  »cnibl'iDg-l>fu»)i.  e«peciaJlj  while  ihe 
pMticni  U  under  the  iiifluenrp  nf  an  jinr<i)t('(ii;  If  the  »UT&u:e  of  ibr  tkin  i(  brokni  by  too 
snrrgclic  KnibbRK.  nol  uiitj'  arc  frexh  aien*  [iir[Mie<t  fur  the  eniramc  of  iMcterta.  but  alto 
iiunerou  bacieriii,  wbicli  ire  >«f(rlv  Imuvrd  m  ihr  sMrat-  Brid  hair- full iclr^  if  ihcy  nrc  andb- 
lurtwd.  are  »et  free  lo  raii*«  infection  In  fact,  brushes  are  rnilrdy  unnece^Hry  in  dcaitiing 
the  ••peraiiTC  area.     Soap  poultices  followed   by  )[enilr  wssliin]t  do  the  work  br  mof* 
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grave  character.  The  skin  of  the  eyelids  and  the  conjunctiva  itself 
should  be  thoroughly  cleansed  before  an  operation  which  involves 
these  or  surrounding  parts,  no  matter  how  slight  the  operation.  For 
mechanical  cleansing  of  the  conjunctiva,  sterile  normal  salt  solution  is 
admirable,  as  Is  also  a  warm  weak  solution  of  boric  jicid.  If  the  cavity 
of  the  cranium  is  to  be  entered,  shaving  of  the  entire  head  is  never  to 
be  neglected.  Not  infrequently  the  scalp,  particularly  when  the  hair 
has  been  long  and  neglected,  is  covered  with  dense  masses  of  old 
epidermis  and  dried  discharges  from  eczema.  In  such  cases,  simply 
washing  with  soap  and  water,  or  even  the  application  of  a  soap  poultice 
for  the  usual  length  of  time,  will  not  be  sufficient,  and  to  cleanse  the 
scalp  thoroughly  it  will  be  necessary  first  to  soften  completely  the 
whole  surface  with  applications  of  sweet  oil  kept  upon  the  scalp  for  one 
or  two  days  preceding  the  final  washing.  If  sufficient  trouble  is  taken. 
and  the  hair  cleanly  shaved,  it  is  possible  to  render  the  scalp  as  clean 
as  any  other  part  of  the  body. 

When  operations  are  to  be  done  upon  the  stomach,  or  the  intestine 
immediately  below  the  stomach,  it  is  best  to  precede  the  operation  by 
a  thorough  lavage.  The  fluid  used  may  be  either  warm  water,  boric- 
acid  solution,  or  the  normal  salt  solution.  By  this  means  the  stomach 
can  be  rendered  absolutely  clean. 

Even  in  operations  on  the  pharynx  and  upper  air-passages,  the  risk 
of  infection  through  the  vomiting  accompanying  or  following  etheriza- 
tion can  be  largely  diminished  by  lavage  of  the  stomach  beforehand. 

Operations  upon  any  portion  of  the  intestinal  tract  should  be  pre- 
ceded, whenever  it  is  possible,  by  satisfactory  emptying  of  the  whole 
intestinal  canal  by  means  of  suitable  Ia.xativcs.  In  addition  to  medica- 
tion, enemata  can  be  used  with  great  advantage  whenever  operations 
are  to  be  done  upon  the  lower  bowel.  A  thorough  cleansing  of  the 
rectum  and  anus  permits  most  operations  involving  this  region  to  be 
practised  in  a  nearly  aseptic  manner.  It  is  hardly  necessary  to  mention 
that,  in  all  operations  upon  the  intestines  and  gall-bladder,  every  care 
should  be  taken  to  prevent  the  entrance  of  intestinal  contents  into  the 
peritoneal  cavity  or  upon  surrounding  coils  of  gut.  The  portion  of 
intestine  to  be  operated  upon  can  frequently  be  brought  entirely  out 
through  the  abdominal  wound,  and  so  the  whole  operation  be  made 
e.vtrapcritoncal,  or,  at  least,  the  intestine  may  be  clamped  or  tied  above 
and  below  the  part  to  be  opened  or  operated  upon,  and  so  the  passage 
of  fecal  material  by  the  seat  of  operation  be  avoided. 

Operations  upon  the  bladder  and  urethra  require  for  their  safe  per- 
formance ver>'  complete  cleansing  of  these  organs.  The  bladder  should 
be  emptied  completely,  by  means  of  a  catheter,  at  the  last  moment 
before  operation.  It  should  then  be  filled  and  emptied  several  times 
with  some  sterile  fluid,  normal  salt  solution,  or  Thiersch's  solution. 
Ordinaril)',  at  the  moment  of  an  operation  it  should  be  full  of  a  sterile 
fluid.  The  urethra,  also,  should  be  carefully  washed  out  in  a  similar 
manner.  These  precautions  should  be  taken  in  any  case  of  actual 
operation  for  the  relief  of  stricture,  and,  at  least  when  any  discharge 
from  the  urethra  exists,  the  urethra  should  be  washed  before  even  a 
sound  is  introduced.     No  sound  or  catheter  should  ever  be  made  use 

(of  unless  the  instrument  is  in  a  perfectly  sterile  condition,  and  the 
orifice  through  which  it  enters  should,  of  course,  be  sterilized  as  well. 
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The  neglect  of  such  evidently  rational  precautions  is  constantly  leading 
to  the  establishment  of  a  more  or  less  severe  infection. 

In  using  the  instruments  just  referred  to,  it  is  desirable  to  avoid 
oily  materials  as  lubricants,  as  such  are  removed  unly  with  difficulty, 
and  are  also  injurious  tn  soft  rubber  materials.  Glycrrin  tir  hibrichon- 
drin  makes  an  excellent  lubricator,  as  each  is  soluble  in  water  and 
ver>'  readily  removed.  After  use,  sounds  and  catheters  should  be  tm- 
mcdtately  washed  with  soap  and  hot  water.  If  kept  for  fifteen  niiniites 
in  a  1  |ier  cent,  siilution  of  snilium  carbonate  healed  nearly  lo  the 
boiling  point,  the  instruments  will  not  be  injured,  and  will  be  well  ster- 
ilised. Catheters  should  be  preserved  in  a  solution  of  bichlorid 
(I  :  1000),  all  traces  of  which  solutum  should,  however,  be  washed 
au-ay  with  hot  water  before  the  instrunient  enters  the  urethra.  The 
interior  of  catheters  can  best  be  cleansed  by  the  passage  tJirough  them 
of  boiling  water  or  live  steam. 

The  vagina,  as  well  as  the  external  genitals  of  the  female,  deserve 
esfiectal  attention  In  all  operations  which  involve  them  ;  and  they  should 
not  be  neglected  when  operation  is  to  be  done  upon  the  anus  or  lower 
rectum.  To  cleanse  tlie  vagina  ihoroiiglily  a  sptculuni  is  necessary, 
so  that  it  may  be  held  widely  ojxrn  while  every  portion  of  it  is  wjjK-d 
out  with  a  .sponge  on  a  long  hanille.  and  vigorous  applications  of 
Thiersch's  solution  should  he  made.  If  the  interior  of  the  uterus,  or 
even  the  cervix,  is  to  be  entered  with  an  instrument,  these  tracts  should 
be  prepared  as  carefully  as  the  vagina,  and,  in  many  cases,  the  orifice 
of  the  cervix  and  its  canal   require  careful  curetting. 

Accident  Wounds. — A  large  proportion  of  accident  wounds,  such 
as  small  lacerations,  scalp  wounds,  gunshot  wounds,  and  even  com- 
pound fractures,  arc  originally  nearly  aseptic,  and  remain  so  until  they 
have  been  handled  or  otherwise  actively  disturbed.  Such  wounds  fre- 
quently first  receive  officious  and  unskilful  attention  from  those  who 
make  no  pretence  at  cleanliness,  and,  by  the  time  they  come  under  the 
hand  of  the  surgeon,  are  already  infected.  The  application  of  septic 
temporary  hemostatic  apparatus  or  drugs,  ordinary  materials  used  as 
dressings,  ignorant  probing, and  handling  with  dirty  fingers  and  instru- 
ments, more  frequently  infect  these  wounds  than  docs  the  agent  of  the 
traumatism.  The  surgeon  should  therefore  treat  all  accident  wounds 
with  especial  care,  realizing  that  they  will  frequently  have  been  infected 
through  the  hands  of  some  other  person  before  they  reach  him.  More- 
over, such  wounds  arc  frequently  irregular  in  outline  and  complicated 
by  lacerated  and  contused  edges.  If,  in  any  case,  it  seems  best  to 
close  such  a  wound  by  suture,  it  should  first  be  very  carefully  disin- 
fected. If  doubt  exists  in  the  mind  of  the  surgeon  as  to  the  thorough 
disinfection  of  such  wound,  it  is  far  better  to  leave  the  wound  open, 
packed  with  suitable  material  for  drainage,  than  it  is  to  apply  a  suture. 
For  the  temporary  control  of  hemorrhage  from  any  but  large  ves- 
sels in  accident  wounds,  nothing  is  better  or  safer  than  compression 
exerted  by  means  of  sterilized  gauze,  which  fills  the  wound  and  is  held 
in  place  by  a  sterile  bandage.  The  final  dressing  of  all  accident 
wounils  should  include  ver>'  thorough  cleansing  of  the  skin  of  the 
entire  neighborhood  about  the  wound.  The  wound  Itself  should  be 
washed  thoroughly  with  a  non-irritating  fluid,  such  as  normal  salt 
solution  or  Thiersch's  .solution.     It  should  then  be  dried  by  the  use  of 
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Sterilized  gauze.  Ragged  edges  wliicli  arc  evidently  bcj'ond  rccov-cry 
should  be  cut  away,  undermined  edges  lifted,  and  the  underlying  .tpaces 
sterilized.  Whether  sucli  wounds  may  bv  closed  by  suture  or  not 
must,  of  course,  be  decided  according  to  the  judgment  of  the  surgeon 
in  ch.-irgc.  As  a  rule,  provision  for  some  drainage  .should  be  made, 
and  for  this  purpose  capillary  drainage  obtained  by  means  of  gauze 
packings  is  better  than  any  arrangement  of  drainage-tuIies,  Exten- 
sive, deep,  lacerated  wounds  should  under  no  circumstances  be  closed 
primarily,  and  In  a  very  large  majority  of  cases  secondary  suture  i» 
far  safer  than  primary'  closure.  Such  sccondarj*  suture  may  be  well 
applied  often  on  the  second  or  third  day,  the  absence  of  infection  bcrinj; 
by  tliat  time  determined. 

Wotmd-snture  and  Drainage. — Before  operation  wounds  are 
sutured,  they  sliould  be  carefully  vsa^hcd  out  with  hot  salt  solution. 
so  that  all  blood-clots  may  be  removed.  All  oozing  points  should  be 
carefully  ligated,  preferably  with  fine  catgut,  and  all  hanging  frag;menls 
that  are  liable  to  necrosis  should  be  cut  away.  If  a  wound  is  to  be 
completely  closed,  the  surgeon  should  endeavor,  by  means  of  properlv 
applied  sutures,  to  bring  all  raw  surfaces  in  contact  with  the  opposite 
ones,  and,  so  far  as  possible,  he  sltould  so  arrange  the  deep  and  super- 
ficial tissues  that  no  dead  spaces  are  left  in  which  serum  and  blood 
may  accumulate.  For  buried  sutures,  as  has  been  already  stated, 
catgut  is  to  be  preferred  to  any  other  material.  It  is  true,  however, 
that  many  surgeons  make  free  use  of  silk,  silkworm-gut,  and  even 
silver  wire,  the  objection  to  these  three  materials  being,  in  the 
opinion  of  the  writer,  a  grave  one — namely,  their  non-absorbabilit>'. 
The  different  layers  of  tissue  in  wounds  should,  as  far  as  possible,  be 
sutured  to  corresponding  layers  on  the  opposite  side.  In  some  ca.scs, 
where  haste  is  required.  It  is  permissible  to  pass  sutures  from  the  sur- 
face through  the  entire  thickness  of  a  flap,  even  when  it  is  composed 
of  a  number  of  different  layers,  omitting  entirely,  in  oriler  to  save  time, 
special  suturing  of  separate  tissues.  This  method  of  suture,  however, 
is  not  likely  to  yield  as  perfect  a  cicatrix  through  the  whole  surface  of 
the  wound  as  the  separate  suture  of  tissue  to  tissue  It  is  better  to 
avoid  placing  a  suture  than  to  place  it  where  great  tension  will  be 
caused  by  drawing  wcmnd-edges  together,  for  continued  tension  will 
produce  either  ncn'rosis  from  complete  shutting  off  of  blood-supply,  or 
tissuc-ahsorpliori.  which  again  may  invite  tlie  development  and  muhj- 
])licatiun  of  otherwise  harmless  liactcria.  Skin-edges  should  be  well 
.»iup[>f)rtLd  in  all  large  wounds  by  a  number  of  sutures  of  fairly  large 
size  which  pass  through  the  skin  at  points  j-  or  ^  incli  distant  from  the 
edge  of  tlie  wound.  These  sutures  may  be  placed  from  i  to  2  inches 
apart.  The  immediate  suture  of  the  edges  of  the  wound  should  be  as 
complete  as  possible  and  safe,  It  may  be  made  either  with  fine  catgut 
or  with  fine  silk,  the  writer  preferring  the  latter  material  for  skirl- 
sutures.  Fine  silk  is  stronger  than  catgut  of  a  corresponding  size;  it 
is  more  pliable,  and  it  leaves  a  neater  cicatri.x.  For  the  strong  sup- 
porting sutures,  many  surgeons  prefer  STlkwt>nn-gut  or  silver  wire,  and 
for  the  final  immediate  skir-suture,  some  u.>4e  a  buried  fine  .silk  strand, 
which  does  not  [xjss  through  the  skin  at  all.  but  catches  up  only  the 
inmiediatf  .subcutancnus  etlge.  Theoretically,  a  perfectly  a<ieptic 
wound  may  be  completely  clo.sed  without  drainage  of  any  kind,  and 
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this  practice  may  in  many  instances  be  followed  by  complete  success. 
It  can  be  accomplished  uniftirmly,  however,  only  at  the  expense  of  a 
large  amount  of  time  devoted  to  the  permanent  chcckinjj  of  all  hemor- 
rhage, however  slight,  and  by  vcry^  complete  and  time-consuming  atten- 
tion to  the  obliteration  of  all  dead  spaces.  All  wounded  tissues  exude 
a  certain  amount  of  serum,  and  there  arc  few  wounds,  no  matter  how 
carefully  attended  to.  which  are  not  followed  by  more  or  less  subcu- 
taneous bloody  oozing.  In  a  small  proportion  of  cases,  which  at  the 
time  of  closure  sc-em  to  be  ab.solutely  free  from  bleeding,  one  or  more 
vessels  will,  after  closure,  allow  of  a  considerable  hemorrhage  into  the 
tissues.  The  presence  of  pure  serum  or  blood-clot  in  the  cellular  si>accs 
of  a  wound  is  certainly  an  invitation  tu  bactenal  development  which, 
in  a  perfectly  empty  wound,  would  not  take  place.  Whether  it  is 
worth  while  to  accejit  even  a  small  risk  of  such  accident  for  the  sake 
of  completely  closing  the  wound  in  an  itical  manner  must  he  lefl  to 
the  judgment  of  each  surgeon.  Carefully  applied  ilrainage,  in  one 
form  or  another,  provides  against  accumulations  of  serum,  accidental 
bleeding  into  the  tissues,  and  reduces  to  a  minimum  the  chance  of 
l>;icteriai  invasion.  TIic  writer  therefore  prefers  to  give  up  the  ideal 
closure  of  wounds  wilhotit  drainage  of  any  kind,  and  so  avoid  nuich 
loss  of  lime  and  some  risk  to  the  patient.  Drainage,  therefore,  should 
be  applied  to  almost  all  wounds,  even  those  which  are  presumably 
perfectly  aseptic,  in  order  to  remove  from  the  intercellular  planes  such 
serous  or  bloody  exudations  as  arc  certain  to  exist  to  a  greater  or  less 
degree.  In  aseptic  wcumds,  drainage  for  the  puqjose  above  mentioned 
will  have  accomplished  its  object  within  a  very  few  hours,  and  should 
be  removed  at  the  first  convenient  opportunity.  Tin's  is  generally 
done  at  the  first  change  of  dressings.  Such  change  might  well  be 
made  on  the  next  day  after  ojieralion,  if  it  were  not  that  a  disturbance 
of  dre«angs  at  so  early  a  period  is  generally  very  uncomfortable  for 
the  patient.  A.^  a  rule,  therefore,  thi.s  temporary  drainage-material  is 
most  conveniently  taken  away  at  the  end  of  about  forty-eight  hours. 
All  superficial  aseptic  wounds,  and  even  many  large  and  deep  ones, 
may  be  perfectly  drained  if  the  surgeon  introduces  at  one  or  two 
points  a  narrow  strip  of  thin  gutta-percha  tissue,  which  should  pass 
from  the  surface  to  the  decix-st  portion  of  the  woimd  that  requires 
emptying.  Such  strips  can  be  readily  placed  by  means  of  a  probe. 
They  should  be  from  \  of  an  inch  to  ^  inch  wide,  and  should  project 
above  the  surface  for  about  an  inch.  Serum  or  fluid  blood  will  find 
its  way  by  the  side  of  such  drainage-material  into  the  superticial  wound- 
dressing,  so  that,  when  the  first  change  of  dressings  is  made,  this  mate- 
rial will  be  found  alK'iiys  to  contxiin  a  considerable  quantity  of  fluid, 
and  the  wound  will  be  sali.sfactorily  flat  and  free  from  all  accumula- 
tions. Moreover,  these  strips  of  thin  gutla-iiercha  never  leave  behind 
them  a  prolonged  sinus,  even  when  left  in  place  for  a  considerable 
length  of  time,  and  the  wounds  to  which  they  are  applied  heal  with 
great  rapidity.  Where,  however,  a  considerable  opportunity  exists,  as 
in  the  axilla  after  its  complete  excavation,  for  the  accumulation  of 
bloody  fluid,  it  Is  safer  to  introduce  a  drainage-tube  at  a  conveniently 
dependent  point.  .Such  a  drainage  tube,  if  left  too  long  in  place,  is 
likely  to  give  rise  to  the  existence  of  a  sinus  which  may  last  for  some 
httle  tinic.     If  the  tube  is  removed,  however,  on  the  second  or  third 


298  INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 

day,  the  place  which  it  occupied  invariably  heals  without  difficulty. 
For  tube-drainage,  india-rubber  is  usually  the  most  convenient,  but, 
instead  of  india-rubber,  tubes  may  be  made  of  absorbable  bone,  of 
glass,  or  of  metal.  India-rubber  tubes,  from  their  pliability,  are  to  be 
preferred  in  ordinary  wounds.  Wherever  there  is  a  liability  to  com- 
pression of  the  tube  to  such  an  extent  as  to  occlude  its  caliber,  glass 
is  the  most  suitable  material.  Especially  is  this  true  where  the  pelvis 
requires  drainage  from  the  bottom  of  this  cavity  to  the  abdominal 
wall.  Ordinarily,  cavities  requiring  drainage,  which  are  very  irr^ular 
in  shape,  or  have  collapsible  walls,  such  as  are  formed  by  coils  of 
intestine,  may  be  more  perfectly  kept  empty  by  capillary-drainage, 
such  as  is  furnished  by  gauze  packings,  than  by  tubes.  A  combina- 
tion of  capillary-  and  tube-drainage  is  occasionally  very  valuable. 
Such  combination,  and,  indeed,  capillary-drainage  in  general,  is  only 
required  in  .septic  wounds,  or  in  those  which,  from  their  nature,  are 
liable  to  become  septic. 

In  cases  of  septic  peritonitis,  the  abdominal  cavity  having  been 
found  to  contain  a  quantity  of  turbid  fluid,  extensive  washings  with 
sterile  salt  solution,  at  a  temperature  of  from  i  ro°  to  120°  F.,  are  first 
made  use  of.  Such  washing  is  capable  of  cleansing  the  peritoneal 
cavity  to  such  an  extent  that  it  is  nearly  aseptic,  but,  of  course,  all  of 
the  washing  fluid  is  never  removed ;  and  yet  it  is  desirable  that  the 
peritoneal  cavity  should  be  completely  emptied  as  soon  as  possible. 
The  remnants  of  irrigating  material,  and  also  the  fresh  exudations  of 
serum,  are  likely  to  find  their  way  into  the  pelvis,  and  can  be  best 
drained  from  this  cavity  by  means  of  a  large  glass  tube.  This  should 
be  from  ^  to  ^  of  an  inch  in  diameter,  open  at  both  ends,  and  long 
enough  to  extend  from  the  bottom  of  the  pelvis  to  the  surface  of  the 
abdominal  wall.  The  lower  third  of  the  tube  should  be  pierced  with 
small  holes  in  the  sides,  so  as  to  offer  a  greater  opportunity  for  the 
escape  of  fluid  from  tlie  pelvis  into  the  cavity  of  the  tube.  A  piece  of 
gauze  which  passes  to  the  bottom  of  the  tube  should  be  left  in  that 
situation,  and  this  will,  by  capillarj'-drainage,  convey  much  of  the  fluid 
to  the  surface.  After  operation,  however,  this  gauze  should  be  removed 
every  four  or  six  hours  for  a  day  or  two,  so  that  the  interior  of  the 
tube  may  be  kept  reasonably  empty.  Even  in  such  cases,  if  the  opera- 
tion has  been  well  managed  and  the  washings  made  complete,  the  wound 
is  at  once  brought  to  a  ver>'  perfect  condition,  and  the  tubes,  if  found 
to  contain  perfectly  clean  serum  only,  may  be  safely  removed  at  the 
end  of  forty-eight  hours.  In  other  parts  of  the  abdomen  these  large 
glass  tubes  may  be  frequently  used  to  great  advantage. 

It  should  be  the  object  of  the  surgeon  in  handling  septic  wounds 
to  bring  tlicm  as  rapidly  as  possible  to  a  clean  condition.  This  can 
be  accomplished  with  certainty  only  by  the  very  perfect  and  constant 
removal  by  drainage  of  all  septic  exudation  and  accumulation.  For 
this  purpose,  capillary-drainage  is  far  superior  to  any  other  method, 
and  complete  packing  of  such  wounds  sliould  be  made,  in  order  that 
the  gauze  wliich  is  to  serve  as  drainage  shall  lie  at  all  times  in  contact 
with  every  portion  of  the  wall  of  sucli  cavities,  so  that  all  fluids  may 
be  drained  off  into  the  outer  dressings.  In  actually  septic  wounds,  the 
outer  opening  should  invariably  be  wide  and  free.  Frequently,  in  such 
cases,  a  large  external  opening  with  complete  capillary-drainage  is  all 
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that  is  required  to  bring  such  wounds  rapidly  to  a  perfectly  clean  con- 
dition. 

Post- operative  Treatment  of  Wounds. — The  after- treatment 
of  wounds,  wlieilier  created  b}'  the  surgeon  or  by  accident,  and  whether 
they  are  septic  or  aseptic,  ilescrveM  a  close  attention  to  detail.  Wounds 
arc  rarely  infected,  if  only  reasonable  care  is  taken,  at  the  lime  of  the 
change  of  drcssint^s.  Nevertheless,  it  is  quite  possible  at  tliis  time  by 
carelessness  to  introduce  infection,  either  through  the  a}^enc>'  of  soiled 
fingers,  imjK'rfcct  dressing-material,  imperfectly  sterili/xd  instruments, 
or  by  contact  with  bedding  and  underclothing.  If  the  condition  of 
the  hand*;  employed  in  making  a  dressing  is  doubtful,  sterilized  india- 
rubber  gloves  should  be  uorn  ;  and  of  course  the  dresser  and  the 
person  assisting  him  should  carefully  avoid  carrying  infection  from 
a  septic  case  to  a  clean  one.  Before  the  wound  is  exposed,  and  before 
the  deeper  dressing  is  removed,  the  bedding  and  underclothing  should 
be  excluded  from  contact  with  the  wound  by  covenng  them  with  ster- 
ilized towels  or  rubber  sheeting.  The  patient's  hands  should  be  placed 
where  they  may  do  no  harm.  The  instruntents  to  be  used  should  have 
been  just  sterilized,  and  all  the  dressing-material  should  be  in  a  perfect 
condition.  Implements  of  all  kinds,  such  as  bowls,  irrigators,  syringes, 
etc.,  which  are  to  be  used  in  connection  with  tlie  dressing,  should,  of 
course,  be  absolutely  free  from  infection.  The  dressing  may  now  be 
removed,  the  wound  properly  attended  to,  such  sutures  as  have  sei^'ed 
their  purpose  removed,  and  all  skin  in  the  immediate  neighborhood  of 
the  wound-surface  thoroughly  cleansed.  J''or  this  purpose  hydrogen 
peroxid  is  admirable.  The  wound  should,  of  course,  be  carefully 
inspected  with  a  view  to  the  possibility  of  infectiun.  and  if  any  signs 
of  this  accident  present  themselves,  tlie  suspected  |X)rtion  of  wound, 
or  even  the  whole  of  it,  slmuld  at  once  be  laid  ojien,  and  treated 
according  to  the  condition  found.  As  a  rule,  aseptic  wounds  which 
have  been  very  completely  closed  require  a  change  of  dressings  at  the 
end  of  fort)'-eight  hours,  in  order  that  all  material  soiled  with  discharge 
of  blood  or  scrum  may  be  removed,  as  well  as  drainage- material. 
Frequently,  at  this  time,  heavy  supporting  stitches  may  be  advantage- 
ously cut.  Where  there  is  tension,  it  is  often  better  to  let  these  last- 
mentioned  stitches  remain  in  place  for  a  few  days  longer.  The  suture 
at  the  edge  of  the  skin  neetl  nut  be  disturbed  or<linarily  before  the 
sea'cnth  or  eighth  day.  In  the  dressing  of  such  open  wounds  as  have 
been  freely  packed,  irrigation  is  comparatively  seldom  of  value.  Dry 
cleansing  of  the  wound — that  is.  the  absorbing  of  all  fluids  by  means 
of  sterili7.ed  gauze  or  cotton — is  generally  to  be  preferred  to  irrigation 
with  fluid.  In  any  case,  all  irritating  fluids,  which  by  their  caustic 
efit'Cts  might  interfere  with  the  jjroduction  of  grarlulatioii-tissue,  are  to 
be  avoided.  If  a  fluid  is  required  for  mechanical  cleansing,  the  .<!afest 
material  is  normal  salt  solution.  Solutions  of  carbolic  acid  and 
bichlorid  of  mercury  are  rarely  desiralile,  Acluiilly  dead  material  had 
better  be  removed  with  scissors  at  unce.  A  ilressing  similar  to  that 
applied  at  the  time  of  operation  is  then  to  be  carefully  replaced.  It  is 
a  mistake  to  suppase  that  because  a  wound  has  become  infected,  and 
is  already  discharging  .septic  material,  it  cannot  therefore  be  injured  by 
soiled  hands  and  by  the  use  of  infected  materials.  No  wounds  require 
greater  care  than   open   septic  ones,  and  if  the  surgeon  desires,  as 
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he  must,  to  bring  them  as  rapidly  as  possible  to  a  condition  nearly 
approaching  asepsis,  he  must  treat  them  with  as  great  attention  to 
aseptic  detail  as  is  possible  under  the  circumstances. 

The  Operation. — The  manner  in  which  the  various  items  of  the 
aseptic  surgeon's  paraphernalia  must  be  prepared  has  now  been  given 
in  detail,  and  it  only  remains  to  consider  how  they  may  be  brought 
together  and  utilized,  so  as  to  be  effective  in  producing  an  aseptic 
result.  Proper  preparations  for  the  aseptic  operation  are  absolutely 
essential,  and  scarcely  less  important  are  the  system  and  manner  ctf 
making  use  of  the  articles  prepared.  Carelessness  in  regard  to  the 
latter  point  may  entirely  destroy  the  value  of  the  former,  for  in  the 
course  of  an  operation  a  single  neglect  of  the  clearly  defined  rules  of 
aseptic  manipulation  may  render  valueless  all  the  precautions  that  were 
previously,  and  are  subsequently,  observed.  The  one  general  rule 
must  be  that  no  object,  be  it  hand,  arm,  instrument,  sponge,  or  ligature, 
which  is  to  come  in  contact  with  the  field  of  operation,  shall,  even  on  a 
single  occasion,  touch  any  other  object  which  is  not  positively  knoun 
to  be  in  a  sterilized  condition.  To  observe  this  rule  requires  only  con- 
viction on  the  part  of  every  person  concerned  in  regard  to  its  impor- 
tance, for  if  the  conviction  exists,  habit  of  observing  it  is  ra|xdly 
acquired. 

It  is  convenient  to  begin  with  an  operation  done  in  an  ordinary 
house,  where  previously  no  special  arrangements  suitable  for  operation 
have  existed.  The  room  selected,  if  the  operation  is  to  be  done  by 
daylight,  should,  if  possible,  be  one  well  lighted  by  at  least  two  win- 
dows on  the  north  side,  as  direct  sunlight  is  dazzling  and  confusii^. 
It  is  convenient  to  arrange,  if  possible,  that  the  room  selected  for  oper- 
ations shall  communicate  immediately  with  another  room,  in  which  the 
patient  may  be  anesthetized,  and,  if  possible,  a  bath-room  with  hot  and 
cold  water  should  be  close  at  hand.  Formerly,  it  was  considered 
necessary  that  the  operating  room  should  be  made  entirely  bare  oi  fur- 
niture, hangings,  pictures,  carpets,  etc.  Of  course,  when  such  prepara- 
tion of  a  room  was  made,  it  was  necessary  to  begin  the  preparations  at 
least  two  days  beforehand.  After  the  room  had  been  completely 
stripped  of  furniture,  it  was  dusted  and  washed,  and  all  the  woodwork 
rubbed  with  swabs  wet  in  a  carbolic-acid  solution.  Even  the  floor  was 
treated  in  the  same  manner.  These  preparations  were  required  on  the 
theory  that  ordinary  dust  was  a  very  important  carrier  of  infection  to 
wounds,  and  that  not  only  must  every  particle  of  dust  be  removed 
from  a  room,  but  every  object,  as  well,  which  might  serve  as  a  resting- 
place  for  dust  settling  at  a  later  period  from  the  atmosphere.  It  is 
generally  acknowledged  now  that  too  much  regard  has  been  paid  to 
the  elementof  dust,  and  that  while  it  was  very  desirable  that  operations 
should  be  conducted  in  a  clean  atmosphere,  dust  which  is  at  rest  on 
objects  in  a  room,  and  which  is  not  disturbed  in  the  course  of  an  oper- 
ation, is  not  liable  to  do  injurj'.  All  unnecessary  furniture  had  better 
be  removed,  as  it  obstructs  walking  space,  and  is  likely  to  be  touched 
or  moved  during  the  operative  work.  Loose  hangings  which  obstruct 
light,  and  which  have  the  same  objection  that  unnecessary  furniture 
has,  should  also  be  taken  down.  Carpets  and  rugs  may  be  left  in 
place.  pro\ided  only  that  they  are  cohered  with  clean  linen  or  cotton 
in  such  a  manner  that  any  dust  which  lies  upon  them  shall  not  arise 
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into  the  air  Any  piece  of  furniture  which  remains  in  a  roum.  and 
which  is  hkcly  to  hart)or  loose  dust,  should  al^so  be  properly  covcretl. 
The  operating  tabic  may  be  of  the  simplest  possible  description. 
An  ordinary  wooden  table,  5k  to  6  feet  louj^,  of  a  convenient  height, 
and  with  strong  legs,  is  quite  suitable,  lliis  should  be  well  covered, 
first  with  blankets  for  comfort,  then  with  rubber  sheeting  to  prevent 
wetting,  and  finally,  over  all.  with  a  perfectly  clean  linen  or  cotton 
sheet.  Other  tables,  two  or  three  in  number,  covered  also  with  clean, 
freshly  laundered  material,  are  reqiiired  for  bowls  and  pitchers,  instru- 
ments, sponges,  etc.  Before  the  instrument  trays  and  bowls  for  spcmges 
have  been  arranged  upon  the  tables,  the  latter  should  be  finally  covered 
with  sterilized  wet  towels.  These  tables  should  be  placed  in  convenient 
relationship  to  the  operating  tabic,  and  be  so  placed  about  it  that  arti- 
cles upon  them  can  be  readily  reached,  and  yet  so  that  they  slialt  not 
interfere  with  freedom  of  motion  or  with  the  entrance  of  light.  A  good 
supply  t)f  sterile  water  must  be  at  hand,  and  this  can  be  prepared  in 
the  kitchen  or  laundr)'  by  boiling  ordinary  water  in  a  clean  boiler, 
which  is  to  be  brought  to  the  operating  room  long  enough  beforehand 
to  permit  it  to  cool  off  to  a  rca.sonable  temperature.  It  is  convenient, 
also,  to  have  a  supply  of  cold  sterile  water,  which  can  be  prepared 
some  hours  before  the  operation  by  boiling,  or  can  be  readily  purchased 
in  the  form  of  distilled  water,  a  good  sample  of  it  being  known  as 
Hygeia  Water.  Of  course,  neither  hot  nor  cold  sterile  water  should 
be  exposed  to  settling  dust  until  the  time  for  operation  arrives.  In 
private  houses,  wet  sterilized  towels  are  readily  prepared  by  boiling  a 
desired  number  for  a  half-hour  in  a  1  per  cent,  .sodium-carbonate  .solu- 
tion. Before  boiling,  these  towels  had  better  be  thrust  into  a  cotton 
bag  or  wrapped  in  a  clean  sheet,  so  that  the  whole  bundle  may  be 
boiled  at  once  and  easily  lifted  out  in  a  mass.  From  the  enveloping 
sheeting  they  may  be  dropped  into  a  previously  sterilizcti  bowl,  from 
which  they  may  be  taken  with  gloved  hands  or  with  a  clean  pair  of 
forceps,  one  at  a  time,  as  required.  The  patient  should  be  anesthetized 
in  a  separate  room,  in  order  that  the  operating  room  may  be  entirely 
at  the  disposal  of  nurses  and  assistants  up  lo  the  time  of  operation.  It 
is  undesirable,  also,  that  the  patient  should  see  the  preparations  that 
have  been  made.  The  general  look  of  an  ojierating  room  has  upon 
some  patients  a  very  undesirable  effect.  The  patient  is  now  to  be  car- 
fled  to  the  operating  room  on  a  suitable  stretcher,  hands  and  arms 
alone  not  being  satisfactory  for  this  purpose. 

A  paruble  »trHch«  for  u!i<  in  privaie  houie^  ha*  b««n  drvued  by  the  writer  Tt  consiiu 
of  Iwu  very  light  sin^nd  1  half  UmX  lubulat  rods  of  alnminmn.  Thew  %n  hinged  in  the 
niddle.  *n  thai  ihr  Ipiij^th  of  tlie  MrvlrHrr  nuy  he  Hlniini<tliH  hy  or.r  balf  for  convmirnce  in 
cmrryinfi;.  Wlieii  at  full  lent<(h.  ihc  mhuUr  rod*  aire  f«*teiied  tuiijellier  by  a  traD»vei>e  une  at 
etiher  rnd.  thr^e  imntven*  nuK  lieiit^  muvable.  The  bei)  fif  the  ^irrtcher  is  funned  by  a 
MniDg  piece  of  oiirras.  The  whole  apparaiuk  can  be  folded  in  the  taiddlc  and  then  rolled 
ap,  so  a»  lu  make  a  nmall  and  li)>liil  biiiMlLe, 

The  patient  having  been  put  upon  the  operating  table,  and  all  parts 
tliat  nee<l  not  be  exposed  being  warmly  covered,  thin  rubber  sheetings 
should  be  spread  over  all  excepting  Che  operative  field.  These,  of 
course,  arc  so  arranged  as  to  prevent  unnecessary  wetting.  Over 
these  rubber  sheetings  numerous  wet  sterilized  towels  should  be  so 
arranged  that  nothing  but  the  operative  field  remains  exposed     If 
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any  position  other  than  the  dorsal  recumbent  one  is  desired,  it  can 
readily  be  secured  by  lifting  the  head  or  foot  of  the  table  as  required, 
or  by  the  use  of  a  number  of  pillows  suitably  covered.  The  final  ster- 
ilization of  the  operative  field  should  now  be  made,  and,  -last  of  all, 
every  hand  that  is  to  be  employed  must  be  surgically  clean.  In  this 
connection,  the  value  of  rubber  gloves  may  be  again  referred  to,  for  a 
pair  which  has  been  employed  in  the  final  arrangement  of  the  patient 
and  his  clothing  may  now  be  replaced  by  one  that  is  absolutely  sterile. 
Each  individual  should  have  his  special  duties  assigned  to  him,  for  with- 
out system  and  order  in  manipulation,  it  is  impossible  to  preserve  the 
rules  of  asepsis.  Especially  in  private  work,  the  fewer  hands  that  are 
allowed  to  come  in  direct  or  indirect  contact  with  the  wound,  the  less 
likelihood  is  there  that  the  aseptic  technic  will  be  broken. 

The  instrument  table  should  have  upon  it  suitable  trays  containing 
a  I  per  cent,  solution  of  sodium  carbonate,  properly  sterilized  by  boil- 
ing, in  which  the  instruments  may  lie  immersed.  Every  instrument  that 
is  at  all  likely  to  be  needed  should  be  ready  for  instant  use,  so  that  there 
may  be  no  sudden  opening  of  any  unsterilized  packages,  a  performance 
which  always  ends  in  confusion.  Upon  the  same  table  should  be  traj's 
containing  the  ligatures  that  are  to  be  used,  which  had  best  He  in  pure 
alcohol.  The  sponges  and  pads  should  be  upon  a  separate  table,  either 
in  sterilized  bowls  or  wrapped  in  wet  sterile  towels.  At  least  two  bowls 
should  contain  several  quarts  of  hot  sterile  water,  or,  better  still,  hot 
normal  salt  solution.  Several  pitchers  of  the  same  fluid  should  also  be 
at  hand. 

When  operations  are  to  be  done  about  the  face  and  neck,  the  scalp, 
including  all  the  hair,  should  be  protected  from  wetting  by  means  of  a 
rubber  cap,  which  also  prevents  long  hair  from  getting  into  the  field  of 
operation.  This  rubber  cap  should  be  carefully  covered  with  a  sterile 
towel  as  an  additional  precaution  against  infection. 

If  the  peritoneal  region  i.s  the  seat  of  operation,  the  legs  and  feet  also 
should  be  covered  with  sterile  towels,  as  these  parts  are  likely  to  come 
in  contact  with  the  operator.  Similar  care  should  be  taken,  of  course, 
when  other  regions  are  to  be  operated  upon,  and  especially  must  the 
po.sition  of  the  patient  not  be  changed  without  due  precautions  in  regard 
to  the  uncovering  of  unsterilized  parts.  Incisions  should  be  clean  cut, 
and  should  be  made  with  reference  to  the  anatomical  arrangements  of 
the  parts,  bearing  in  mind  the  function  of  the  adjacent  muscles  and 
joints  and  also  the  desirability'  of  avoiding  undue  tension  when  the  time 
comes  for  suturing  the  wound-edges.  Dissections  should  be  made,  as 
a  rule,  witli  sharp  knives  and  .<icissors,  and  not  with  blunt  instruments 
and  fingers.  The  more  delicately  and  anatomically  tissues  are  divided 
and  separated,  tlic  less  likely  is  necrosis  of  tissue-fragments  to  follow, 
and  the  fewer  will  be  the  unmanageable  dead  spaces  and  displaced 
muscular  planes.  Hemorrhage  should  be  carefully  attended  to  as  the 
o]K.Tation  proceeds,  first,  in  order  that  as  little  blood  as  possible  maybe 
lest,  for  great  loss  of  blood  is  a  decided  invitation  to  sepsis,  and,  sec- 
ondly, that  each  succeeding  step  in  the  operation  may  not  be  rendered 
more  difficult  by  the  oozing  caused  by  tlic  preceding  one.  Not  only  is 
the  wound  itself  to  be  kept  constantly  free  from  fluid  and  clotted  blood, 
but  the  hands  of  the  operator  and  assistants  should  be  frequently 
washed  off  in  a  sterile  solution.     Instruments,  also,  which  are  being 
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used  should  be  frequently  washed  and  kept  clean.  It  is  often  desirable, 
during  the  progress  of  the  operation,  completely  to  clear  away  fluid  and 
clotted  blood.  This  can  be  done  with  sponges,  and  also  by  liberally 
pouring  into  the  wound  iiot  nomiul  salt  solution.  This  preparation 
clears  away  blood  very  thoroughly  and  does  not  irritate  tiie  most  deli- 
cate tissue.  It  is  desirable,  in  short,  th.at  the  surface  of  the  wound,  tlie 
hands,  the  instrtiments,  and  even  the  surrounding  skin,  should  be  kept 
as  clean  as  possible — that  is,  free  from  fluid  and  dried  blood — through- 
out the  whole  course  of  the  operation.  The  sterilized  towels — which 
from  time  to  time  become  .soiled — should  be  constantly  replaced  or 
covered  by  fresh  ones.  A  final  cleansing  of  the  wound  is  to  be  made 
just  before  the  suture  is  appHed,  linried  sutures  of  catgut,  preferred 
because  of  their  absorbability,  should  be  applied  to  replace  divided  tis- 
sues, as  far  as  possible,  in  their  nonnal  position,  but  this  rule  should  not 
tempt  the  sui^eon  to  subject  the  parts  sutured  to  loo  great  tension. 
The  points  where  drainage  will  be  most  eflficicnt  or  important  will 
rapitlly  define  themselves.  Small  and  superficial  spaces  can  generally 
be  quite  satisfactorily  drained  with  strips  of  thin  gutta-percha  tissue. 
Large  spaces  that  arc  specially  liable  to  bloody  accumulations  had 
better  be  drained  by  a  tube,  and  wounds  which  cannot  be  properly 
closed  at  all,  or  only  in  part,  are  drained  in  a  |x:rfect  manner  by 
means  of  greater  or  less  quantities  of  sterilized  gauze.  All  wounds 
should  have  an  abundant  dressing  placed  over  them,  the  deepest  portion 
of  which  .should  consist  of  masses  of  sterilized  gauze,  tlioroughly  cov- 
ered with  sterile  absorbent  cotton.  These  thick  masses  of  external 
dressing  keep  underlyinj;;  flaps  In  place,  close  empty  spaces  by  pressure, 
prevent  oozing,  and  protect  against  e.\terniil  injury.  Over  the  dressing, 
binders  or  bandages  are  to  be  firmly  applied,  in  order  that  the  parts  that 
have  been  oixratcd  upon  may  have  as  complete  rest  as  possible.  When 
the  limbs  have  been  0|>eratcd  upun.  splints  placed  over  the  outer  dress- 
ings are  often  very  valuable.  After  the  wound  has  been  closed  and 
properly  dres^sed,  the  patient  should  be  carcfullj'  removed  from  the 
table  to  his  bed,  wet  clothing  remo^■ed.  and  ilry  blankets  wrapped  about 
him.  If  stimulation  seems  required,  it  may  be  given  at  once  by  the 
rectum,  and  a  hypodermic  injection  of  morphin  Is  often  also  found  very 
desirable.  External  heat  applied  by  means  of  hot-water  bottles  is  to  be 
carefully  avoided.  In  the  fir.st  place,  many  serious  accidents  by  burning 
with  hot-water  bottles,  wliile  pa(irnt?<  have  l>een  unconscious  fr<mi  the 
continued  effects  of  the  anesthetic,  have  occurred  ;  anti  in  the  second 
place,  there  is  no  evidence  whatever  that  external  heat  applied  in  this 
manner  ever  did  any  good.  Should  the  patient  be  sufficiently  anemic 
from  loss  of  blood  to  suggest  the  ncccssit\-  for  a  rapid  application  of 
heat,  all  the  Indications  can  be  best  met  b}'  an  immediate  infusion  of 
hot  salt  solution  into  a  vein.  The  first  dressing  of  the  ast;plically-made 
wound  is  to  be  undertaken  according  to  diflerent  indications.  Oozing 
of  blood  to  such  a  degree  as  to  stain  the  dressings  through  at  any 
point  calls  for  an  immediate  change  of  drcssing-matcriaLs.  As  a  rule, 
the  first  change  of  dressings  is  to  be  made  on  purpose  that  drainage- 
materials  may  be  taken  away,  as  they  will  rarely  be  required  after  the 
la}>se  of  a  few  hours;  but  since  it  is  often  uncomfortable  for  a  patient  to 
have  his  dressings  disturbed  un  the  day  following  operation,  this  Srst 
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dressing  may  be  conveniently  made  on  the  second  day.  Of  course,  in 
many  cases,  as  in  resections  of  joints,  it  is  desirable  to  avoid  any  hand- 
ling of  the  parts  involved,  and  in  such  cases  the  dressings  are  often  left 
undisturbed  for  a  period  varying  from  one  to  two  weeks,  especially 
when  they  are  covered  with  plaster  of  Paris  or  other  fixed  material 

Wounds  which  the  surgeon  expects  to  treat  in  the  manner  just 
referred  to — that  is,  with  an  occlusion  dressing  which  will  probably  not 
be  disturbed  for  a  prolonged  period — should  be  closed  with  catgut 
sutures,  and  even  the  bone  suture,  as  in  case  of  resection  at  the  knee, 
should  be  of  heavy  catgut.  In  other  words,  a  foreign  material  left  in 
the  wound  should,  if  possible,  be  absorbable.  Even  drainage-tubes 
should  be  made  of  decalcified  bone.  It  is  often  more  convenient,  how- 
ever, and  amply  sufficient  to  use  as  drainage-material  strips  of  thin 
gutta-percha  tissue,  such  as  have  already  been  referred  to.  These  may 
be  left  undisturbed  in  a  wound  for  several  weeks  without  causing 
injury,  and,  when  finally  removed,  they  leave  no  sinus  behind  them,  or, 
at  least,  the  narrow  track  which  contains  such  strips  heals  with  the 
greatest  facility. 

The  details  to  be  observed  in  making  changes  of  dressings  have 
already  been  described.  Signs  indicating  that  infection  of  the  wound 
has  occurred  would,  of  course,  suggest  its  immediate  inspection,  in 
order  that  such  steps  may  be  taken  as  the  character  and  extent  of 
infection  may  indicate.  The  fact,  however,  that  some  fever  is  noted  on 
the  day  after  operation  is  by  no  means  a  reliable  indication  that  infec- 
tion has  happened,  for  most  patients  within  twenty-four  or  thirty-six 
hours  after  operations  have  some  rise  of  temperature  due  to  the  rajnd 
absorption  of  wound-fluids,  although  these  are  perfectly  aseptic.  The 
general  appearance  of  the  patient,  the  character  of  his  pulse,  and  the 
character  and  extent  of  his  wound-pain  will  usually  enable  one  to 
decide  whether  a  moderately  febrile  condition,  within  a  day  or  two 
after  operation,  indicates  wound-sepsis  or  not.  If  on  removal  of  the 
first  dressing  it  is  found  that  infection  of  a  wound  is  present,  sutures 
should  be  at  once  divided,  the  wound  opened  to  as  great  an  extent  as 
seems  called  for,  thoroughly  cleansed,  and  widely  drained  by  complete 
packings  with  gauze.  If  at  the  first  dressing  the  wound  is  found  to  be 
in  an  aseptic  condition,  drainage-material  is  to  be  removed,  such  sutures 
as  arc  no  longer  necessary  cut,  and  a  fresh  dressing  applied,  which  need 
not  again  be  disturbed  until  the  time  comes  for  the  further  removal  of 
sutures. 

If  at  the  first  dressing  or  at  any  subsequent  period  the  wound  is 
found  to  have  become  infected,  the  attention  of  the  surgeon  should  be 
at  once  directed  to  bringing  it,  as  soon  as  possible,  to  a  perfectly  clean 
condition.  Small  drainage-openings  made  at  one  or  two  points  through 
the  suture-line  are  rarely  anything  but  disappointments.  A  small 
opening  made  into  a  more  or  less  widely-suppurating  tract  relieves 
tension  but  very  slightly,  and  almost  never  permits  the  wound  to 
become  free  from  infection.  As  a  rule,  to  which  of  course  there  are 
some  exceptions  on  account  of  special  reasons,  infected  areas  are  to 
be  very  widely  opened  as  soon  as  their  existence  is  su.spected.  By  far 
the  most  important  point  in  their  treatment  is  the  complete  relief  of 
tension. 
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Followinfj  this  stq),  provision  should  be  made  for  the  most  rapid 
possible  remo^'al  by  drainage — capillarj'-drainagc  by  gauze  packings  is 
the  best — of  every  drop  of  unhealthy  discharge  from  the  infected  sur- 
face of  the  wound.  When  an  acLively-secreting^  wound  is  packed  with 
dr)'  gauze,  the  secretions  are  at  once  absorbed  by  the  fiber  of  this 
material.  This  process  will  go  on  in  each  instance  with  perfection  and 
rapidity  until  the  packing  has  become  saturated  and  can  absorb  no 
more,  or  until  its  outer  surface  has  become  partially  dried,  and  so  the 
process  of  absorption  is  interfered  with.  The  moment  the  secretions 
cease  to  be  removed  from  the  wound-surface  with  rapidity  and  com- 
pleteness, the  wound  begins  to  suffer,  and  often,  too,  the  individual ; 
and  if  examined  at  such  a  time,  all  processes  of  repair  will  be  seen  to 
have  become  much  less  active  than  they  were.  It  is  evident,  therefore, 
that  drainage-material  which  hxs  been  packed  into  a  wound  should  be 
replaced  by  fresh  gauze  as  soon  as  it  has  become  saturated,  or  before 
that  moment,  if  one  would  have  the  wound  rapidly  brought  to  a  state 
of  perfection.  Infected  wounds  which  have  been  treated  by  gauze- 
drainage  should  have  their  dressings  changed  more  or  less  frequently, 
according  to  the  amount  of  discharge.  After  a  wound  has  been 
opened  on  account  of  acute  infection,  and  before  it  is  packed,  mechan- 
ical cleansing  of  some  sort  should  be  adopted,  all  discharges  should  be 
wiped  away,  loose  sloughs  and  necrotic  tissue  removed  with  the  scis- 
sors, and  general  cleansing  of  every  portion  of  the  wound  be  made 
with  some  suitable  solution. 

Formerly,  dependence  was  largely  placed  at  this  stage  in  wound- 
treatment  upon  the  vigorous  use  of  chemical  antiseptics,  such  as  car- 
bolic-acid and  bichlorid-of-mcrcury  solutions.  It  is  doubtful  whether 
preparations  of  this  character  have  any  especial  value  when  applied  to 
acutely  infected  wounds.  While  thc>'  mechanically  cleanse  by  washing 
away  secretions,  just  as  any  other  solution  would  do,  they  certainly 
cause  some  necrosis  of  granulating  tissue,  and  to  that  extent  interfere 
with  natural  processes  of  repair.  Neither  is  it  i>os.sibli'  by  the  use  of 
such  antiseptic  fluids  completely  to  destroy  infection  after  it  has  once 
occurred.  Normal  salt  solution  used  as  a  douche  cleanses  the  wound- 
surface  and  wa.shes  away  secretions  without  having  any  harmful  effect. 
Such  a  mechanical  cleansing  may  be  followet!  by  the  free  application 
of  hydrogen  peroxid,  which  by  chemical  combination  breaks  up  and 
destroys  such  portions  of  the  secretions  as  have  not  been  already 
washed  away.  The  wound  is  thus  brought  into  as  clean  a  condih'nn 
as  is  possible  under  the  circumstances,  and  is  then  to  be  packed  thor- 
oughly, although  not  lightly,  with  iodoform  or  plain  sterilized  gauze, 
as  the  surgeon  may  prefer.  If  carefully  attended  to  and  often  enough 
dre-ssetl,  infected  wounds  are  frecjuentty  rendered  so  clean  and  su  free 
from  discharge  within  a  brief  j>eriod,  that  their  edges  may  safely  be 
brought  together  by  compression  and  allowed  to  unite.  If  the  sur- 
geon operates  and  dresses  his  wound  with  naked  hands,  he  should  be 
especially  careful  in  regard  to  cleansing  his  hands  immcdiatdy  after 
the  operation  or  dressing,  for  blood-stains  and  infectious  material  cling 
to  the  skin  with  great  tenacity  after  they  have  once  become  dry.  A 
few  drojis  of  aqua  ammonite  added  to  the  water  in  which  the  hands  are 
washed  renders  the  removal  of  blood  and  other  discharges  extremely 
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easy.  A  great  advantage  attaching  to  the  use  of  rubber  gloves  in 
operations  is  that  the  character  of  one  operation  or  dressing  has  no 
influence  in  determining  the  success  or  failure  of  the  next  one. 

Operating  Rooms  and  Fumitore. — Rooms  such  as  are  found 
in  hospitals,  which  are  especially  constructed  and  arranged  for  that 
purpose,  may  be  divided  into  two  classes — those  which  are  intended 
for  operations  without  spectators,  and  larger  operating  rooms  or  oper- 
ating theaters,  which  are  especially  arranged  for  the  purposes  o{ 
demonstration.  In  both  instances  the  essential  features  are  suitable 
light,  perfect  cleanliness,  and  convenience  of  arrangements.  Direct 
sunlight  is  dazzling,  and  therefore  objectionable.  A  clear  north  light 
is  best,  and  this  should  be  supplemented  by  abundant  light  from  over- 
head. In  the  smaller  rooms,  where  spectators  are  not  expected  to  be 
present,  light  coming  from  various  directions  is  often  advantageous. 
The  construction-material  of  operating  rooms  should  be  selected  chiefly 
with  a  view  to  cleanliness,  the  color  being  largely  a  matter  of  taste, 
although  this  also  has  a  bearing  upon  illumination.  The  walls  and 
floors  should  be  of  materials  that  do  not  absorb  fluids,  in  order  that 
they  may  be  washed  with  great  thoroughness  and  frequency  without 
injury,  and  because  such  materials  also  do  not  become  offensive  to  the 
eye  by  receiving  and  holding  stains.  Floors  made  of  asphalt  are 
objectionable  because,  while  they  can  be  readily  washed,  they  are 
equally  readily  stained,  and  arc  also  very  ugly  and  unsuited  in  appear- 
ance to  the  neat  fittings  of  an  operating  room. 

Floors  may  well  be  made  of  thoroughly  seasoned  wood,  of  marble 
mo.saic,  or  even  of  glass.  Mosaic  floors  arc  especially  suitable,  as  they 
can  be  rubbed  down  with  stone  and  sand,  and  so  be  kept  exceptionally 
clean ;  besides,  they  are  very  agreeable  to  the  eye.  A  thoroughly 
well-built  wooden  floor  is,  however,  entirely  satisfactory.  Floors 
should  be  constructed  in  such  a  manner  that  their  surfaces  incline 
slightly  toward  the  center  or  toward  several  different  points,  at  which 
a  proper  perforated  drain-opening  should  be  placed.  Free  use  of 
water  is  thus  not  restricted  by  any  diflficulty  in  its  removal.  Walls 
may  be  of  marble,  glass,  wood,  hard  pla.ster,  or  iron.  The  three  last 
materials  require  painting,  preferably  with  a  material  of  the  nature  of 
enamel,  so  that  washing  and  rubbing  may  be  generously  indulged  in. 
The  ceiling  should  also  be  hard  and  well  painted,  and  both  walls  and 
ceiling  free  from  mouldings  and  other  irregular  surfaces  such  as  permit 
of  dust-accumulations.  Where  the  walls  join  the  ceilings  and  floors 
no  .sharp  angles  or  corners  should  be  left.  These  lines  of  union  should 
be  filled  in  and  rounded  off  in  curves.  Rooms  constructed  in  this 
manner  can  be  washed  and  cleansed  at  every  point  with  great  rapidity 
and  thoroughness.  Fixed  washstands  with  an  abundant  supply  of  hot 
and  cold  water  should  be  placed  at  a  convenient  point,  and  should  be 
made  of  materials  such  as  marble,  which  do  not  absorb.  Ingenious 
arrangements  for  turning  water  on  and  off  by  means  of  foot-pressure 
are  not  necessary,  as  ordinary  faucets  can  be  handled  without  breaking 
the  rules  of  aseptic  technic  with  the  Intcn-'ention  of  a  sterilized  towel 
or  a  sheet  of  sterilized  gauze.  Light  colorings  in  operative-room  con- 
struction have  a  great  advantage  that  is  at  once  appreciable. 

The  furniture  of  an  operating  room  may  be  made  of  hard  wood 
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with  glass  tops,  but  is  better  made  of  iron  and  glass.  AH  iron  material 
should  be  painted,  preferably  white,  to  avoid  rust.  An  operating  tabic 
witli  flat  top  is  available  for  ajjerations  of  almost  every  description, 
different  positions  being  given  li>  the  patient  by  a  proper  arrangement 
of  suitably  shaped  pillows  with  sheet  rubber. 

Tables  especially  arranged  with  a  central  drainage-ofiening,  and 
with  a  view  to  altering  the  position  of  the  patient  in  any  desired  man- 
ner, arc  preferred  by  numy  surgeons. 

The  aecompiinying  illustration  (Fig.  58^  represents  the  be.st  type 
of  table  of  the  kind  last  referred  to.     The  framework  is  of  iron  painted 
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Fig.  58.— Operaling  tabic. 

while.  The  toj)  is  made  of  glass,  and  is  divided  into  three  sections, 
one  for  the  head,  one  for  Ihc  trunk,  and  one  for  the  feet.  The  head 
and  foot  pieces  arc  attached  to  the  central  portion  by  hinges.  The 
center  table  is  divided  hy  a  longitudinal  slit  to  provide  for  drainage. 
Attached  to  the  under  surface  of  the  top  of  the  table  is  a  large  metal 
jwn  to  catch  all  draina,ge-fluids.  This  pan  can  be  readily  emptied  and 
kqrt  clean.  By  means  of  a  crank  movement  the  patient  can,  with  the 
exercise  of  ver>'  little  power,  be  placed  in  almost  any  position. 

Generally,  the  less  complicated  in  construction  an  operating  table 
is,  the  better.  Instrument  tables,  and  tables  for  the  pails  containing 
sponges,  and  the  trays  containing  ligatures  or  sutures  may  also  be 
made  of  wood  and  glass,  or  of  iron  and  glass. 

These  should  all  be  movable,  in  order  that  their  positions  may  be 
altered  to  suit  the  convenience  of  tJie  operator  and  the  nature  of  the 
operation.  Evcr>'  oj^erating  room  should  have  immediately  at  hand, 
cither  in  the  room  itself  or  in  another  one  adjacent,  a  lioiler  for  the 
sterilization  of  instruments.  This  may  be  needed  at  any  moment  dur- 
ing the  course  o^  an  operation,  in  order  to  resterilize  instruments  acci- 
dentally infected,  or  to  sterilize  those  which  have  been  suddenly  called 
for  from  the  general  case.     Sterilizing  apparatus  for  towels  and  dress- 


h. 


distant  for  convenience.     The  day  has  gone  by  for  the  use  of  expen- 
sive and  complicated  irrigation  jars  and  other  douching  .'ij>p.'trattis,  such 

fluids  as  are  used  bttng  handled  more 
conveniently  and  in  a  more  cleanly 
manner  by  the  aid  of  pitchers  and 
lass  flasks.  These  are  always  to  be 
illed  with  freshly  prepared  fluid,  cold 
and  hot,  before  an  operation  be(*tns. 
In  that  way.  their  porfL-ct  steriliza- 
tion cm  be  guar.intecd.  Long  india- 
rubber  tubes  for  irrigating  purposes, 
fountain  .syringes,  and  all  hanging 
apparatus  of  a  similar  kind  are  ob- 
jectionable on  account  of  the  likeli- 
hood of  infection  and  the  difficulty 
of  sterilization. 

The  general  instrument  ca.se  may 
be  in  the  operating  room,  or  not,  ac- 
cording to  convenience  and  the  size 
of  the  building.  It  is.  of  course, 
better  that  there  should  be  a  spe- 
cial (;oom  for  the  continual  storing 
of  instruments.  Splints,  blankets, 
plaster  band:igcs,  and  all  materials 
that  are  liable  to  harbor  dust  and 
are  not  readily  sterilized  should  be 
excluded  from  the  operating  room 
until  the  moment  when  they  are 
needed. 
It  is  well  to  have  two  or  three  benches  made  of  wood,  of  difTerent 
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heights,  upon  which  the  operator  may  stand  whenever  he  wishes  to 
change  his  relation  to  the  patient  by  raising  or  lowcrinp;  himseh".  If 
fixed  waiihstands  urc  set  at  some  little  distance  from  the  operating  table, 
some  arr.mjjement  should  be  m-'ntc  so  tlwit  tht;  opcratur  m;iy  at  ;my 
moment  turn  frnm  the  table  and  cleanse  lils  liancls  of  blood  or  otlier 
fluids  in  a  sterilized  solution.  A  small  table.  su[)porling  a  howl  filled 
with  sterile  salt  solution  which  can  be  frequently  changed,  will  serve 
the  purpose,  or  a  special  iron  framework  bearing  a  bowl  made  for  the 
purj>ose  may  be  supplied, 

Ever>'  operating  room  should  be  provided  with  absolutely  satisfac- 
tory' artificial  light,  such  as  will  j>erfectly  take  the  place  of  daylight, 
if  the  day  happens  to  Ixr  a  dark  one.  or  if  an  operation  Ls  to  be  done 
after  daylight.  A  combination  of  electricitj*  and  pas  furnishes  an 
admirable  light  and  provides  against  all  accidents.  In  addition  to  the 
fixed  light,  which  should  be  directly  over  the  operating  table,  there 
should  always  exist  a  movable  light,  preferably  electric,  which  can  be 
held  by  an  assistant  so  as  to  illuminate  any  particular  region  or  cavity 
which  tile  iiprralfir  dt,'sires  to  insjjcct. 

Operating  Theaters. — Operating  rooms  that  are  intended  especially 
for  purposes  of  demonstration,  in  which  accommodation  for  a  consider- 
able number  of  spectators  is  required,  have  to  be  constructed  on  a 
somewhat  different  plan.  In  the  first  place,  the  illumination  of  such 
rooms  should  be  arranged  with  a  special  view  to  the  comfort  of  the 
s(»cctalors.  Kvery  intlividual  looking  at  an  object  sees  m«»st  perfectly 
when  the  rays  of  illumination  are,  as  nearly  as  possible,  [wrallel  %\ith 
the  line  of  vision.  All  light  which  enters  the  room  behind  the  object 
looked  at,  or  which  reaches  the  eye  of  the  spectator  more  or  less 
directly  from  the  side,  serves  only  to  diminish  the  power  of  vision. 
The  principjal  tight  in  an  ojKrrating  theater  should  therefore  come  from 
the  north  and  enter  the  room  just  above  and  behind  the  spectators. 
As  spectators  arc  naturally  looking  somewhat  downward  during  an 
0|>cratlon.  additional  light  may  be  let  in  from  above,  but  all  side-lights 
and  all  light  entering  from  behind  the  operating  space  should  be  rigidly 
excluded.  The  arrangement  just  recommended  is  not  the  most  agree- 
able for  the  operator,  but  it  serves  the  purpose  of  his  demonstration 
better  than  any  other.  Seats  for  spectators  should  be  arranged  upon 
an  inclined  plane,  the  angle  nf  which,  in  relation  to  the  horizontal, 
should  be  such  that  no  one  individual  can  in  any  way  interfere  with  the 
vision  of  another  sitting  behind  him.  No  accommodation  should  be 
provided  for  a  larger  number  nf  spectators  than  can  see  accurately 
cver>*  detail  of  the  operative  work.  The  floors  and  seats  of  the  audi- 
torium should  be  of  such  materials  as  can  be  perfectly  and  freely 
washed.  The  floor  may  be  of  asphalt  or  of  thoroughly  laid  and  shel- 
laced wood.  The  seats  should  be  of  wood,  that  being  the  only  male- 
rial  which  can  be  thoroughly  cleansed  and  which  is  also  comfortable  to 
sit  upon  for  any  length  of  time.  These  seats  should  be  supported  upon 
single  pillars,  or  otherwise  so  arranged  that  water  may  be  thrown  with 
a  hose  over  the  entire  floor.  If  dependence  for  cleansing  such  a  floor  is 
placed  upon  brooms  and  mops,  such  cleansing  will  certainly  be  imper- 
fectly done  and  will  also  be  exceedingly  labnrious  and  time-consuming. 
At  two  or  more  points  in  an  auditorium  water-pipes  should  open,  to 
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which  hose  can  be  attached,  and  thus  the  whole  floor  be  easily  and 
rapidly  washed.  Such  arrangement  necessarily  requires  a  provision  for 
drainage,  openings  for  which  should  be  placed  at  the  foot  of  the  inclined 
plane,  in  order  that  fluid  may  be  rapidly  carried  ofl"  as  soon  as  it  has 
reached  the  lower  edge  of  the  floor.  The  operating  space  should  be 
securely  walled  off  from  the  auditorium  proper,  in  order  that  no  indi- 
vidual may  be  tempted  to  pass  from  one  area  to  the  other.  This  seems 
to  be  absolutely  essential  in  order  to  preserve  complete  freedom  from 
contact  between  spectators  and  those  immediately  engaged  in  the 
operation. 

Special  care  must  be  taken  that  spectators  do  not  through  ignorance 
or  carelessness,  such  as  the  placing  of  their  feet  upon  the  edge  of  this 
dividing  wall,  contaminate  the  operating  space  and  the  things  contained 
in  it.  The  operating  space  should  be  arranged  in  a  somewhat  different 
manner  from  that  of  a  room  in  which  no  spectators  are  to  be  provided 
for.  It  should  be  as  small  as  the  convenience  and  rapid  working  of  the 
operator  and  his  assistants  will  permit  of,  for  the  larger  the  operating 
space,  the  more  distant  will  the  spectators  be  from  the  object  at  which 
they  are  looking.  The  smaller  the  space  the  nearer  are  the  spectators 
brought  to  the  operating  table.  Therefore,  provision  should  never  be 
made  for  the  performance  of  more  than  one  operation  at  the  same  time. 
Moreover,  the  attention  of  spectators  is  distracted  by  having  different 
pieces  of  work  going  on  simultaneously,  and  the  rules  of  asepsis  are 
very  likely  to  be  broken. 

The  tables  for  instruments  and  ligatures  must  be  movable,  and  are 
to  be  so  placed  as  not  to  interfere  with  the  vision  of  the  spectators. 
They  should  therefore  be  brought  more  or  less  to  the  rear  of  the 

operating  table ;  this  disposition  of 
them  forces  the  assistants  and 
nurses  in  the  same  direction,  thus 
leaving  the  interval  between  operator 
and  audience  entirely  unobstructed. 
As  the  operating  space  is  small,  and 
as  all  preparations  for  public  demon- 
strations are  naturally  carefully  made 
on  a  large  scale  before  the  time  for 
operation,  all  apparatus  not  indispen- 
sable to  the  proper  immediate  man- 
agement of  an  operation  should  be 
excluded  from  the  operating  room. 
Chairs,  unnecessary  tables,  boilers, 
and  all  such  appliances  are  out  of 
place  on  such  occa.sions. 

The  remaining  furniture  of  the 
operating  room  should  consist  of 
three  or  four  iron  stands  with  glass 
slielvcs  and  tops,  mounted  on  rollers 
to  admit  of  their  being  shifted  about  the  room.  These  stands  are  for 
instruments,  suture-trays,  towels,  etc. 

Any  extra  furniture,  such  as  wash-stands  or  shelves,  should  be 
placed  entirely  out  of  the  way  in  the  rear.     The  floor  of  the  operating 


Fig.  6i. — Iron  and  glass  table  for  dressing- 
materials. 
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space  may  be  of  any  suitable  material,  preferably  marble  mosaic,  which 
is  tion-:ib.sorbi]ig  and  is  verj'  readily  cteansed.  In  this  floor  there 
should  be  special  drainage-openings  toward  which  the  floor  must 
slightly  incline,  and  the  openings  should  be  placed  at  points  more  or 
less  distant  from  the  operating  tabic.  The  artificial-light  apparatus 
should  be  so  arranged  that  it  may  be  sw'ung  out  of  the  way  when 
nut  in  actual  Ui;c.  If  stationary  and  hanging  directly  over  the  oper- 
ating table  at  all  times,  it  serves  as  a  duit-accumulator  at  a  very  unde- 
sirable point.  If  deficiency  of  daylight  requires  that  the  apparatus  be 
swung  into  place  while  an  operation  is  going  on,  the  entire  operative 
area  should  be  carefully  covered  with  sterilized  towels  dining  this 
change.  Of  course,  strictly  speaking,  the  lighting  apparatus  should  be 
kept  as  clean  and  hcc  from  dust  as  any  other  piece  of  furniture. 

It  follows  from  this  description  of  an  operating  theater  that  other 
rooms  must  exist  in  inimediate  connection  with  it  for  the  storing  of 
instruments,  the  sicrili/ing  of  dressings,  the  washing  of  apparatus,  and 
far  the  preliminary  prejiarations  of  operator,  assistants,  and  nurses.  If 
an  operating  room  is  to  he  complete  in  cverj'  particular,  there  must  be 
in  close  connection  with  it  a  considerable  number  of  rooms,  all  of  which 
contribute  to  the  needs  of  the  openiting  room  itself  The  essential 
rooms  to  accomplish  this  pur])ose  may  be  enumerated  as  follows:  At 
least  two  etherizing  rooms,  lavjdory  for  surgeon  and  assistants,  instru- 
ment room,  room  fur  washing  instruments,  sterilizing  room  for  dress- 
ings, instruments,  and  water,  room  for  storage  of  dressings,  room  for 
the  preparation  of  dressings,  room  for  splints,  plaster  of  Paris,  and  rough 
materials  of  all  kinds.  Of  course,  acccyrding  to  the  amount  of  work 
done  in  an  operating  room,  and  according  to  the  possibilities  in  indi- 
vidual instances,  variations  in  the  number  and  arrangement  of  rooms 
may  easily  be  made.  For  instance,  instruments  may  be  stored,  washed, 
and  sterilized  in  the  same  room ;  bandages  and  tlressings  may  be  pre- 
pared, stored,  and  sterilized  in  ;inothcr  room,  and  a  single  etherizing 
room  will  answer  the  needs  of  any  but  a  very  active  scn'ice.  But  what- 
ever arrangement  of  room  is  made,  perfect  system  and  order  should 
be  maintained,  so  that  the  least  temptation  possible  may  exist  to  break 
the  rules  of  asepsis. 


CHAPTER    XII. 

OPERATIVE  AND  PLASTIC  SURGERY. 

Instnuuents. — Instruments  should  be  of  the  best  quality  and 
carefully  selected.  There  is  no  economy  in  buying  cheaper  instru- 
ments. Surgeons  should,  so  far  as  possible,  learn  to  work  with  simple 
tools.  Multiplicity  or  complexity  of  instruments  for  anygiven  opera- 
tion should  be  avoided.  All  instruments  should  be  made  entirely  of 
metal,  with  smooth,  plain  surfaces ;  and  all  jointed  instruments,  such 
as  clamps  or  scissors,  should  have  a  simple  pivoted  French  lock. 
Screw-joints  are  not  advisable,  as  instruments  having  them  are  not  easy 
to  clean.  For  all  ordinary  dissections,  what  is  known  as  a  simple 
dissecting-outfit  is  all  that  is  needed.  This  will  consist  of  knives, 
straight  and  curved  scissors,  two  pairs  of  toothed  dissecting-forceps 
(see  Fig.  62),  two  pairs  of  dissecting-forceps  without  teeth,  one  aneu- 


Fig.  63. — Toothed  dissecting-  or  artery-forceps. 

rysm-needle  or  Cleveland  ligature-carrier  {Fig.  63),  a  director  or  blunt 
cfissector,  plenty  of  hemostatic  or  artery-clamps  (Fig.  64),  and  some 
simple  form  of  retractor.  Special  operations  require  occasionally  spe- 
cial instruments,  the  choice  of  which  will  depend  on  the  operation  in 
hand. 

The  knives  for  ordinar>^  dissecting  should  be  of  medium  size,  light 
in  weight,  with  metal  handles,  and  with  a  moderately  tapering  blade 
(Fig.  65).  (Special  knives  are  considered  under  the  head  of  Amputa- 
tions, p.  329.) 

Forceps  should  be  strongly  made,  and  must  not  be  too  narrow  at 
the  points.  Those  with  two  teeth  are  preferable.  The  strength  of  the 
spring  can  be  varied  to  .suit  the  operator.  Artery-forceps,  known  as 
pressure- forceps  or  hemostatic  forceps,  are  all  modifications  of  the 
Spencer-Wells  clamp-forceps  (Fig.  64).  They  are  indispensable  in 
securing  blood-vessels  during  an  operation.  They  should  be  of  differ- 
ent sizes,  and  with  both  straight  and  curved  blades,  should  be  strongly 
made,  and  should  have  a  simple  pivot  lock. 
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Fic.  64. — Hcmotlatic  forcepi 

held  back,  but  should  be  so  constructed  as  to  inflict  the  least  (wssible 
amount  of  injurj"  to  the  parts.     Any  form  of  right-angtcd  blunt  rctmc- 
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tor  of  the  proper  size  may  tx  used  (Figs.  66  and  67),  but  those  with 
sharp  teeth  had  better  be  avoided. 
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Needles. — For  suturing  skin-flaps,  the  best  form  of  needle  is  a 

medium-sized  glover's  needle — a  straight  needle  with  triangular  cut- 


PlG.  66. — Small  right-angled  retractor. 

ting-edges.     In  place  of  this,  a  straight  lancet-pointed  or  surgeon's 
needle  can  be  used.     Hagedom  needles,  straight  or  one-half  curved. 


Fig,  67. — Retractor  for  deep  wounds. 

are  preferred  by  many  surgeons  for  plain  flap-sutures.  For  intestinal 
work,  ordinary  sewing-needles,  without  a  cutting-edge,  should  be  used 
These  may  be  straight  or  curved.  For  most  intestinal  work  the 
straight  needles  suffice,  but  in  some  deep  suturing  the  curved  are 
needed.  Curved  needles  are  often  useful  for  approximation  of  deep 
tissues,  muscles,  fascial,  tendons,  etc.  For  this  a  strong  curved  needle 
with  a  bayonet-point,  or  a  curved  Hagedorn,  is  best  In  small  needles, 
especially  of  the  intestinal  variety,  those  with  the  calyx  eye,  the  self- 
threading  type,  are  time-saving. 

Sutures  and  Ligatures. — Silk,  silkworm-gut,  and  catgut,  or  some 
form  of  animal  tendon,  are  the  chief  kinds  used  by  all  surgeons.  Silver 
wire  has  a  limited  use.  Ligatures  may  be  either  silk  or  catgut.  In 
aseptic  wounds  there  can  be  no  objection  to  silk.  It  can  be  readily 
sterilized  and  is  easily  handled.  In  septic  wounds  catgut  is  desirable, 
because  of  the  tendency  of  silk  to  cause  sinus-formation.  For  the 
approximation  of  deeper  tissues,  as,  for  instance,  in  hernia,  kangaroo- 
tendon,  or  animal  tendon  in  some  other  form,  makes  a  desirable 
absorbable  material.     For  the  suturing  of  skin-flaps,  silkworm-^t  is 
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the  ideal  substance.  It  is  non-absorbent,  non-irritating,  and  readily 
sterilized.  For  very  fine  skin-sutures  and  cs]>ecially  in  plastic  ojx-ra- 
lions  on  the  (ace,  sterilized  horsehair  will  be  most  suitable.  (For  the 
detailed  methods  of  sleriUzation  of  instruments,  ligatures,  and  sulure- 
matcrial,  see  pages  282,  2S3.) 

Technic  of  Dissection.— Operations  should  be  done  deliber- 
ately, and  should  be  governed  by  Hxed  principles.  The-  skin-incisions 
should  be  of  liberal  length  and  cleanly  niadc.  All  deep  dissections 
should  be  done  under  perfect  visual  control.  Hemorrhage  and  undue 
injury  to  the  tissues  should  l>e  avoided.  The  incision  sliould  be 
carried  downward,  layer  fnr  layer,  by  careful  strokes  of  the  knife. 
Blunt  dissection,  or  tearing  of  the  tissues  with  a  director  or  the  fingers. 


Fig.  68.— Knife  held  like  a  penhcrider. 


Fio.  69.— Knirc  held  like  a  vJoUn-bow. 


Fic.  70.— Tublc-kniie  pMilion. 

should  be  done  as  little  as  possible.  The  best  method  of  dissection  is 
that  of  cutting  between  two  forceps.  If  the  various  layers  of  tissue  are 
picked  up  by  two  forceps,  they  arc  put  on  the  stretch  and  the  vessels 
readily  seen. 

The  different  ways  of  holding  the  knife  are  shown  in  Figs.  68-70. 

The  skin-incision  can  be  made  freely  and  with  a  firm  hand ;  but  as 
the  dissection  advances  and  important  vessels  are  approached,  the 
knife  should  I>e  held  like  a  pen,  and  the  cuts  made  carefully  and 
entirely  with  the  point. 

Arrest  of  Bleeding;. — Hemostasis  should  be 
■       scrupulous  care  during  each  stage  of  the  operation- 
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ble,  vessels  should  be  double-clamped  with  pressure-forceps  before 
being  di\-ided.  All  bleeding  points  should  be  secured  with  hemostatic 
forceps.  Many  of  the  smaller  vessels  require  no  ligature  after  bein^ 
compressed  for  some  time.  Especially  is  this  true  of  the  vessels  in  the 
skin-flaps.  In  case  of  doubt,  it  is  a  safe  rule  to  ligatc  all  points  that 
have  been  caught  during  the  operation,  for  many  smail  vessels  which  do 
not  show  signs  of  bleeding  on  removing  the  artery-clamps  may  bleed 
when  the  reaction  from  the  operation  and  anesthetic  begins.  Torsion  of 
the  smaller  vessels  is  not  a  reliable  means  of  hemostasis.  In  certain 
instances  of  venous  oozing,  and  especially  in  operations  on  inflamed 
and  friable  tissues,  it  may  be  necessary  to  pass  a  ligature  in  a  curved 
needle  around  the  bleeding  spot  and  control  the  hemorrhage  by  con- 
stricting a  comparatively  large  area.  Many  cases  of  slight  general 
oozing  can  be  checked  by  temporary  pressure  with  gauze  pads,  or  by 
the  use  of  hot  sterile  water  or  salt  solution.  In  exceptional  cases, 
where  large  areas  of  inflamed  tissue  are  denuded,  it  may  be  necessary 
to  use  the  actual  cautery. 

THE   UGATURE  OF  ARTERIES. 

General  Principles. — In  doing  this  class  of  operations  it  is 
wise  to  adhere  strictly  to  the  rules  applying  to  the  particular  vessel, 
as  in  this  way  only  will  the  possibility  of  missing  the  vessels  be 
avoided  by  those  unfamiliar  with  the  operation.  In  applying  a  liga- 
ture to  large  vessels  the  proximity  of  important  branches  should  be 
avoided,  as  otherwise  the  formation  of  a  secure  thrombus  may  be  seri- 
ously interfered  with.  Throughout  this  article  little  stress  is  laid  upon 
the  exact  length  of  the  incision,  because  it  is  believed  that  it  must 
vary  so  much  with  different  patients  that  exact  measurements  are  more 
misleading  than  otherwise,  and  that  the  incision  should  always  be 
large  enough  to  give  ample  room.  This  statement,  however,  does  not 
apply  to  the  opening  made  in  the  sheath  of  the  vessel,  which  should 
be  made  as  small  as  possible,  thereby  avoiding  damage  to  the  vasa 
vasorum,  by  which  the  coats  of  the  artery  are  nourished.  It  is  not 
necessary  to  separate  the  venae  comites  from  the  smaller  vessels; 
troublesome  oozing  may  be  avoided  by  tying  them  with  the  artery  en 
ffiassf.  In  this  same  connection,  less  stress  is  laid  upon  the  direction 
in  which  the  needle  is  passed  than  has  usually  been  done ;  but  w-hen 
the  dissection  is  freely  made  and  the  needle  passed  dy  sight  rather 
than  by  feeling,  the  danger  of  wounding  vessels  and  including  nerves 
in  the  ligature  is  much  diminished ;  and  the  use  of  a  Cleveland  needle 
is  advised,  as  being  more  convenient  and  easier  of  manipulation.  For 
vessels  of  moderate  size  catgut  is  satisfactory,  but  for  larger  vessels 
silk  is  a  safer  material. 

The  anatomy  of  the  supraclavicular  region  with  reference  to  the  iDnominaie 
and  subclavia.n  arteries.  The  innominate  bifurcates  opposite  the  right  Stemoclavtcnlu 
arliculatiun.  The  subclavian  arlen-  arches  upward,  so  that  its  highest  point  is  ,^  to  I  inch 
above  the  clavicle,  and  ends  vindernealh  the  middle  of  ihat  hone.  The  subclavian  vein 
lies  behind  the  clavicle  on  a  lower  level  than  the  artery,  and  seiwrated  from  it  by  the  sca- 
lenus amicus  muscle.  The  vein  is  held  to  the  clavicle  by  a  portion  of  the  deep  cervical 
fascia.  The  phrenic  ncT\e  crosses  the  scalenus  amicus  obliquely  and  passes  downward 
between  it  and  the  subclavian  vein.  The  relations  of  the  first  part  of  (he  arteiy  vanr  on 
the  two  sides.     On  the  rigfit,  the  artery  is  in  contact  with  the  pleuim  below  and  behind. 
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The  prMomocAMric  ntrve  pfl^ses  in  front,  nnd  iu  r*cun*m  branch,  turmng  below  tht  artery, 
runs  upward  brhind.  i'hc  intrmal  juKulur  and  sutkcliivian  vt'iiiN  unite  in  front  of  ihii  pcir- 
lion  to  form  tSt  nght  Inncminati?  vein,  which  paMfn  Hnvrnw.-irii  in  front  of  the  outer  sii)>e 
of  the  BobclavuQ  and  ionoEninatc  anerics.  The  left  innonninaie  vein  is  mot  in  relatiun  10 
ll>  artery,  but  cxtiV*\  the  origin  of  the  left  entnmon  cnmlid  nnd  unites  with  its  fellow  in 
front  of  the  inuomiuate  artery.  The  Itfl  iu^/az-ian  \s  am  inuli  Uui^er  tliaii  the  ri^lil  and 
lies  at  n  derjier  level  ;  ils  ouirr  jJde  i:t  in  f«mlacl  with  the  plcum.  Itehind  and  inirmally 
lie  the  «»opba^iu,  tecurrenl  Laryngeal  nerve,  and  traclicu.  The  thumcic  duct,  al  fir^l  on 
ihr  innrr  nide,  M>on  arches  outward  and  forward,  t>chind  the  internal  jugular  vein,  to  join  the 
subclavian  at  their  an^fle  uf  union. 

The  second  and  third  portion)^  arc  similar  on  the  two  sides.  'Ilic  third  part  of  the  artery 
has  rarely  more  than  one  branch.  i«  tmint  superficial,  and  is  therefore  the  (lortion  lifralured  by 
cleciioD.  It  lies  in  a  Iriangle  hounded  below  by  the  clavicle,  on  the  upjier  and  outer  side 
by  (he  jioMerior  belly  of  the  omohyoid  muscle,  on  the  inner  side  by  ihc  outer  border  of  the 
Sternomastoid.  The  inner  conL  uf  Ih*-  brarhinl  plexus  H'  behind  the  artery,  where  it  rests 
on  the  Bt«  rib.  The  tuh<:1ftvinn  vein  is  below  and  anterior  Al  (lie  lower  outer  mnr^n  of 
the  sterooouatluid  the  ntema]  jugular  joinn  the  latter  vein.  The  niprai;taviculac  fuKia  i» 
crossed  snperlidally  from  above  downward  ajid  outward  by  the  supraclavicular  nerves. 
UiMier  the  cervical  fawiia  the  ticUl  of  upcratiun  is  croMed  by  several  large  vein>.  namely,  the 
Imnsverse  cervical,  the  sopmscapular,  the  posterior  esternal  iugular,  and  the  inferior  thyroid. 
Troublesome  hemoTThagc  may  ari»e  fium  these  unless  they  are  tied  befote  division. 

Ifigatore  of  the  Innominate  Artery  (Fig.  71). — Ligature  of 
this  artery  Is  rightly  regardeii  ;is  one  of  the  most  tiifficuh  and  danger- 
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0U.1  operations.  Twenty-nine  authentic  cases  were  reported  byBurrell 
in  1895.  Of  these,  i  case  hved  ten  years  after  operation,  and  r.one 
hundred  and  four  days:  all  the  » it  hers  tiieil  within  two  months,  from 
shock. sepsis, or  secondary  hemorrhage;  though  in  liurrell's case,  which 
lived  one  hundred  and  four  days,  death  may  be  properly  attributed  to 
coexisting  cardiac  disease.  With  our  improved  tcchnic,  the  mortahty 
from  sepsis  and  attendant  .wcondary  hemorrhage  can  surely  be  dimin- 
ished. In  such  a  formidable  procedure,  it  seems  wise  to  tiisregard  soft 
parts,  and  even  bone,  and  the  following  operation  is  therefore  advo- 
cated : 
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By  Resection  of  a  Portion  of  the  Sternum. — ^An  incision  is  made 
from  the  level  of  the  cricoid  cartilage  along  the  anterior  border  of  the 
sternomastoid  down  the  middle  of  the  sternum  to  the  gladiolus.  The 
lower  attachments  of  the  right  sternomastoid,  sternohyoid,  and  sterno- 
thyroid muscles  are  divided  close  to  the  bone  and  allowed  to  retract 
A  spatula  is  placed  between  the  sternum  and  the  large  veins.  The 
upper  outer  part  of  the  manubrium  with  the  sternoclavicular  articula- 
tion and  insertion  of  the  first  rib  should  then  be  removed  with  a  chisel 
or  rongeur  forceps.  The  large  inferior  thyroid  veins  are  found  and  di- 
vided between  ligatures.  The  innominate  artery  is  thus  freely  exposed, 
and  the  surrounding  structures  may  be  identified  by  sight  as  well  as 
touch.  With  the  finger  or  a  blunt  dissector  the  areolar  tissue  is  gently 
separated  from  the  vessel.  In  front  lies  the  junction  of  the  left  and 
right  innominate  veins,  dilating  and  contracting  with  respiration.  To 
the  outer  side  are  found  the  phrenic  and  pneumogastric  nerves,  with 
the  pleura.  Behind,  and  on  the  inner  side,  the  artery  rests  on  the 
trachea.  Avoiding  all  these  structures,  two  large  silk  ligatures  are 
passed  about  the  vessel,  \  inch  apart.  These  are  tightened  gently  and 
firmly  until  pulsation  ceases  in  the  distal  portion.  In  aneurysm,  the 
common  carotid  and  vertebral  arteries  should  also  be  ligatured,  to  pre- 
vent collateral  circulation  in   the  sac. 

I/ig:attu:e  of  the  SubclavlaJi  Artery, — The  incision  for  ligature 
of  the  first  portion  of  the  left  subclavian  is  similar  to  that  for  the 
innominate  artery,  though,  of  course,  on  the  opposite  side.  The 
muscles  and  deep  cervical  fascia  are  divided  in  the  same  manner.  No 
bone  will  require  removal  unless  the  vessel  is  to  be  tied  near  the  arch, 
where  it  is  situated  even  deeper  than  the  innominate  artery.  The 
internal  jugular  and  left  innominate  veins  are  retracted,  respectively. 
outward  and  downward.  The  thoracic  duct  offers  the  chief  diflficult>'. 
Search  should  be  made  for  the  main  trunk  to  the  inner  side  of  the 
ascending  subclavian.  It  arches  at  a  higher  level  than  the  artery,  and 
frequently  ends  by  two  or  three  branches.  When  the  ligature  is  passed 
from  within  outward,  the  pneumogastric  nerve  and  duct  should  be 
pushed  inward  and  the  phrenic  nerve  carefully  defined  on  the  outer 
side. 

The  Risrht  Subclavian  in  its  First  Portion — A  similar  incision  is 
made,  ending,  however,  an  inch  below  the  sternoclavicular  .joint.  No 
bone  need  be  removed.  The  sternomastoid  is  divided  and  retracted 
outward  with  the  internal  jugular  vein.  The  phrenic  nerve  is  found 
along  the  inner  border  of  the  scalenus  anticus;  the  pneumogastric 
nerve  lies  in  front  of  the  vessel.  The  numerous  arterial  branches 
must  be  isolated  and  pushed  aside,  and  the  ligature  passed  by  sight 
below  them.  This  is  a  very  dangerous  procedure,  there  having  been 
only  3  successful  cases  reported.* 

The  Second  Portion. — The  incision  and  steps  arc  the  same  as  for 
the  ligation  of  the  third  portion,  next  to  be  described.  Avoiding  the 
phrenic  ner\''e,  which  is  held  to  the  inner  side,  the  scalenus  anticus  is 
cautiously  divided  by  a  transverse  incision  and  allowed  to  retract.  The 
artery  lies  immediately  behind  it  with  one  or  more  branches.  The 
ligature  is  passed  from  before  backward. 

>  HaUted,  1892 ;  B.  F.  Curtis,  1897 ;  Allingham,  1899. 
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The  Third  Portion  (Fig.  72). — This  part  of  the  artery  is  relatively 
€asy  of  access,  and  is  hgatured  for  hemorrhage,  aneurysm,  or  as  a  pre- 
liminary to  atnput;ition  of  the  upper  extremity.  The  artery  has  similar 
relations  on  both  sides  of  the  body.  Having  previously  pulled  the 
skin  over  the  clavicle  firmly  downward,  a  4-inch  incision  is  begun,  an 
inch  from  the  sternoclavicular  joint,  and  carried  along  the  clavicle 
down  to  the  bone.  The  parts  are  allowed  to  retract,  and  the  deep 
fascia  is  then  divided.  Tlie  external  jugular  vein  at  the  posterior 
border  of  the  sternoniastoid  is  easily  cut  between  two  ligatures.  The 
shoulder  must  now  be  pulled  down  as  far  as  possible.  In  muscular 
subjects  the  space  between  the  clavicular  attachments  of  the  trapezius 
and  sternomastoid  is  often  narrow,  and  part  of  these  muscles  may 
require  division.     The  supraclavicular  fat  is  gently  separated  from  the 
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underlying  structure  and  retracted  upward  and  inward.  The  operator, 
standing  at  the  jiatient's  head,  next  defines  the  insertion  of  the  scalenus 
anticus  into  the  tubercle  of  the  first  rib.  This  is  best  done  by  inserting 
the  forefinger  deeply  into  the  wound,  using  the  right  hand  in  right 
incisions,  and  the  left  in  left  incisions.  The  artery  will  be  felt  pulsating 
behind  and  to  the  outer  side  nf  the  tubercle.  Tlu-  vein  lies  in  front, 
and  is  rarely  seen.  Posterior  to  the  vessel  lie  the  inner  cords  of  the 
brachial  plexus.  In  this  and  sinidar  operations  in  the  neck,  the  smaller 
vein.s  which  are  encountered  should  be  divided  between  two  ligatures; 
arterial  twigs  should  be  similarly  treated.  By  such  careful  technic 
staining  of  the  areolar  tissue  with  blootl  is  avoitled  and  the  dis.scctinn 
far  more  clearly  made.  With  the  artery  in  plain  sight,  the  sheath  is 
carefully  incised  and  the  ligature  passed  in  cither  direction,  preferably 
from  the  vein. 

I^igattire  of  the  Superior  Thyroid  Artery  (Fig.  73).— This 
artery  arises  from  the  external  carotid  at  the  upper  edge  of  the  thyroid 
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cartilage,  aiid  passes  inward  and  downward,  sending  branches  to  ihc 
thyroid  muscles  and  gland.  The  superior  laryngeal  nen-'c  is  just  above 
and  to  its  inner  side.  The  only  indications  for  tying  this  vessel  are 
vascular  enlargements  of  the  thyroid  gland,  and  as  a  preliminao'  to 
thyroidectomy. 

Opcratum. — An  incision,  3  inches  long,  is  made  along  the  inner 
border  of  the  siernomastoid,  with  its  center  opposite  the  upper  part 
of  the  tumor.  The  skin  and  deep  fascia  are  divided,  and  the  stemo- 
mastoid  muscle  drawn  to  the  outer  side.  Search  is  made  at  the  upper 
inner  aspect  of  the  lateral  lobe  of  the  thyroid,  and  the  anterior  branch 
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of  the  artery  easily  found  This  is  ligatured,  or  the  artery  followed 
higher  up  in  the  neck  and  there  tied. 

I^igature  of  the  Inferior  Thyroid  Artery. — This  branch  arises 
from  tiie  thyroid  a.vis,  and  passes  upwaril  tu  the  level  of  the  cricoid 
cartilage,  where  it  bends  shaqjjy  inward  :ind  divides  into  two  branches 
behin<l  the  lower  part  of  the  lateral  lobe  of  tlie  gland.  The  recurrent 
larj'ngeal  nerve  piLsscs  upward  in  the  groove  between  the  trachea  and 
esophagus,  and  usually  behind  the  terminal  branches  of  the  arterj*. 
The  vessel  rests  on  the  longus  colli  muscle  close  to  the  vertebral 
column. 

Operation. — A  3-incli  incision  is  made,  opposite  the  cricoid  cartilage, 
along  the  anterior  border  of  the  stcrnamastoid.  This  muscle  is  re- 
tracted to  the  outer  side  with  the  conmion  sheath  of  the  great  vessels, 
while  the  larj-nx  and  thyroid  gland  are  pulled  inward.  The  inferior 
thyroid  artery*  can  always  be  recognized  from  its  horizontal  direction. 
Half  an  inch  below  the  carotid  tubercle,  the  sympatlietic  cord  crosses 
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it  at  right  angles,  and  should  be  pushed  to  the  outer  side.  The  recur- 
rent laryngeal  nerve,  lying  near,  can  also  be  recognized  by  its  vertical 
direction,  nearer  the  median  line.  The  ligature  is  passed  from  beiow 
upward,  away  from  the  inferior  thyroid  veins,  ami  tied. 

Ligattire  of  the  Vertebral  Artery.—  1  his  arterj'  arises  from  the 
subclavian  close  to  the  inner  border  of  tlie  scalenus  anticus.  In  the 
groove  between  this  muscle  and  Utc  loneus  colli  it  runs  upward  to  the 
transverse  process  of  the  sixth  cervical  vertebra. 

Offration. — The  operation  is  the  same  as  that  for  ligature  of  the 
inferior  thyrr^id.  but  more  difficult,  as  the  vertebral  artery  lies  deeper 
under  the  prevertebral  fiiscia.  This  fascia  is  vertically  incised  \  inch 
below  the  carotid  tubercle.  The  artcr^'  is  here  ligatured  just  above  the 
bend  of  the  inferior  thyroid,  which  is  pushed  downward.  The  verte- 
bral vein  is  best  ligatured  with  the  artery. 

Iflgflture  of  the  Axillary  Artery  ( I- ig.  74). — This  vessel  extends 
from  the  lower  border  of  the  first  rib  to  the  lower  mai^in  of  the  teres 
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major.  If  the  arm  is  abducted  to  a  right  angle,  the  artery  lies  under  a 
line  drawn  from  the  middle  of  the  claxicle  to  the  middle  of  the  bend 
of  the  elbow.  It  is  divided  into  three  portions  by  the  (wctoralis  minor. 
Above  this  muscle  the  costocoracoid  membrane  sends  an  expansion  to 
the  axillar>-  vein,  which  lies  ititernal  and  anterior  to  the  artery.  On  the 
outer  side  run  the  cords  of  the  brachial  plexus.  The  cephalic  vein 
passes  upward  along  the  inner  border  of  the  deltoid,  and  between  it 
and  the  pcctoralis  major :  liaving  pierced  the  costocoracoid  membrane, 
it  empties  into  the  axillary  vein. 

Operation. — A  4-rnch  incision  should  be  made  ox-er  the  interspace 
between  the  deltoid  and  |>ecIoralis  major,  which  muscles  should  then 
be  widely  retracted.     The  cephalic  vein,  prewously  defined,  is  left  in 
Si 
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the  outer  margin  of  the  wound.     The  costocoracoid  fitscia  is  incised 
with  care,  and  the  axillary  vein  found  and  pulicd  iiuvartl,     Dtx-ply  ^ 
placed  and  slightly  to  the  outer  side  of  it  lies  the  artery.     Tiie  ligature  fl 
is  passed  away  from  the  adjacent  [icrve-cords,     This  operation  is  more 
bloody  and  tlifficult  than  ligature  of  the  third  part  of  the  subclavian. 

Li^ture  in  the  Axilla — \\\  incision  3  inches  Jon^  is  made  at  the  M 
junction  of  the  anterior  and  middle  thirds  of  the  axilla,  along  the  pes-  ■ 
terior  bonier  of  the  coracobrachialis  muscle.      The  deep    fasda  u 
incised  and  the  two  lips  of  the  wound  tt'tn/y  retracted.     The  vein  is 
below  and  slightly  overlaps  the  artery.     Above  is  the  median  nerve; 


/ 


/ 


X 


r 


V.  mfiitanmi. 


A.  ^uiUarii. 


.V.  utmarif. 


N.nttUhM. 


V.AxUUuv. 


Fio,  75. — Topography  of  the  ailllarr  art«fy  (after  Loebker). 


below  are  the  internal  cutaneous  and  ulnar  nerves.  These  structures 
should  bt;  relracteti.  and  the  artery  isolated  and  tied. 

I^Igature  of  the  Brachial  Artery. — The  brachial  artery  extends 
from  the  junction  of  the  anterior  and  middle  thinis  of  the  a.villa  to  the 
inner  side  of  the  biceps  tendon  at  the  middle  point  of  the  bend  of  the 
elbow.  Opposite  the  neck  of  the  radius  it  divides  into  the  ulnar  and 
radial  arteries;  the  median  nerve  follows  the  vessel  closely.  At  first, 
the  median  nerve  lies  to  the  upper  and  outer  side  of  the  artcr>'.  which 
it  cro-sses,  nsiially  in  front,  about  the  middle  of  the  arm,  and  continues 
its  course  alonfj  the  inner  side.  The  artery  lies  in  the  groove  between 
the  hiccps  and  triceps  muscles.  The  brachial  vena."  coniites  are  irregu- 
lar in  size:  just  above  the  middle  of  the  arm  the  basilic  vein  pierces 
the  deep  fascia,  to  imitc  «'ith  thcni  to  form  the  axillary  vein. 

Operation  at  the  Middle  uf  the  Arm. — An  incision  is  made  over 
the  line  of  tlie  artery  and  carried  through  the  deep  fascia.  The  basilic 
vein  should  be  made  tense  and  avoided  ;  the  biceps  muscle  is  disclosed 
and  drawn  outward;  the  sheath  surrounding  the  artery,  veins,  and 
ncr\*es  is  carefully  inci.sed;  the  artcr>- separated  and  I^tcd.     Occa- 
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sionaJ  high  division  of  the  brachial  artery  should  always  be  borne  in 
mind. 

Ligature  at  the  Bend  of  the  Elbow. — An  oblique  incision  is  made 
along  the  inner  border  of  the  biceps  tendon,  ending  at  the  bicipital 
fascia.  By  this  incision  superficial  veins  may  usually  br  avoided  The 
artery  is  exposed,  lying  between  the  bicipital  tendon  on  the  outer  side 
and  the  median  ner\'e  on  the  inner  side,  and  re-sting  on  the  brachialis 
anticus  muscle.     The  venx  coniitcs  may  be  included  in  the  ligature. 

LigTB-ture  of  the  Radial  Artery. — This  artery  runs  from  the 
bifurailiun  of  the  brachial  to  the  Inner  side  of  the  styloid  process  of 
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Pig.  76.— Topography  of  the  bntditol  and  radial  arteries  (right  arm)  (after  Ixicbker). 

the  radius.  The  artcr)'  is  covered  in  its  upper  third  b>'  the  belly  of  the 
supinator  longus.  then  runs  superficially  along  its  imier  border.  The 
radial  ner\c  is  in  relatinn  to  the  vessel  only  in  the  middle  third,  and 
lies  to  the  radial   sidr, 

LifCAture  in  the  Upper  Third — An  incision,  bcginnin;^  2  inches  be- 
low tlic  bend  of  the  elbow,  is  made  over  the  line  of  the  arterj",  and 
is  carried  through  the  deep  fa-^cia.  The  supinator  longus  is  raised  and 
drawn  to  the  outer  side.  The  pronator  radii  teres,  of  which  the  oblique 
fibers  are  easily  recognized,  is  pulled  to  the  inner  side.  The  artery, 
with  it-i   ven.e   cimiitcs,   is  istdaled  and  tied. 

Ligature  in  the  Lower  Third-— An  incision  2  inches  long  is  made 
upward  in  the  line  of  the  artery,  beginning  an  inch  above  the  tip  of  the 
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Styloid  process.     The  artery  is  found  immediately  beneath  the 
fascia.    On  the  ulnar  side  is  the  tendon  of  the  flexor  carpi  radtah's.    TTir" 
radial  nerve  is  not  seen.     The  arter)'  is  isolated  and  tied. 

Ligature  of  the  Ulnar  Artery. — The  line  for  incision  in  t>-ing 
this  artcr)^  runs  from  the  tntLTiiiil  condyle  to  the  radial  side  of  the 
pisiform  bone.  In  the  lower  two-thirds  of  the  forearm  the  arterj"  hcs 
directly  under  this  line.  In  the  upper  third  the  vessel  is  covered  by 
the  superficial  muscles  arising  from  the  internal  condyle,  and  is  situatL-il 
under  a  slightly  curved  line,  witii  the  convcxitj'  inu-ard,  drawn  from 
the  upper  border  of  the  middle  third  to  the  point  of  bifurcation.     The 
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ulnar  nerve  joins  the  artery  above  its  middle  and  runs  to  the  wrist  on 
its  ulnar  side. 

The  Junction  of  the  Upper  and  Middle  Thirds  of  the  Arm.— An 

incision  4  inches  long,  with  its  center  at  the  above  point,  if  made  on 
the  line,  will  disclose  the  intermuscular  space  between  the  flexor  carpi 
ulnaris  and  sublimis  digitorum  muscles.  This  septum  will  be  marked 
as  a  white  or  yellow  line  under  the  deep  fascia.  .Should  any  difltcuhy 
be  met,  a  superficial  transverse  incision  through  the  muscles  will  be  of 
great  help.  On  carefully  separating  these  two  mu.<:cles  and  pulling  the 
superficial  flexor  inward,  the  ulnar  nerve  comes  first  into  view,  l)-ing 
on  the  deep  flexor  ;  a  little  outivard,  but  in  the  same  plane,  is  found  the 
ulnar  artery.  A  needle  is  passed  from  the  nerve  about  the  veins  and 
artery. 

In  the  Lower  Third. — An  incision  through  the  deep  fascia  is  made 
just  tn  ihe  radial  ^idc  of  the  tendon  of  the  flexor  carpi  ulnaris.  The 
mu.scular  belly  extends  almost  to  the  wrist,  and  should  be  retracted  to 
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the  ulnar  side.  The  ligature  is  passed  from  the  nerve  which  lies  on  the 
ulnar  side. 

I/igature  of  the  Common  Carotid.— In  operations  in  the  neck 
the  position  of  tlic  head  is  most  imjjurlaiit.  The  face  should  be  turned 
from  llie  side  to  be  operated  upon,  tlic  shoulder  depressed,  and  a  firm 
pillow  placed  behind  the  extended  neck  ;  later  the  head  may  be  flexed 
to  relax  the  muscles.  The  line  of  the  carotid  artery  runs  from  the 
sternoclavicular  articulation  to  a  point  midway  between  the  angle  of 
the  jaw  and  the  mastoid  process.  The  carotid  divides  opposite  the 
upper  border  of  the  thyroid  canilafjc.  Here  the  external  carotid  is 
anterior,  the  internal  posterior.  Thi.*;  relation  soon  changes,  the  exter- 
nal carotid  lying  to  the  outer  side  and  posterior  to  the  internal  carotid. 
The  length  of  the  right  common  carotid  is  usually  3i  to  4  inches,  the 
left  an  inch  more.  The  internal  jujjular  vein  emerges  from  tlie  skull 
behind  the  internal  carotid ;  it  soon  passes  to  the  outer  side  of  the 
artery,  greatly  increased  in  size  by  the  addition  of  the  tcmporofacial 
veins  at  the  level  of  the  hyoid  bone,  and  runs  down  the  neck  on  the 
outer  side  of  the  common  carotid  artery,  which  it  overlaps.  The  pneu- 
mogastric  nerve  lies  behind  and  between  the  common  carotid  and 
internal  jugular  vein,  and  is  enclosed  in  a  separate  comparlmeni  of  the 
common  sheath.  The  hypoglo.ssal  nerve  curves  inward  about  the 
occipital  artery  at  its  origin,  sending  off  the  descendens  hjpoglossi 
nerve,  which  runs  downward  over  the  common  sheath.  As  the  stcrno- 
mastoid  muscle  passes  to  its  insertion,  it  crosses  the  common  carotid 
obli(]uely.  so  that  the  lower  portion  of  the  artcrj-  conies  to  lie  deeply 
near  its  posterior  border.  The  omoliyoid  muscle  crosses  the  artery  at 
the  level  of  the  cricoid  cartilage.  The  point  of  election  is  above  the 
tendon  of  this  muscle.  As  ligature  of  the  cnmnmn  carotid  will  not 
completely  control  hemorrhage  from  the  external  carotid  branches, 
owing  to  the  free  ana-stomo.sis,  and  as  brain-sjTuptoms  follow  ligature 
of  the  common  carotid  in  about  20  per  cent,  of  all  cases,  this  opera- 
tion should  never  be  done  when  ligature  of  the  external  carotid  alone 
mil  suffice. 

Operation, — A  3-inch  incision  downward  from  the  cricoid  cartilage 
is  made  along  the  anterior  border  of  the  sternomastoid.  The  skin, 
subcutaneous  tissue,  platysma.  and  deep  cer\'ical  fascia  are  divided. 
The  stcmomastoid  is  retracted  to  the  outer  side.  Above  the  omohyoid 
the  artcr>'  is  quite  superficial.  The  common  sheath  is  carefully  0[x*ned 
on  its  inner  side,  to  avoid  the  jugular  vein.  The  artery  is  isolated  with 
a  blunt  dissector.  The  needle  is  passed  from  the  vein,  avoiding  the 
pncumogastric  nerve  behind.  Below  the  omohyoid  the  artery  lies  deep 
in  the  neck,  uiuler  ihe  sternomastoid.  When  an  aneurysm  exists  in 
the  upijcr  part  of  the  artery,  this  muscle  may  require  division  before 
the  li^.itun-  can   br  prnpi'ib-  ,ipp!ii,-d. 

Wgature  of  the  Internal  and  External  Carotids  at  their 
Origins.— An  incision  of  3  inches  is  made  along  the  anterior  border  of 
the  .sternocleidomastoid,  from  the  angle  of  the  jaw  downward  through 
the  deep  fascia.  The  external  jugular  vein  should  be  di\'ided  between 
two  ligatures,  and  the  muscle  retracted  outward  as  before.  The 
tcmporofacial  vein,  as  it  unites  with  the  internal  jugular,  should  be 
pulled  upward  and  outward.     By  its  branches  tlie  external  carotid  may 
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be  dislin^uishfil  from  the  smikIl-  trunk  of  tlic  internal  carotid  Ipng^ 
behind.  The  superior  laryngeal  ncnx  passes  along  the  inner  side  of 
the  internal  ju-^ular  to  the  larynx.  The  pneuinogaslric  nerve  must  be 
clearly  seen.  The  ligature  is  passed  fronj  without  inward  about  ettlier 
artery. 

I/igature  of  the  I^lligtial  Artery. — The  lingual  artery,  a  brandi 
of  the  rxlrriial  carotid,  is  i;iven  uiT  at  about  the  level  of  the  greater 
cornu  of  the  hyoid  bone,  uhere  it  is  deeply  placed.  It  passes  forward 
beneath  the  .stylohyoid  and  posterior  belly  of  the  diyaslric,  and  enters 
the  submaxillary  triangle,  which  is  bounded  by  the  anterior  and  pm- 
tcrior  bellies  of  the  dipastric  and  the  ramus  of  the-  jaw.  Shortly  after 
entering  this  triangle  the  vessel  {wsscs  behinti  the  hyoglossus  muscle, 
by  which  it  is  covered  throughout  the  rest  of  its  course.     The  hypo- 
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glossal  nerve  also  crosses  the  submaxillary  triangle  in  a  direction 
parallf  1  to  the  jaw  and  superficial  to  the  hyoglossus  muscle,  which  thus 
separates  the  nerve  from  the  arterj-.  The  triangle  formed  by  the  two 
bellies  of  the  digastric  below  and  the  hypoglossal  nerve  above  is  the 
most  convenient  situation  in  which  to  secure  the  lingual  artery,  and  is 
readily  found. 

Operation. — A  curved  incision  i.s  made,  starting  at  the  angle  of  the 
jaw  and  descending  to  the  level  of  the  hyoid  bone,  and  then  up  again 
to  a  point  about  1  inch  to  one  side  of  the  symphysis  of  the  jaw.  This 
cut  is  deepened  so  as  to  divide  the  skin,  platysma,  and  the  deep  fescia 
attached  to  the  hyoid  bone.  The  flap  thu.s  formed  is  turned  up,  carry- 
ing with  it  the  submaxillary  gland,  and  the  digastric  muscle  and  h>'po- 
glossal  nerve  conic  into  view.  The  mylohyoid  muscle  may  encroach 
considerably  upon  the  triangle,  and  its  posterior  fibers  should  be  divided 
if  neccssar)'.  The  field  having  been  fully  exposed,  the  hyoglossus 
muscle  is  divided  close  to  the  hyoid  bone  and  turned  upward,  when 
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llie  lingual  artery  will  be  seen  running  nearly  parallel  to  the  course  of 
the  hypoglnss;iI  ncrvL-,     There  is  no  vuin  in  close  relation  to  the  artery. 

Ifigature  of  the  Facial  Artery.— 1  he  facial  artery  leaves  the 
carotid  generally  in  close  relation  to  tliu  linj^ual  artcr)-  and  passes 
bcncalh  the  hyoid  muscle  to  the  deep  surface  of  the  subniaxillaiy  gland, 
under  cover  of  which  it  runs  until  it  reaches  the  niasseter.  when  it 
turns  abruptly  upward  along  its  anterior  border,  wlicre  the  pulsation 
can  be  felt.  The  vein  lies  posterior  to  the  arter>'  and  crosses  the  sub- 
maxillary gland  superficially. 

Opt-ratiou, — The  vessel  is  best  exposed  by  an  incision  parallel  to  the 
ramus  of  the  jaw,  with  its  center  at  the  anterior  border  of  the  masseter 
muscle.  In  this  way  the  vessel  can  be  found  without  difficulty ;  the 
small  branches  of  the  fadal  ner\'c  are  rot  injured,  and  the  scar  is  better 
placed.  The  ligature  is  generally  passed  from  behind  forward,  but  the 
vein  is  not  always  verj'  close  to  the  arterj-. 

Ifigature  of  the  Occipital  Artery. — The  occasions  on  which 
this  \c^scl  will  be  tied  must  be  exceediuj^ly  rare,  as  in  cases  of  cirsoid 
aneurj'sm  o(  the  scalp  the  afferent  and  eJTcrent  vessels  will  be  tied  as 
llicy  appear,  without  regard  to  their  position.  The  vessel  may  be 
found  by  making  an  incision  from  the  tip  of  the  mastoid  process  back- 
ward and  slightly  upward  for  about  2  inches.  The  aponeurosis  of  the 
stemomasttiid  and  the  insertion  of  the  splt-niiis  must  be  freely  divided, 
when  itur  puls.ui')n  tif  tlit-  vi-sstrl  can  bu  felt. 

I,i£:attu-e  of  the  Temporal  Artery. — The  temporal  artery  Is  the 
linear  continuation  of  the  external  caroiid.  which  divides  into  its  ter- 
minal branches,  the  temporal  and  internal  maxillary,  at  about  the  level 
of  the  neck  of  the  lower  jaw.  The  temporal  artery  is  at  first  deeply 
placed  in  the  substance  of  the  parotid  gland  ;  but  at  about  the  level  of 
the  external  auditory  meatus  it  becomes  sujK;rficial.  running  upward  in 
front  of  the  ear  over  the  root  uf  the  zygoma,  and  divides  into  its  ter- 
minal branches  at  a  variable  distance  above  that  level.  The  temporal 
vein  and  the  auriculntemponil  ner\'e  lie  between  it  and  the  ear.  It  is 
best  exposed  by  a  vertical  incision  i  inch  in  length,  a  finger's  breadth 
in  front  of  the  car.  starting  at  the  level  of  the  zygoma  and  running 
upward.  This  will  avoid  danger  of  injuring  the  branches  of  the  facial 
ner\*e,  which  arc  below  the  zygoma  at  this  point. 

I«igattire  of  the  Abdominal  Aorta. — ;\s  far  as  we  are  aware, 
the  abdominal  aorta  ha.s  nc\cr  been  successfully  tic*l,  though  several 
attempts  have  been  made.  The  tcchnic  of  the  operation  presents  no 
difficulties.  The  incision  should  be  made  through  the  left  rectus  mus- 
cle, about  A  inch  from  the  niedian  line,  with  its  center  at  the  level  of 
the  umbilicus.  The  peritoneal  cavity  should  be  frecl>'  opened,  and  the 
intestines  walled  back  with  gauze.  The  position  of  the  vessel  can  be 
told  by  feeling  the  pulsations  with  the  finger;  the  p».wterinr  parietal 
peritoneum  is  incised,  and  the  ligature  passed  from  the  right  .side,  to 
avoid  the  vena  cava. 

Xfigfature  of  the  Common  Iliac  Artery. — The  position  of  the 
common  ili.ic  arlcr>-  is  nidicated  by  a  line  drawn  from  the  left  side  of 
the  umbilicus  to  the  center  of  a  line  connecting  the  anterior  superior 
spine  of  the  ilium  with  the  symph\sis  pubis.  The  vessel  varies  in 
length  from  1 J  to  3  inches,  and  extends  from  the  fourth  lumbar  verte- 
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bra  to  the  sacro-iliac  synchondrosis,  where  it  divides  into  the  external 
and  internal  ihacs.  The  relations  of  the  vessels  to  veins  differ  some- 
what on  the  two  sides,  the  left  being  in  relation  only  with  the  left 
common  iliac  vein,  while  the  right  has  the  right  common  iliac  vein 
behind  its  lower  part,  the  left  common  ihac  vein  behind  it  above  the 
middle,  while  the  lower  end  of  the  vena  cava  lies  behind  its  upper  end. 
Both  vessels  are  in  the  same  relation  to  the  ureters,  which  cross  at  or 
near  the  bifurcation. 

After  ligature  of  the  common  iliac  the  collateral  circulation  is  car- 
ried on  through  the  anastomosis  of  the  internal  mammary  with  the 
deep  epigastric,  of  the  circumflex  iliac  with  the  lumbar  arteries,  and  of 
the  visceral  branches  of  the  internal  iliac  with  those  of  the  other  side. 
The  older  writers  laid  great  stress  on  the  extraperitoneal  method  of 
tying  the  common  iliac,  but  we  do  not  believe  that  the  method  was 
chosen  for  any  reason  other  than  the  fear  of  opening  the  peritoneal 
cavity — a  procedure  that  is  fraught  with  but  little  danger  to-day.  The 
extraperitoneal  method  necessarily  results  in  damage  to  the  retroperi- 
toneal adipose  tissue,  which  we  believe  to  be  far  more  liable  to  infection 
than  the  peritoneum,  and  can  hardly  avoid  some  damage  to  the  lumbar 
vessels  and  muscular  branches  which  play  an  important  part  in  the  col- 
lateral circulation.  The  choice  of  incision  lies  between  that  in  the 
median  line  and  that  through  the  rectus  muscle,  and  the  question  must 
be  decided  by  the  preference  of  the  individual  operator.  In  either  case, 
the  incision  should  start  at  about  the  level  of  the  umbilicus,  and  be 
continued  downward  a  variable  distance  according  to  the  thickness  of 
the  abdominal  wall.  The  use  of  the  Trendelenburg  position  will  facili- 
tate exposure  of  the  field  by  removing  the  mass  of  small  intestine,  and 
the  vessel  will  be  readily  found  running  along  the  brim  of  the  peKis. 
The  peritoneum  covering  the  vessel  may  be  incised  somewhat  to  the 
outside,  and  the  opening  thus  made  freely  enlarged  with  the  fingers. 
The  ureter  is  in  relation  only  with  the  lower  part  of  the  vessel,  and  need 
not  be  seen  ;  but  its  position  will  be  generally  so  obvious  that  there  is 
httle  danger  of  its  being  injured.  Tlie  chief  difficulty  will  be  found  in 
separating  the  vessel  from  the  veins  ;  and  it  is  important  to  have  a  thor- 
oughly good  exposure  and  plenty  of  room.  After  the  ligature  is  tied, 
the  peritoneum  covering  the  vessel  should  be  closed  with  sutures,  and 
the  remainder  of  the  operation  completed  as  in  any  clean  laparotomy. 
It  will  probably  be  wise  to  close  the  wound  without  drainage. 

I^igattiTe  of  the  Internal  Iliac. — The  internal  iliac  runs  down- 
ward and  forward  from  the  sacro-iliac  synchondrosis.  It  is  in  relation 
anteriorly  with  the  ureter  and  at  its  upper  part  with  the  external  iliac 
vein,  posteriorly  with  the  internal  iliac  vein  ;  it  rests  on  the  nerves  of 
the  sacral  plexus.  It  is  exposed  by  an  incision  similar  to  that  for  the 
common  iliac,  but,  owing  to  its  depth  and  to  the  fact  that  on  the  left  it 
is  partially  covered  by  the  rectum,  tlie  operation  is  somewhat  more 
difficult.  Ligature  of  this  arter\-  is  rarely  done  except  for  gluteal 
aneurysm ;  though  recently  it  has  been  advocated  for  uterine  fibroid 
and  for  hypertrophy  of  the  prostate. 

I/igatore  of  the  External  Iliac. — The  older  operators  usually 
preferred  to  tie  the  external  iliac  in  place  of  the  common  femoral,  for 
fear  of  secondary  hemorrhage  ;  but  at  the  present  time  this  danger  has 
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decreased  so  much  that  the  choice  must  be  made  upon  other  grounds. 
The  close  proximity  of  lar^x-  brandies  makes  Uyaturc  of  the  common 
femoral  a  more  dijticult  procedure,  though  the  collateral  circulation  is 
somewhat  less  good  after  the  bttcr  operation.  The  vessel  lies  in  the 
line  already  indicated  for  the  common  iliac,  and  has  no  branches  oi 
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FtG.  79. — Topocn|di)r  of  the  esirmal  tllac  and  femoral  anprict  (aftrr  l.orbkrr). 

importance  except  near  its  termination,  where  it  gives  off  the  deep  cir- 
cumflex iliac  and  the  deep  epigastric.  The  vein  lies  at  first  below  and 
later  to  the  inner  side,  while  the  genital  branch  of  the  gcnitocrural 
ncrv'e  lies  rather  on  its  outer  side.  Ligature  of  this  vessel  is  most 
commonly  done  prior  to  amputation  at  the  hip-joint  and  for  femoral 
aneurj'sm,  and  the  ex.-jct  position  of  the  vessel  is  most  readily  found 
by  feeling  the  pulsation. 


h 
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The  extraperitoneal  method  is  that  most  commonly  used.  The 
patient  should  be  placed  in  the  dorsal  position,  with  hips  elevated  so 
as  to  hyperextend  the  thigh.  The  incision  is  made  i  inch  above  and 
parallel  to  Poupart's  ligament,  with  its  center  over  the  line  of  the 
vessel.  The  deep  epigastric  artery  crosses  the  line  of  this  incision,  and 
should  be  avoided,  as  it  forms  an  important  part  of  the  collateral  anas- 
tomosi.s.  The  incision  is  carried  down  to  the  peritoneum,  which  is  then 
pushed  back,  exposing  the  vessel. 

I^igature  of  the  Gluteal,  Sciatic,  and  Internal  Pudic  Arte- 
ries.— Ligature  of  these  arteries,  except  for  traumatic  aneurysm,  uill 
rarely,  if  tver,  be  done.  In  cases  of  hemorrhage  following  wounds, 
the  bleeding  point  will  be  sought  and  secured  regardless  of  its  ana- 
tomical position. 

The  gluteal  artery  emerges  from  the  pelvis  above  the  pyriformis 
muscle,  which  is  the  guide  to  the  vessel,  and  will  be  found  at  the  mid- 
dle third  of  a  line  drawn  from  the  posterior  superior  spine  of  the  ilium 
to  the  top  of  the  great  trochanter.  The  incision  should  be  free,  and 
should  be  deepened  until  the  pyriformis  muscle  is  found. 

The  sciatic  artery  is  placed  below  the  pyriformis  muscle,  and  its 
course  is  indicated  by  a  line  drawn  from  the  posterior  superior  spine  erf" 
the  ilium  to  the  tuberosity  of  the  ischium.  The  incision  should  be 
made  over  the  center  of  this  line,  parallel  to  the  fibers  of  the  gluteus 
maxim  us. 

The  internal  pudic  artery  leaves  the  pelvis  by  the  same  opening  as 
the  sciatic  artery ;  but  it  immediately  re-enters,  and  then  runs  up  along 
the  ramus  of  the  pubes.  It  is  most  readily  secured  in  the  perineum  by 
an  incision  made  on  a  line  extending  from  the  symphysis  pubis  to  the 
inner  part  of  the  tuber  ischia:. 

I/ig^ature  of  the  Femoral  Artery. — The  importance  of  the 
femoral  artery  in  operative  surgery  is  not  altogether  an  historic  one. 
for  the  vessel  is  not  infrequently  wounded,  and  ligature  of  this  vessel  is 
at  the  present  time  the  most  prominent  method  of  treating  popliteal 
and  femoral  aneurysms. 

The  course  of  the  vessel  may  be  indicated  by  a  line  drawn  from  a 
point  midway  between  the  anterior  superior  spine  of  the  ilium  and  the 
symphysis  pubis  to  tlie  adductor  tubercle  of  the  femur.  For  the  pur- 
pose of  operation  the  vessel  may  be  divided  into  three  parts :  i .  The 
common  femoral,  that  part  extending  from  Poupart's  ligament  to  the 
point  of  origin  of  the  profunda  fenioris.  a  distance  of  from  i  to  2 
inches.  2.  The  superficial  femoral,  that  part  extending  from  the  origin 
of  the  profunda  to  the  ape.x  of  Scarpa's  triangle.  3.  'Y\\c  femoral  in 
Hunter's  canal. 

Ligature  of  Common  Femoral. — This  operation  is  somewhat  unsat- 
isfactory, owing  to  the  close  proximity  of  large  branches  and  to  the 
fact  that,  in  the  past,  secondary  hemorrhage  has  been  of  frequent  occur- 
rence. The  vessel  is  exposed  b\-  an  inci.-^ion  starting  at  Poupart's  liga- 
ment and  extending  downward  3  to  4  inches  in  the  line  indicated 
above.  It  is  co\crcd  only  by  tlie  skin,  superficial  fascia, and  iliac  fascia, 
which  latter  should  be  cautiously  divided.  The  vein  lies  to  the  inner 
side,  and  is  included  in  a  compartment  of  the  same  sheath  as  the  arter>'. 
This  sheath  should  be  freely  opened,  the  artery  separated  from  the 
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vein,  and  the:  needle  passed  froni  within  outward,  kccpiTig  close  to  the 
arter>'.  The  anterior  crural  ner\'C  lies  \  inch  to  the  outer  side,  and 
should  not  be  seen.  It  is  advisable  to  ascertain  the  location  of  the 
drcuniflex  and  profunda  arteries  before  the  ligature  is  tied. 

Ligature  of  Superficial  Pemural — The  superficial  femoral  is 
readily  accessible,  Ix-in^  covered  only  by  the  skin  and  superficial  fascia. 
The  thigh  should  be  flexed  and  abducted,  and  an  incision  made  with 
its  center  4  to  5  inches  below  Poupart's  ligament,  in  the  line  of  the 
vessel.  The  sartorius  muscle  is  directly  to  the  outer  side,  and  will 
be  recognized  by  the  oblique  direction  of  its  fibers,  and  drawn  out- 
ward, revealing  the  artery,  with  the  vein  to  the  inner  side  and  some- 
what behind.     Tlie  needle  sliould  be  passed  fnJin  within  outward. 

Ligature  in  Hunter's  CanaL— I  lunler's  canal  occupies  the  middle 
third  o{  the  thigh,  which  shoulil  be  partially  flexed  and  abducted,  as 
in  the  previous  operation.  The  incision  is  made  a  finger's  breadth  to 
the  inner  side  of  the  line  of  the  vessel,  so  as  to  find  the  sartorius  mus- 
cle. This  is  drawn  inward,  exposing  the  aponeurotic  covering  of  the 
canal  between  the  adductors  and  the  vastus  internus.  in  which  the 
vessel  lies.  The  internal  saphenous  nen'c  should  be  found  lying  upon 
the  anterior  surface  of  the  artery,  while  the  vein  lies  behind  and  some- 
what to  the  inner  side.  The  ligature  should  be  passed  from  within 
outward  and  upward,  to  avoid  the  vein,  care  being  taken  not  to  include 
the  ncr\'C, 

Ligature  of  the  Popliteal  Artery. — The  popliteal  artery  is 
most   readily  reached  in   the  middle  of  the  popliteal  space  midway 


J^  Mmtrntm^nm^sKi 


Fjo.  80,— Tc^iograptif  of  ihe  popliteal  artery  (afttr  Lotbkcr). 


between  the  condyles  of  the  femur.  It  lies  directly  upon  the  bone, 
with  the  vein  behind  it,  and  the  internal  popliteal  ner\'e  su|x;rficial  to 
the  vein  and  slightly  to  the  inner  side.  The  patient  should  l>c  placed 
on  his  face,  with  the  leg  extended,  and  a  free  Incision  made  through 
the  skin,  |  inch  outside  of  the  middle  line,  to  avoid  the  internal  saphc- 
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nous  vein.  The-  nerve  can  be  felt  as  a  tense  cord,  and  drawn  to  one 
side,  when  the  vein  will  be  fomid  embedded  in  a  mass  of  .idipose  tissue 
and  intimately  adherent  to  the  artery.  It  should  be  carefully  but 
completely  separated,  and  all  blecdinj;  controlled.  If  the  dissection 
has  been  cJTicicntly  done,  the  lij^ature  may  be  pa.sscd  in  cither  direc- 
tion. 

Ligature  of  the  Anterior  Tibial  Artery. — A  line  drawn  from 
the  inner  side  of  the  head  of  the  fibula  to  the  center  of  the  snide- 
joint  w\\\  indicate  the  course  of  the  vessel.  It  lies  upon  the  interos- 
scus  membrane  in  the  upper  two-thirds,  and  upon  the  anterior  surface 
of  the  tibia  in  the  lower  third.     The  vessel  has  upon  its  inner  side  dn 
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tibialis  anticLis,  on  its  outer  side  the  extensor  longus  digitorum  and 
extensor  proprius  hallucis  muscles;  and  in  the  lower  third  it  is  crossed 
by  the  tendon  (if  the  latter.  The  anterior  tibial  nerve  lies  to  tlie  outer 
side,  except  in  the  lower  third,  where  it  may  be  in  front  of  the  artcr\'. 
In  llie  up]jcr  third  an  incision  should  be  made  in  the  line  of  the  vessel, 
the  deep  fascia  divided,  and  the  intermuscular  space  found.  On  sepa- 
rating the  muscles  the  ves.sel  will  be  seen  closely  attached  to  the 
interosseous  membrane.  In  the  lower  third  tlie  tendon  of  the  extensor 
proprius  hallucis  is  the  best  guide. 

I^i^ttire  of  the  Borsalis  Pedis  Artery.— The  course  of  the 
dorsalis  pedis,  the  continuation  of  the  anterior  tibial  artcr>-,  is  indi- 
cated by  a  line  drawn  from  a  point  midway  between  the  two  malleoli 
to  the  interspace  between  the  first  and  second  metatarsal  bones.  It 
lies  between  the  tendons  of  the  extensor  longus  hallucis  and  the  inner 


Kjo,  fla. ^Topogniplir  of  lie  anwnor  tibial  artery  in  the  lower  half  of  the  leg.  and  of  the 

dorsalii  pedis  (after  Locbkw). 

ouler  side.    The  incision  should  be  made  over  the  prominence  of  the 
instep  in  the  line  of  the  arten'. 

I.ig-attire  of  the  Posterior  Tibial  Artery. — The  posterior  tibial 
artcr>-  extends  from  the  Unwr  imrdtr  of  the  poplitcus  muscle,  at  a 
point  midway  between  the  head  of  the  fibula  and  the  internal  tuljerosity 
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of  the  tibia,  to  the  center  of  a  line  drawn  from  the  lip  of  the  internal 
malleolus  to  the  prominence  oi  the  heel,  tlius  inclining  gradually  to 
the  inner  side  of  the  Ie(j.     In  its  upper  part  it  is  ver>'  deeply  placed. 
being  covered   by  the   gastrocnemius  and  soleus   and  firmly  bound  ^ 
down  to  the  fascia  covering  the  deep  group  of  muscles,  the  tibialis  fl 
posticus  and  tlie  long  flexor  of  the  toes ;  but  as  it  approaches  the 
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ankle-joint  it  becomes  much  more  superficial,  ^ixfi  in  the  lower  third  ii 
covered  unly  by  skin  ami  f;i.scia. 

Ligature  HiKh. — In  llu-  upper  Ivvotliirds  t>f  the  leg  the  vessel  iSi 
so  difficult  to  reach  that  the  operation  is  rarely  done.  The  leg  should] 
be  flexed  at  a  rifjht  angle,  so  placed  that  the  internal  aspect  is  readily! 
accessible,  and  a  free  incision  made  a  finger's  breadth  posterior  to  the- 
inner  border  of  the  tibia.  The  internal  head  of  the  gastrocnemius  is 
pushed  aside,  and  the  attachment  of  the  soleus  to  the  tibia  diWdedl 
(  inch  from  the  bone.  The  deep  intermuscular  fascia  will  then  comci 
into  view,  and  the  muscular  planes   may  be  readily  separated.     The 
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artery  will  be  found  lying  upon  the  tibialis  posticus  muscle,  with  the 
nerve  to  Uic  outer  side. 

Ligature  Low. — The  artery  is  readily  reached  at  the  point  where 
it  passes  behind  the  internal  malleolus,  having  the  tendons  of  (he 
tibialis  posticus  and  (lexor  longus  digilorum  between  it  and  the  mal- 
leolus, and  (he  tendon  of  the  flexor  longus  halhicis  behind.  At  this 
point  the  nerve  generally  lies  posterior  to  tlic  artery ;  but  it  may  have 
divided  above  tin's  point,  when  the  artery  will  be  found  bct\vcen  the 
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two  branches.    A  curved  incision,  a  finger's  breadth  behind  the  internal 
malleolus,  will  readily  expose  the  vessel 

AMPUTATIONS. 

General  Considerations. — This  class  of  operations  may  become 
necessary  because  of  injury,  disease,  or  malformation.  For  the  first 
cause,  in  the  conscr\'ativc  surgery  of  to-day,  anipulations  are  far  less 
common  than  formerly.  In  the  second  class  arc  includi-tl  all  inftrc- 
tious  and  septic  cases.  Operations  performed  immediately  after  the 
injury  arc  s;ud  to  be  primary.  If  ncccssar>*  later,  from  extension 
of  the  scptie  process,  or  to  save  life,  they  are  called  intermediate.  If 
for  improving  the  usefulness  of  the  part,  or  for  other  reasons,  after 
healing  has  taken  place,  they  are  called  iecondary. 

Amputations  arc  said  to  be  in  continuity  when  the  bone  is  sawed 
through  ;  in  continuity,  when  at  the  level  of  the  joint  the  limb  is  dis- 
articulated. 

In  these  three  classes  of  causes  the  success  of  the  operation  may  be 
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said  to  depend  upon  factors  that  are  common  to  all ;  for  instance,  to 
the  shock  of  an  operation  must  be  added,  in  cases  of  injury,  the  sliorl: 
of  the  original  cause.  Therefore,  for  an  injury  it  is  the  rule  to  ampu- 
tate as  low  as  possible,  to  ootain  a  viable  stump,  even  at  the  risk  of 
leaving  a  less  perfect  stump,  as  the  shock  of  the  amputation  varies  directly 
ivith  the  length  of  the  part  amputated. 

Shock  in  these  cases  also  varies  directly  with  the  amount  of  hem- 
orrhage and  the  duration  of  the  operation  ;  hence  celerity,  combined 
with  due  attention  to  hemorrhage,  is  an  important  factor.  On  the 
other  hand,  in  malignant  disease  it  is  all-important  to  remove  the 
disea.se  entirely,  with  sufficient  margin ;  and  in  malformation  most 
attention  must  be  paid  to  the  resultant  stump. 

The  resultant  stump  is  to  be  considered  from  its  locality  as  suc- 
cessful, ill  the  hand  or  foot,  for  its  non-interference  with  other  mem- 
bers, and  somewhat  for  its  appearance  ;  in  the  arm,  for  the  facile 
attachment  of  an  artificial  hand ;  and  in  the  teg  and  thigh,  primarily 
for  their  weight-bearing  function,  absolute  in  sensitiveness  is  essential. 
The  dangers  to  be  avoided  in  the  stump  are,  in  the  skin,  ovcrten- 
sion,  which  may  interfere  with  nutrition  ;  in  the  muscle-flap,  insuffi- 
cient blood-supply,  which  may  delay  healing ;  and  in  the  bone,  rough 
edges  or  careless  laceration  of  the  periosteum,  which  will  give  trouble 
in  the  .stump  by  undue  proliferation  or  necrosis.  Nerves  may  also  be 
caught  in  the  scar,  and  be  a  cause  of  much  pain. 

In  general,  to  obtain  a  good  result,  the  skin-flap  should  be  cut  long 
enough  to  cover  the  stump  without  drawing  tightly,  without  being  so 
loose  as  to  cause  redundancy ;  the  latter  being  the  lesser  eWl.  but 
retarding  somewhat  the  hardening  of  the  stump  into  condition  to  sup- 
port apparatus.  The  scar  will  then  be  freely  movable  over  the  under- 
lying parts,  and  should  be  out  of  the  way  of  pressure ;  for  instance,  in 
the  fingers  the  scar  should  be  on  the  back ;  in  the  leg,  it  should  be  to 
one  side. 

The  muscle-flap  should  closely  approximate  to  its  fellow  or  should 
itself  cover  the  bone.  Nerves  should  be  cut  short  and  allowed  to 
retract:  they  will  then  be  out  of  the  way  of  pressure  in  the  scar,  and 
then,  even  if  "bulbs"  form,  they  will  probably  give  no  trouble.  Ten- 
dons and  fibrous  tissue  should  aLso  be  cut  short,  for  their  blood-supply 
is  never  too  good  ;  and  they  are  likely  to  turn  under  the  long  ampu- 
tating-knifc  and  leave  ragged  edges. 

The  pathological  changes  which  take  place  in  the  stump  are  repre- 
sented by  atrophy  of  the  muscles  and  a  general  increase  of  connecti\'e 
tissue.  Occasionally,  in  a  child,  the  bone  may  continue  to  grow,  and 
this  cannot  be  entirely  avoided  ;  but  a  bad  result  may  in  a  measure  be 
prevented  by  sawing  the  bone  especially  short  in  these  patients.  When 
it  occurs,  a  second  operation  is  the  only  remedy.  To  ensure  smooth 
ends  to  the  bones  the  periosteum  should  be  peeled  back  a  short  dis- 
tance before  sawing,  and  then  turned  over  the  end  of  the  bone.  The 
objection  to  this  method — viz.,  that  osteophytes  may  form  and  pro- 
liferation of  the  bone  ensue — need  not  be  seriously  regarded. 

Arteries,  on  the  other  hand,  should  be  left  long,  for  the  double 
purpose  of  nutrition  of  the  stump  and  the  prevention  of  hemorrhage. 
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dttJMpfcticitv  oflen  drawing  them  back  into  the  tissues,  where  the 
snudler  ones  may  escape  notice  and  give  trouble  later. 

The  necessity  of  drainage  in  the  wound  depends  upon  various  con- 
ditions. I'ollowing  injury,  if  the  tissues  are  bruised  or  lacerated  as  far 
up  as  the  field  of  operation,  or  when  absolute  asepsis  is  not  certain, 
the  wound  must  be  drained.  For  this  puqjose.  especially  in  the  cases 
in  which  there  is  much  bruising,  a  dniinaj^e-tiibc,  preferably  of  rubber, 
is  placed  in  the  most  dcpentient  jart  of  the  skin-uound,  or  tAvo  are 
placed  in  opposite  comers  of  the  wound,  if  these  are  equally  depend- 
ent. In  cases  less  likely  to  be  followed  by  much  sernus  effusion,  a 
small  wick  or  strand  of  gauze,  or,  better  still,  a  sniall  roll  nf  niblier  tissue, 
may  be  placed  in  the  wound,  and  one  or  two  provisional  sutures  placed 
where  tlie  skin  is  left  open.  These  may  be  tied  twenty-four  hours 
later,  when  the  wick  is  removed.  In  other  cases,  when  the  condi- 
tion of  the  patient  is  such  that  haste  is  all-important,  the  whole 
wound  may  be  packed  with  gauze,  with  or  witliout  provisional  stitches 
in  the  flaps.  The  gauze  is  removed  as  indicated  when  tlie  wound  is 
dry  and  the  patient  lias  recovered  from  the  shock  of  the  operation. 
This.of  course,  is  not  intended  to  apply  to  amputations  following  acute 
infectious  processes,  where  the  wound  is  necessarily  left  open  and  kept 
moist  with  antiseptics,  in  direct  opposition  to  the  dr>'ing  and  close 
suturing  of  flaps  which  favor  rapid  healing  in  aseptic  cases. 

Much  of  the  close  apposition  desired  is  gained  by  a  proper  dressing. 
The  stump  should  be  placet!  on  a  straight  splint  which  extends  beyond 
the  end  of  the  slump,  and  must  not  be  too  broad,  since  that  will  cause 
the  stump  to  flatten,  and  the  pres'^ure  cannot  be  evenly  disti-ibuted. 
The  dressing  .should  be  not  too  voluminous,  larger  in  ca.ses  with  drain- 
age than  in  those  without  it.  and  .should  be  both  absorbent  and  elastic. 
These  qualities  are  combined  in  a  dressing  of  ab.sorbent  gauze,  with  a 
layer  of  absorbent  cotton,  and  over  all  sheet  wadding  ;  the  whole,  of 
course,  sterilized.  Handages  are  applied  with  even  pressure,  tight 
enough  to  obliterate  any  6t^%i  space,  but  not  so  tight  as  to  im|>cde  the 
circulation. 

Methods  of  ControUini:  HemorrhaKC — Hemorrhage  is  a  very 
important  feature.  Secondary  hemorrhage  has  been  a  most  frequent 
caust-  of  fatal  results;  and  free  bleeding  of  small,  retracted  vessels 
results  in  clot-formation,  which  clot  may  break  down  and  suppurate, 
causing  healing  by  .second  intention  even  under  careful  asejitic  precau- 
tions. Hemorrhage  is  controlled  at  the  lime  of  operation  by  various 
methods.  The  main  arter>'  supplying  the  part  is  held  either  by  the 
hand  of  an  assistant  or  by  a  tourniquet.  This  may  be  one  of  several 
pjilterns.  It  was  originally  a  pad  placed  over  the  artery  under  a  few 
turns  of  a  bandage,  which  bantlage  w;ls  tightened  by  drawing  o\er  a 
short  slick  that  was  turned  till  pulsation  ceased  in  the  part  below. 
Such  a  touniiquet.  modified  and  improved,  is  represented  in  the  Petit 
tourniquet  (Fig.  8$).  It  may  consist  of  a  steel  band,  with  two  pads 
where  the  blood-supjily  is  double,  as  at  the  wrist,  tiglitened  by  a  screw 
at  the  side.  The  ordinary  rubber  tubing  tourniquet,  applied  with  one 
or  more  turns,  is  the  Ixrst  metho<i  of  control,  and  it  has  sujierseded  all 
other  devices.     The  tissues  may  be  rendered  more  or  less  bloodless  by 
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elevation  of  the  limb  or  by  the  application  of  the  rubber  bandage  (Es- 
niarch).  This  has  sonic  disadvantages  in  that  it  may  drive  a  thrombus. 
septic  material,  or  minute  particles  of  malignant  disease  into  the  gen- 
eral circulation.  The  advantage  of  throwing  the  blood  of  the  part  into 
the  rest  of  the  vascular  system  is  (iiicslionablc  except  in  cases  of  very 
low  blood-pressure;  and  there  Is  danger  of  too  mucli  vasomotor  paral- 
ysis occurring  as  a  result  of  the  pressure  of  the  bandage,  so  that  when 

the  tourniquet  is  removed  the 
field  of  oix-ration  itself  has  an 
engorged  and  sluggish  circu* 
lation. 

In  the  wound  itself  each  ves- 
sel, as  seen,  should  be  secured 
witji  a  ligature  of  the  selected 
material,  tied  firmly  but  not  too 
tightly.  Ballancc  and  Edmunds 
have  shown  conclusively  that  to 
occKide  an  artery  it  is  not  neces- 
sary to  rupture  any  of  the  coals, 
and  that  the  danger  of  secondajy 
hemorrhage  is  even  less  where 
the  coats  arc  left  intacL  A  broad 
ligature,  ensuring  apposition  of 
the  intima  for  a  certain  distance, 
is  best — cither  an  animal  tendon, 
chromic  catgut,  or  silk.  Ha\ing 
secured  all  the  larger  vessels,  the 
wound  is  sponged  dry  and  the 
tourniquet  loosened  gradually. 
As  the  smaller  vessels  rc\*eal 
themselves,  they  in  turn  arc 
picked  up  and  tied.  General 
oozing  is  treated  by  a  thorough 
flushing  with  a  hot  saline  solu- 
tion or  with  ver>'  dilute  anti- 
septics, after  which  the  wound  is 
sponged  dr)'  and  closed.  Care 
must  be  taken  that  the  ligature  is  far  enough  from  the  end  of  the  \'es- 
scl  not  to  slip  off",  and  that  the  first  hitch  docs  not  slip — that  is.  l>cconie 
loosened.  The  second  hitch,  taken  in  the  opposite  direction,  completes 
the  "  reef  or  square  knot,"  as  illustrated  in  Fig.  86.  Some  sui^eons 
prefer  to  make  the  first  a  "surgeon's  knot,"  which  is  simply  an  extra 
turn  on  the  thread.  This  does  not  slip,  but  has  the  disadvantage  of 
not  pulling  up  sitmoihly,  and  it  is  difficult  to  estimate  the  amount  of 
force  required.  If  a  second  hitch  is  made  over  it,  the  knot  is  too  thick ; 
without  the  scrcond  hitch  it  is  not  reliable.  Serious  and  even  fatal 
hemorrhages  have  followed  its  use.  The  last  step  is  the  closing  of 
the  wound  and  the  application  of  the  pressure-dressing. 

The  preparation  for  an  amputation  ccmsists  in  the  aseptic  and  anti- 
septic precautions  described  in  the  ]>receding  chapter,  the  preparing  of 


Fig.  85. — PetJl's  toamiqucL 


Fig.  86  —Square  knot. 
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a  splint  and  dressing,  and  the  ins(rttmcHts  as  {jiven  below.  An  ampu- 
tating-knife  and,  if  desired,  a  smaller  blade  for  dissection  of  the  skin- 
finp  are  needed.  If  there  arc  two  bones  in  the  amputation,  as  in  the 
forearm  and  leg,  then  the  catlin  knife,  with  both  edges  sharpened,  is 


FlO,  87. — A mpuw! ion-knives  for  ordinary  use. 

necessary ;  also  scissors,  toothed  dissect ing-f ore cps  and  artery- forceps, 
compression  or  hemostatic  forceps,  bone-cutting  forceps  for  trimming 
rough  edges,  if  necessary,  or  for  cutting  (he  bone  itself;  but  loo  large 
bones  or  eidges  must  not  be  cut  with  these,  as  splintering  occurs.    Lion- 


Fic.  d8.— Cniltn  ampu tatiiif -knife. 

jawed  forceps  arc  of  use  in  holding  or  manipulating  the  bone,  espe- 
cially in  amputations  in  contiguity.  Retractors  of  various  patterns  may 
be  used,  or  spatul«e ;  but  generally  two  gauze  strips  crossed,  with  a 
third  between  the  bones  if  there  are  to  be  two.  afford  most  efficient 
retraction.  There  should  be  a  periostcum-clcvalor ;  and  last,  the  saw, 
which  should  be  strong,  with  closely  set  teeth.  In  addition  to  these, 
there  must  be  needles  with  sutures,  and  ligatures  of  the  selected 
material ;  and  drains j^L-fii;i!fria Is.  if  these  are  to  be  used. 

Methods  of  Amputating. — Operations  may  be  divided  into  two 
general  classes — the  skin-fiaf>  and  the  mitsile-fiap.  These  are  subdi- 
vided into  circular  and  oval  methods.  These  classes  are  not  generally 
recognized,  but  seem  to  be  clearly  distinguished,  as  the  circular  method, 
described  by  all  autliors,  is  done  under  the  one  class  or  the  other  inde- 
pendently. For  instance,  in  the  thigh  ihc  knife  sweeps  first  through 
the  skin  (which  is  retracted);  second,  through  the  superfidiil  nmscles. 
these  in  turn  being  retracted;  three  or  four  sweeps  reach  the  bone, 
which  is  then  sawed  through,  and  is  found  to  be  the  apex  of  a  cone- 
shaped  wound,  the  sides  of  which,  when  closed,  approximate  the  cut 
surfaces  of  the  muscle  to  each  other,  while  the  fascia  and  skin  come 
together  over  all.  Properly  s[H:aking.  this  is  a  muscle-flap  operation. 
But.  on  the  other  hand,  in  the  forearm  the  circular  cut  is  made  through 
the  skin  alone,  which  is  then  dis.sected  back,  and  the  muscles  are  cut 
directly  through  to  the  bones,  which  are  sawed  high  in  the  wound. 
The  skin  is  closed  directly  over  the  cut  musclc-cdges.  This  is  a  skin- 
flap  operation. 

The  Circular  Method. — The  surgeon  should  stand  beside  the 
p^itient.  so  that  his  left  hand  may  grasp  the  limb  to  be  operated 
upon  on  the  proximal  side  of  tlie  line  of  amputation.     While  the  part 
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to  be  amputated  is  ht:ld  by  an  assistant,  another  draws  the  skin-tissue 
firmly  upward.  The  incision  is  beffun  at  the  top,  the  surgeon's  anit 
being  passud  under  and  to  the  further  side  of  the  limb,  and  the  knife 
held  point  upward,  with  the  blade  toward  him.  A  single  slow  sweep 
of  the  knife  carries  the  incision  through  the  skin  and  subcutaneous 
tissues  to  the  muscle- fascia,  completely  around  the  part,  ending  at  the 
starting-point.  The  skin  is  then  dissected  back  a  short  distance,  and  3 
second  sweep  of  the  knife  in  the  same  manner  cuts  the  superficial 
muscles  ;  while  these  are  held  retracted  a  third  cut  completes  the  inci- 
sion to  the  bone.  With  a  periosteum-elevator  the  periosteum  is 
stripped  back  from  the  cut  which  the  last  sweep  of  the  knife  has  made, 
and  the  saw  is  applied  |  to  ^  inch  higher.  The  sawing  should  be  done 
slowly  at  first,  to  avoid  jumping  of  the  saw,  and  very  slowly  just  before 
the  bone  is  cut  through,  to  avoid  splintering.  The  left  arm  of  the  sur- 
geon will  naturally  be  held  in  a  line  parallel  with  the  working  of  the 
saw,  and  the  assistant  who  is  holding  the  part  should  also  have  his  ann 
parallel,  not  at  right  angles,  as  he  can  then  firmly  resist  the  thrust  of 
the  saw.  To  prevent  the  bone  binding  the  saw  in  the  cut,  thie  bone 
should  also  be  held  somewhat  against  the  saw,  but  without  force,  or 
the  bone  will  be  broken  and  splintered  before  the  saw  cuts  through. 
If  there  are  two  bones  to  be  sawed  through,  the  saw  should  be  applied 
to  the  larger  first ;  and  when  a  groove  is  made,  the  smaller  bone  is  cut 
through,  the  saw  running  in  this  groove  as  a  guide.  Finally,  the 
larger  bone  is  cut  through.  Any  sharp  edges  are  trimmed  with  the 
cutting-forceps,  the  periosteum  drawn  forward  over  the  end  of  the  bone, 
and  the  wound  closed. 

The  Method  by  Circular  5kin-flap. — The  above  description  applies 
to  this  method,  save  that  the  skin  is  dis.sected  a  little  further  back,  and 
the  muscle-incision  is  carried  at  once  to  the  bone. 

The  Oval  Method. — Where,  for  any  reason,  it  is  desired  that  the 
scar  shall  not  be  terminal,  it  may  be  made  lateral  by  one  of  the  oral 
methods,  which  may  be  either  of  muscle  or  of  skin-flap.  The  muscle- 
flap  operation  may  be  done  by  transfixion  or  from  the  outside.  Trans- 
fi.xion  is  the  method  of  surgeons  of  earlier  days,  and  belongs  to  times 
when  brilliancy  and  speed  were  accounted  of  most  value.  There  is 
much,  however,  to  be  said  for  it,  as  with  a  thin  but  sufficiently  rij^id 
knife,  I  or  2  inches  longer  than  the  diameter  of  the  limb,  a  beautifully 
clean  cut  can  be  made.  The  knife  is  thrust  directly  through  the  limb, 
at  the  level  where  the  bone  is  to  be  sawed,  and  passes  just  over  the 
bone  at  this  i^oint,  and  out  at  the  other  side,  the  cutting-edge  facing 
toward  the  extreniit>'.  It  is  then  brought  directly  out  through  all 
apposing  tissues  to  the  point  on  the  surface  where  the  lowest  part  of 
the  long  flap  is  designed  to  be.  This  flap  is  turned  back,  the  bone 
sawed,  and  the  muscles  and  skin  cut  straight  through  to  the  opposite 
side.  The  line  of  scar  will  then  be  on  the  side  oppo.site  the  long  flap. 
Variations  of  this  method  have  received  special  names,  as  the  long 
anterior  flap  opcratiou,  and  the  rirtanj^u/ar  Jfap  or  the  lateral  ^ap. 

To  accomplish  this  result  as  to  the  location  of  the  scar  in  the  class 
of  skin-flap  operations,  similar  incisions  are  made  through  the  skin 
alone.     In  the   oval  incision   the  knife  starts  on  one  side  and  passes 
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obliquclj-  downward  and  across,  is  transverse  on  the  opposite  side,  and 
conies  obliquely  upward  and  across  to  Uie  starting-point.  The  most 
frequent  variation  of  this  Ls  the  so-called  rmket  nulhod,  whicli  has  a 
straight  vertical  incision  at  the  start,  is  oblique  on  the  sides,  and  oppo- 
site to  the  beginning  of  the  incision.  It  is  much  used  in  amputations 
at  the  metacarpophalangeal  joints,  having  the  advantages  of  neatness 
and  bringing  the  scar  cmircly  out  of  the  gra.sping  surface  of  the  hand. 

Another  modification  of  this  is  to  cut  iv\u  omiI  flaps,  equal  or 
unequal  in  length,  the  advantage  of  which  is  the  avoidance  of  the 
corners  which  are  present  in  the  circular  flap  operation,  and  the  bring' 
ing  together  of  the  skin  smoothly,  with  even  pressure,  over  the 
rounded  stump. 

Amptitation  of  the  Fingers. — Because,  in  the  majorit>'  of  cases, 
anipulaiion  of  a  finger  is  necessitated  by  trauma,  the  surgeon  often 
has  to  adapt  his  methods  to  the  case.  When  jjossible,  however,  a 
long  flap  should  be  taken  from  the  palmar  surface,  in  order  that  the 
most  sensitive  skin  .^liall  be  on  the  palmar  and  the  cicatrix  on  the  dorsal 
surface.  It  is  of  prime  tmpoitancc  to  save  cvcrj-  possible  part  of  the 
hand  or  finger  (except  in  malignant  disease),  as  no  apparatus  can  ever 
compensate,  and  the  most  unpromising  stumps  are  of  use.  In  ampu- 
tating through  a  joint,  the  finger  should  be  llcxed,  the  joint  oj>ened.  a 
long  palmar  l1ap  matie  by  keeping  the  knife  close  to  the  under  surface 
of  the  distal  bone,  and  the  flap  turned  over  to  meet  a  short  dorsal 
one,  thus  bringing  the  scar  on  the  back.  The  same  flaps  should  bo 
made  when  amputating  through  a  phalanx.  The  vessels  are  on  either 
.side  of  the  finger,  and  bleeding  niny  be  controlled  by  pressure  or 
sutures. 

Amputatlan  through  the  MetHcarpophainngcal  Articulations. — In 
the  removal  of  an  entire  finger,  an  incision  should  be  matle  about 
\  inch  above  the  joint  on  the  dors.d  surface,  and  carried  around  the 
finger  to  a  point  }  inch  from  the  \^'eb  on  the  jialmar  surface;  and  a 
similar  incision  should  be  made  on  the  other  .side  of  the  finger  to  meet 
it.  The  soft  structures  are  then  divided,  the  finger  removed,  and  the 
flaps  trimmed  and  brought  together. 

The  incisions  should  be  modified  for  each  finger,  in  order  to  bring 
the  resulting  scar  as  far  from  the  palmar  surface  as  possible.  A 
long  palmar  flap  may  he  used,  or  the  incision  known  as  M;ilgaigne's 
racket  may  be  made,  which  is  somewhat  of  a  Y-shapc,  the  handle 
being  on  the  dorsal  surface.  Several  fingers  may  be  removed  at  once, 
although  it  is  advisable  to  remove  eiich  separately  by  the  most  suit- 
able incision.  Hemorrhage  can  be  controlled  by  ligatures  or  pressure 
(Fig.  «9i. 

Amputation  of  the  Metacarpal  Bones. — Tlie  removal  of  a 
metacarpal  bone  along  with  the  tinger  is  an  operation  not  often  done. 
The  usual  way  is  to  remove  the  finger  with  [wrt  of  the  mcta&irpal, 
which  is  a  much  simpler  procedure.  However,  it  is  sometimes  ncces- 
sarj*  to  remove  the  first  or  fifth  metacarpal  entire.  This  is  attended 
with  less  difficulty,  as  the  lendon-she.iths  over  these  bones  do  not  eom- 
muntcale  directly  with  the  other  syni>vial  sheaths  in  the  palm,  and  thus 
danger  of  infection  of  the  wrist-joitit  is  avoided.  The  same  incision  i-i 
used  as  for  amputation  at  the  metacarpophalangeal  joint,  the  dorsal 
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incision  being  carried  far  enough  up  to  expnse  the  bone  fMalijaii^nc'- 
racket}  (Fij^.  qo).  The  soft  parts  are  carefully  separated,  and  iht;  \>^ji^-. 
cut  with  forceps  or  disarticulated,  as  the  case  may  be.  Great  care 
must  be  taken  not  to  injure  tlic  palmar  arch,  which  crosses  on  tlic 
palmar  side  of  the  bones  near  to  the  proximal  ends.  In  remoWng  tbei 
first  metacarpal,  the  operator  sJiould  remember  the  relation  of  the' 
radial  artL-rj',  which  jwisses  around  its  uhiar  side.  The  fifth  metacarpal 
is  more  acccst^ible  from  a  lateral  incision. 

Ampiatation  at  the  Wrist.— Circular  Method  (Fig.  9t>.— In' 


FIC,  89.^Dnrsnl  view  of  bnnd,  Einrtic- 
nlation  of  llie  fingers  by  tackel  inctsloni: 
4.  exarlluuUliDn  uT  ttir  ihumli  liy  fliip  in- 
cision: a  a.  ^KiuUculaiiun  of  ilie  hand  liy 
long  dorMl  flnp. 


Fkj.  qa— Hand,  view    from  dorul  tide: 

a.  vxiu-liciilntKm  uf  the  index  linscr  ■'  ••>* 
carpomeUcarpHl  jfiint  with  racket  lOcnkA; 
k.  eKarltculatirin  nf  ihr  third  and  foonfe 
fiRtaorpal  bonei  vriih  <^>val  inci&ion.  r. '^ 
ariii'ulaiinn  of  the  lifth  mcLicaifnl  bone  wiib 
Aap  iiici»ii>n. 
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this  method  tbe  surgeon  makes  a  circular  incision  about  the  wristk 
beginning  i>n  the  radial  si<le.  The  incision  should  Ix-gin  about  \  inch 
below  the  styluid  [Jioccss  of  the  ulna,  and  incline  somewhat  lower 
toward  the  radial  side,  as  the  styloid  process  of  the  radius  Is  the  longer. 
The  skin  is  then  dissected  off  and  reflected  back  as  a  cuff,  bi^tfei 
styloids  being  exposed.  The  hand  is  sharply  flexed,  and  the  soft 
parts  divided,  beginning  at  the  radial  side,  with  the  external  lateral 
ligament  and  extensor  tendons,  tlien  the  internal  Intend  ligament  and 
anterior  ligament,  finally  coming  through  the  joint  and  cutting  the 
flexor  tendons  last.  The  vessels  are  the  radial,  the  ulna,  and  the  ante- 
rior interosseous. 

Anteroposterlur  Flaps. — Here  two  equal  flaps  arc  made,  one  froti|fl 
:h  surface.     For  the  dorsal  flap  a  curved  incision  from  one   stvioKl 


I 


each 
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to  the  other  is  made,  a  similar  one  being  cut  from  the  palmar  ."iurface. 
The  flaps  are  turned  back  and  the  soft  parts  divided.  Amputation 
with  the  long  palmar  Hap  need»  little  explanation.  It  is  a  modification 
of  the  other  method.  The  palmar  flap  extends  from  jusl  below  the 
st)'loidsto  the  middle  of  ihc  metacarpal  bones  ina  U  shape  (Fig.  91,^), 
the  dorsal  incision  being  a  straight  cut  over  the  articulation,  joining 
the  two  ends  of  the  U. 

External  Lateral  Flap.—This  is  known  as  Dubructt's'  operation, 
and  may  be  briefly  described  as  follows:  The  incision  is  begun  at  the 
back  of  the  wrist,  at  the  junction  of  the  outer  and  middle  thirds,  and 
\  inch  below  the  line  of  the  wrist-joint,  is  carried  downward  toward  the 
thumb,  and,  cro.ssing  the  first  metacarpal  bone  at  its  middle,  returns  to 
a  point  on  the  pahiiar  surface  opposite  its  starting-place.     Dissecting 


FlU.  91  — l*;tliiMr  view  of  hnnd,  ibowlog  circular  mi^UiocI  orainpuiiLiinn  at  (he  wTbl  (dA):  long 
IKiIm»r  flap  (/) ;  Dtil>riiriV%  incUion  (.1 1) 

the  flap  to  its  base,  making  it  as  thick  as  possible,  the  skin  and  soft 
parts  internal  to  the  flap  are  now  divided  by  a  circular  cut  on  a  level 
with  the  base  of  the  flap.  Disarticulation  is  thus  cfTected,  and  the 
flap  is  brought  transversely  across  and  sutured  (Fig.  91,  d<"). 

Ampatation  of  the  Forearm. — All  authorities  agree  that  the 
circular  method  is  the  best  for  amputation  of  the  lower  third,  and  llic 
flap  method  for  the  other  two-thirds.  In  the  circular  meth()d  "the 
skm-cut  is  made  at  a  distance  below  the  future  saw-Unc  equal  to  tlie 
anlcro|>osterior  iliameler  of  the  limb  at  that  line"  (Treves).  The  soft 
parts,  principally  tendons,  are  best  divided  by  transfixion  from  within 
outward.  In  sawing  the  bones  it  is  best  to  saw  the  radius  first,  then 
the  ulna,  the  radius  being  the  movable  bone.     In  the  anteroposterior 

*  For  full  de«cri|>iion  kc  Chdol  ( Ckirmrjpt  Oftratare,  1S86). 
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flap  method  the  flaps  should  be  marked  in  the  skin  with  a  knife. 
after  retraction  has  taken  ptacf  two  equal  muscle-flaps  fmm  the  ante- 
rior and  postfrior  surfaces  should  be  cut  by  transfixion  (Fig.  92). 

Another  method,  which  is  suitable  for  use  in  any  part  of  the  aim, 
is  to  make  two  curved  skin-flaps  and  divide  the  otlicr  soft  parts  by  a 
circular  cut.     The  skin-flaps  may  be  of  equal  length,  or  the  posterior 


/.\ 


-  .'  '  >• 
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Fia  90. — Ampuuiion 


■ifm  ■  I.  Flap  method.  pnst.-ri<iT  ^ncw. 
circulai*  mclhail  (iiti). 


s.  Flap  melttod  (i4); 


The  vessels  arc  the  radial,  ulnar,  anterior 


one  somewhat  the  lonjjer. 
and  posterior  interossci. 

Amputation  at  the  ^Elbow-Joint.— There  are  several  methods 
described  for  iIiIk  operation  :  iIk-  anturior  flap,  the  circular,  the  lateral 
flap,  and  the  elliptical. 

Anterior  Flap  Method. — With  the  arm  extended  and  the  hand  in 
supination,  an  anterior  skin-incision  is  made  beginning  at  a  point  an 
inch  below  the  joint  on  the  ulnar  side,  extending  in  a  long  curve  to 
about  3i  inches  from  the  bend  of  the  elbow,  and  terminating  \\  inches 
below  the  external  condyle.  This  will  give  a  U-shaped  flap.  The 
ends  of  the  anterior  cut  are  joined  by  a  po.slerior  one.  Some  operators 
prefer  to  do  this  by  making  a  short  posterior  flap.  After  the  skin  has 
been  retracted,  the  anterior  muscle-flap  is  cut  by  transfixion  and  lifted 
up,  and  any  deep  musclc-fibcrs  that   may  be  left  are  divided.     The 


FlC.  93-*~'>-  Amputation  of  The  upp«r  «nn. 
Oap  rnelliod:  h.  daailitulativn  u(  tlie  elbows 
€.  anterior  flap  meltiod. 


brachial,  or  the  radial  and  ulna,  according  as  the  bifurcation  of  the 
brachial  is  hijjh  or  low. 

The  Lateral  Flap  Method. — This  operation  may  be  done  with  one 
long  external  flap,  or  an  external  and  an  inteniiil  flap.  The  external 
flap  should  be  made  by  transfixion,  the  knife  entering  close  to  the  head 
of  the  radius  and  emerging  at  the  back  of  the  joint,  on  a  level  with  it, 
near  the  olecranon.  The  knife  is  carried  downward,  cutting  a  flap  4 
inches  long.  The  ends  of  the  external  tnci.sion  are  now  joined  by  an 
internal  inci.'^ion.  Disarticulation  is  effected  by  opening  the  joint  from 
the  radial  side. 

Amptttation  of  the  Arm  ( Fig.  93"). — This  operation  may  be  per- 
formed by  any  of  the  recognized  methods  of  amput.ition,  the  circular 
being  better  adapted  to  the  lower  jiart  of  the  member.  The  tissues 
on  the  inner  side  of  the  arm  have  the  j^reater  power  of  retraction,  and 
this  is  to  be  remembered  tn  making  a  circular  cut.  The  method  which 
i.^  recommended  by  W'yeth  and  others  can  be  used  on  any  portion  of 
tlie  arm.     It  consists  of  a  circular  skin-incision,  made  with  a  slant  to 
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tlie  inner  side,  and  a  short  iiidsion  at  right  angles  to  it  on  tht 
side.     This  enables  one  to  make  a  good  cuff.    The  muscles  are  divided 
by  a  circular  cut  to  the  bone,  parallel  to  the  circular  skin-cut. 

Amputation  at  the  Shoulder-joint. — The  greatest  difficulty*  in 
amputation  at  iJic  shoulder-joitit  lies  in  controlling  hemorrhage ;  the 
Esniarch  tourniquet,  as  used  by  Wyelh,  or  a  preliminary  ligature  or 
digital  compression  of  the  axillary  artery  and  vein  being  required. 
Those  methods  of  nniputation  which  afford  the  best  opportunit\*  for 
securing  the  vessels  have  met  with  the  most  approval,  and  in  general 
provide  for  the  completion  of  the  greater  part  of  the  operation  as  well 
as  for  ready  digital  compression  or  ligature  of  the  vessels  in  the  flap, 
before  their  actual  division. 

The  Oval  Method  {Larrey). — An  indsion  is  made  from  just  bclov 
the  acromion  down  llie  outer  aspect  of  the  arm,  through  the  deltoid 
muscle  to  the  bone.  This  incision  is  prolonged  for  about  4  inches,  and. 
from  its  middle,  antenor  and  posterior  slcin-incisions  arc  made,  which 
meet  on  the  internal  surface  of  the  arm  at  the  level  of  the  Iowa- 
extremity  of  the  first  incision.  The  anierii»r  flap  is  dissected  up.  divid- 
ing llie  peetoralis  major  at  its  insertion  and  exposing  the  axillary  arien'. 
The  posterior  flap  is  dissected  close  lo  the  liumerus,  to  avoid  wound- 
ing the  posterior  circumflex  artery.  .Up^vard  pressure  on  the  clbnyr 
now  puts  the  joint-capsule  on  the  stretch,  so  that  it  may  be  divided 
against  the  head  of  the  humerus,  and  rotation  iinvard  and  outward 
allows  division  of  the  muscles  in  front  and  behind.  Continued  upward 
pressure  and  abduction  of  the  humend  head  [lermit  division  of  the  cap- 
sule and  the  muscular  attachments  below  the  joint.  While  an  assistant 
now  compresses  the  ajcillary  artery  in  the  anterior  |Kirt  of  the  wound, 

a  single  cut  downward  divides  the  ve*.seU 
and  joins  the  original  oval  skin-indAion, 
conipleting  the  disarticulation.  ^ 

The  Double  Flap  Method  (Kig.  95X~fl 
The  muscular  mass  c»r  the  deltoid  may  be 
used  as  a  flap,  and,  whether  cut  by  trans- 
fixion (I.isfranc)or  dissected  from  without 
inward,  will  still  permit  the  compression 
of  the  axillary  artery  in  the  wound  before 
its  fuval  division.     The  indsion  will  reach 
from  the  tip  of  the  coracoid  process  in 
front,  downward  nearly  to  the  insertion 
of  the  deltoid,  ami  upward  again  to  the 
base  of  the  acromion  behind.     After  this 
U-sha]x:d   flap  is  dissected  up  from  the 
bone   the  joint    is  exposed    and    opened  ■ 
from  a])ove,  the  rotators  divided,  and  the  ™ 
head  nf  iht-  luimerus  drawn  out  from  the 
glenoid  cavity  to  allow  space  enough  for  m 
the  fingers  of  the  assistant  to  compress  f 
the  vessel  on  the  axillarj'  side.     The  am- 
putation  is  now   ctmipleted   by   a   down- 
the  humerus  toward  the  chest-wall,  forming  a 


I 
\ 


I 
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PlO.  95. — Amputation  .kl  iho 
ihouldcr-jofnt :  *  4.  Urcc  external 
lap:  ^tf.  by  rukcl  Indiion. 


ward  cut  from 
internal  flap. 
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5pence's  Method. — This  differs  from  I-arrey's  opcrntion  only  in 
detail.  The  incision  is  .started  more  on  the  anterior  aspect  of  the  arm. 
near  the  coracoid  process,  and  extends  through  tJic  insertion  of  the 
pectoralts  major,  then  curves  backward  to  the  posterior  axillary  fold, 
across  the  axillary  aspect  of  the  arm.  and  upward  to  meet  the  oilier 
incision  over  the  pectoral  insertion.  Di.s^ection  and  division  of  the 
muscles  inserted  into  the  tuberosities  arc  more  readily  performed  by 
means  of  this  incision,  althouji^h  the  disarticulation  and  control  of  the 
artery  arc  the  same  as  in  Larrey's  operation.  Spence's  method  is, 
furthermore,  applicable  particularly  to  cases  in  which  a  preliminary 
incision  and  examination  of  the  joint-structuies  arc  desired  before 
anipiit;ition  is  decided  upon. 

Wyeth's  Method. — The  safest  and  best  waj'  to  control  hemorrhage 
at  the  shoulder  is  to  employ  Wycth'.s  transfixion-pins  in  the  same 
manner  that  they  arc  used  at  the  hip-joint  (see  Hip-joint  Amputation. 
p.  363).  One  pin  is  Introduced  anteriorly  into  the  clavicular  portion 
of  the  pectoral,  and  brought  out  just  above  its  axillar\-  border;  the 
other  one  is  thrust  through  the  deltoid  behind  the  joint,  the  point 
being  brought  out  about  3  inches  lielow  its  entrance.  The  tourniquet 
is  then  wound  tijjhtly  above  (hem.  The  amputation  may  now  be  done 
without  fear  of  the  tourniquet  slipping- 

Amputation  of  the  Arm,  Scapula,  and  Part  of  the  Clavicle 
i^Btrga'). — The  removal  of  llic  wlmli;  up(>er  extremity  requirt-s  a  pre- 


Fl^.  q6.— IntcricapuloihQfatu;  ami>i:;   t, 


liminary  ligature  of  the  subclavian  vessels.  This  is  best  done  by  the 
method  of  Reiser.  An  incision  is  bc^^un  at  the  outer  edge  of  the 
stemomastoid,  and  continued  along  the  clavicle  to  its  acromial  end. 
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The  periosteum  is  tlien  divided,  and  the  middle  third  of  the  claviclf 
CNcisccI  by  means  of  a  chain-saw,  leaving  a  space  through  which  the 
subclavian  arlcr>'  and  vein  can  be  double-tied  and  cut.  From  Uie 
middle  of  the  antcnor  ]i]>  of  the  clavicular  incision  the  knife  i^  passed, 
in  an  outward  sweep,  over  the  deltoid  muscle  to  the  outer  end  of  the 
anterior  axillary  foUl,  across  the  inner  aspect  of  the  ami,  and  inwarti 
and  tlownward  on  the  trunk  to  the  angle  of  the  scapula.  From  this 
point  an  incision  passes  upward  over  the  spine  of  the  scapula  to  join 
the  first  clavicular  incision  at  its  outer  end.  These  incisions  al  first 
involve  only  the  skin;  but  the  anterior  one  is  now  deepened,  and  its 
edge  raised  and  dissected  hack,  as  a  flap,  to  take  in  the  muscular  origins 
of  the  [jectoraiis  major  anil  minor,  which  are  divided  near  their  Jnser- 
tiun.  The  nerve-trunks  of  the  brachial  plexus  are  now  cut  at  the  level 
of  the  division  *»f  the  artery  and  vein,  and  the  anterior  attachments  of 
the  exlrcmitj'  are  free.  'Ihe  latissinius  dorsi  is  now  divided  by  deepen- 
ing the  posterior  incision,  and  upon  reflecting  this  [wstcrior  flap  toward 
the  spine  the  trapezius  is  exposed  and  divided  close  to  the  scapula  and 
cla\iclc.  The  muscles  now  holding  the  scapula  to  the  trunk — the 
omohyoid,  levator,  serratus.  and  rhomboids — are  tlivided  from  abox-e 

downward,  and  the  extremity  is  removed. 
The  flaps  come  together  from  before  back- 
ward and  downward,  and  form  a  linear  scar. 
Amputation  of  the  Toes. — A  knowl- 
edge of  the  important  structures  tn  the  ante- 
rior part  of  the  foot  is  of  the  greatest  im- 
portance in  amputation  in  this  region.  The 
heads  of  the  metatiirsal  banes,  particularly 
the  first  and  fifth,  and  the  base  of  the  first 
phalanx  of  the  great  toe,  arc  to  be  prescr\'ed 
if  possible ;  whereas  the  terminal  phalanges 
of  the  otlier  toes  may  best  be  removed  in 
their  entirety  by  disarticulation  at  the  meta- 
tarsophalangeal joint.  Amputation  of  the 
great  toe  through  the  first  phalanx  may  be 
performed  by  an  oval  or  racket  incision,  com- 
mencing above  the  web.  or  by  a  single 
plantar  flap.  Disarticulation  at  the  nieta- 
t  .1  r  sop  ha  langeal 
jomt  of  the  lesser 
toes  is  best  per- 
formed by  a  nicket- 
incision  which  jusi 
clears  the  web  of 
the  toes  on  its  plan- 
tar surface.  Much 
care  must  be  taken 
to  avoid  a  scar  on  the  plantar  surface,  and.  in 
the  case  of  the  great  toe.  to  provide  sufficient 
soft  parts  to  cover  in  the  bone  ( I-'ig.  q^). 

Disarticulation  of   the  Qreat  Toe  at  the   iHetatarsophalanfj^eal 
Joint. — Where  injury  or  disease  of  the  soft  parts  permits,  tliis  operation 


.^€t 


Flfi.  .;i7,— aa.  EiarlLCulatlon  iif 
thf  ijrr.ii  toe  wilh  donnl  nnd 
|i1:ini:ir  tt;ipi> :  i.  i-xjirticulaliirii  of 
tl>c  &ccoad  toe  witli  racket  in- 
cisinn ;  £.  cxnrltciilnliiin  nf  (hr 
fcinrlh  top  with  raekci  iDci^mn  ;  J. 
M.irii  coin  tin  n  of  the  %ma\\  Coe 
with  fortTMlion  of  nn  oiiltT  flnp. 
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may  be  performed  by  means  of  a  large  interna)  flap.  The  incision 
iK-gins  at  the  level  of  the  joint,  and  passes  clc)wn  on  the  inner  side  of 
the  dorsum  of  the  tne  to  the  end  of  the  first  phalanx  ;  from  there  it 
turns  inu-ard  aruund  the  tot;  to  the  plantar  surface,  upward  as  faros 
the  web.  and  back  to  the  first  incision  at  its  beginning.  This  incision 
is  carried  down  to  the  bone,  and  the  flap  thus  formed  is  dissected  back  ; 
the  joint  is  opened  from  above,  and  its  ligaments  divided  on  each  side 
and  behind.  The  sesamoid  bones  arc  lo  be  left  in  the  stump,  and  the 
oiK;n  lendon-sheaths  closed  by  sutuie;  the  [ilanlar  iligital  vessels  will 
re(|uire  ligature.  An  oval  or  racket  incision  is  alsD  used  for  this 
operation,  but  docs  not  provide  so  satisfactor}'  a  covering  for  the  head 
of  the  bone. 

Amputation  of  Two  Adjulnine  Toes. — The  racket-incision  is  sus- 
ceptible of  application  in  the  renitival  of  two  or  even  three  adjoining 
toes  ;  but  its  (>eginning  must  he  e;irri*-d  furtlirr  on  the  dursum.  accord- 
ing to  the  amount  of  K|>ace  nee<led  fui  iliNniiciilalioij.  In  the  case  of 
two  toes  the  incision  will  begin  in  the  >ji.u  t  between  the  two  metatarsal 
bones.  The  o|x:ration  is  otlierwisc  exactly  similar  to  amputation  of  a 
single  toc- 

Ampatation  of  the  Metatarsal  Bones. — ^The  bases  of  the 
metatarsal  bones,  which  receive  parts  of  the  insertion  of  the  tibial 
muscles  and  the  peroneus  longus.  are  of  great  imporlancc  to  the  integ- 
rity of  the  fo4ii,  and  amputation  is  much  to  be  jireferred  to  exarticula- 
lion  of  the  entire  bone.  Ati  elongated  oval  or  racket  incision  may  be 
u.<»d.  commencing  where  the  bone  is  to  be  divided,  and  extending 
down  on  the  dorsum,  around  in  the  digitnplantar  fold,  and  back  to  its 
point  of  origin.  The  knife  must  follow  the  bone  closely,  to  avoid 
injurj'  to  the  digital  arteries,  and  a  saw  is  to  be  preferred  to  cutting- 
forceps  in  dividing  the  bone.  Amputation  of  the  first  and  fifth  meta- 
tarsals may  also  be  dune  by  means  r»f  it  large  internal  ur  external  flap. 

Disarticulation  of  all  the  Metatarsal  l^nes  {/js/ru/u). — Amputa- 
tion of  the  foot  at  the  tarsometatarsal  joint  was  described  by  IJsfranc, 
who  followed  the  anatomical  line  of  separation  of  the  bones;  and  by 
Hey.  who  disiirticulated  the  outer  three  or  four  metatarsals,  and  sepa- 
rated the  remaining  structures  with  a  saw.  Kilher  oiR-ration  may  be 
chosen,  according  to  the  amount  of  time  a!  the  <!isposal  of  the  opera- 
tor and  the  exigencies  of  the  individual  case.  The  large  plantar  flap 
is  to  be  marked  out  first  by  an  incision  from  over  the  prominent  base 
of  the  fifth  metatarsal,  in  a  broad  sweep  across  the  sole  at  the  heads 
of  the  metatarsals,  and  back  to  a  point  over  the  base  of  the  first  meta- 
tarsal, about  1  inch  in  front  tif  (he  prominent  tuberosity  of  the  scaphoid 

(I'ig  99)- 

The  dorsal  incision,  jtiining  the  two  ends  of  the  plantar  flap.  Is  cut 
with  a  gentle  curve  about  J^  inch  anterior  to  the  articulation.  The 
flaps  each  contain  all  the  soft  parts  above  the  bone.  After  dissection,  the 
joints  are  opened  from  abtive.  beginning  at  the  outer  side,  and  the  fifth, 
>urth.  third,  and  first  metatarsals  are  readilj*  freed  from  their  attach- 
*nt5.  The  second  metatarsal  is  mortised  between  the  tarsal  bones, 
and  requires  an  incision  in  the  ilircction  of  the  ankle  to  secure  its  hber- 
ation.  I  lere  //n's  tnotHjicaiion  may  be  adopted,  nnd  the  .saw  used  to  com- 
plete the  division  of  the  bones,  either  by  sawing  across  the  base  of  the 
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second  metatarsal  and  leaving  it  tn  position,  or  by  dividing  the  interna! 
cuncilbrni  and  takintr  part  uf  it  away.  T]ic  original  method  of  Lisfranc 
provided  for  tlie  funiiauon  of  the  plantar  flap  by  cutting  from  within 
outward  after  sepanition  of  the  joint;  but  a  better  flap  will  be  obtained 
by  preliminary  dissection.  The  stump  left  after  this  amputation  is  a 
fairly  serviceable  one,  although  a  tenotomy  of  the  tendo  Achillis  may 
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FlC.  ^Q.^Liifr.iiic^  iir  Hij  s  anipuiaiion  of  the  fooL 

be  necessary  to  prevent  contractures  due  to  the  weakened  resistance 
the  pull  of  the  jjrcat  muscles  of  the  calf. 

Chopart's  Amputation  {^Amputalwn  //trough  the  Mediotarsai  Joint). 
— An  incision  is  made  nn  the  plantar  surface  of  the  foot  from  just 
behind  the  tuberosity  of  the  scaphoid  on  the  inner  side,  down  and 
across  the  sole  at  the  middle  of  the  metatarsal  bones,  and  back  to  a 


.j\ 
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FiC-  \'.-<-  —  .hopart'samputiiion  of  ih«  fuui,  uil-iu.iI  virw. 

point  about  l  inch  posterior  to  the  base  of  tlic  fifth  metatarsal  on  the 
outer  side.  The  two  ends  of  this  incision  arc  then  united  by  a  curved 
incision  across  the  dorsum  of  the  foot,  reaching  at  its  lowest  point  to 
the  level  of  the  bases  of  the  metatarsal  bones  (Figs.  lOO  and  loi). 
These  two  flap.s  are  dissected  up.  with  all  the  muscles  and  tendons,  as 
far  as  the  niedicitarsal  joint.  The  astragaloscaphoid  and  calcaneo- 
cuboid joints  are  now  iipenetl  on  their  dorsal  aspect,  while  the  foot  ts 
held  in  strong  plantar  flexion,  and  the  strong  calcancoscaphoid  liga- 
ment is  divided  by  cutting  outward  and  forward  from  the  astragalo- 
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scaphoid  articulation.  The  classical  operation  demands  the  removal 
of  the  scaphoid ;  but  a  serviceable  stump  will  be  found  practicable  in 
many  cases  by  carrying  the  incision  between  itic  scapiioid  and  cuneiforms. 
and  thus  savinf;  part  of  the  tibialis  posticus  ;itt:iciiiiifrit.  The  divided 
anterior  tendons  can  be  sutured  to  the  dorsal  (iiscia.*,  and  will  exert 
some  slight  action  in  opposing  the  puli  of  the  soleus  and  gastrocnemius; 
but  a  contraction  is  more  than  likely  to  occur  with  elevation  of  the 
heel,  and  tenotomy  of  the  Achilles  tendon  is  frequently  requirt-d,  The 
dorsalis  pedis  artety  anteriorly,  and  the  two  plantar  arteries  in  the  sole, 
will  require  lig.ilure.     Tlit-  end-result  of  this  ,impiit;ition  is,  as  a  rule. 


Fig.  ioi. — CluipiiM's  ampucatton  uf  llie  foot,  «xtcrQ;il  view. 

a  satisfactory  one,  and  with  suitable  apparatus  no  disability  is  to  be 
expected  (I'igs.  lOO  and  lOl). 

Syme's  Amputation  {Ti(notarsal\ — This  operation  for  removal  of 
the  foot  at  the  ankle-joint  is  partly  superseded  at  present  by  more  con- 


FlG.  lOit.— Symc's  itmpuinttun  of  the  foot,  exiernal  vi«w. 

servative  operations,  such  as  Pirogoff's  ;  but  where  for  any  reason  the 
-operations  described  below  arc  impossible,  that  of  Symc  will  be  found 
to  give  a  serviceable  stump.  An  incision  is  begun  at  the  tip  of  the 
external  malleolus  on  its  posterior  aspect,  and  carried  perpendicularly 
around  the  foot  under  the  heel  to  a  point  just  below  the  internal  mal- 
leolus. This  incision  is  carried  down  to  the  bone,  and  its  ends  united 
by  a  transverse  incision  across  the  front  of  the  ankle-joint  (Figs.  103 
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and  103).  The  capsule  ofthcjonit  is  opened,  anti  its  lateral  ligaments 
then  divided  from  within  outward  on  ench  side.  The  liecI-Hap  is  mnr 
dissected  free  froin  the  i»s  calcis,  the  knife  being  directed  close  \o  ti« 
bone  to  avoid  injur}'  to  the  smaller  vessels  which  supply  the  flap.  The 
soft  parts  are  now  retracted,  to  allow  the  sawing  off  of  the  lower  ex- 
tremity of  the  tibia  and  the  two  malleoli.  There  is  great  danger  oi' 
injury  to  the  calcanciil  branches  in  dissecting  the  os  cnlcis :  and  the 
difficulties  of  this  part  of  the  operation  will  be  much  increased  b)'  i 
too  generous  allowance  in  cnrr\'ing  the  preliminary'  incision  forward  of 
the  r>erpcndicular  in  the  first  ])lace.  The  larjjc  pocket  k-fi  in  the  heel* 
flap  by  removal  of  the  os  calcis  is  best  drained  by  a  special  incision  « 
its  lowest  part,  and  the  insertion  of  a  gauze  wick  or  rubber  drainage- 
tube.  The  anterior  tibial  and  external  and  internal  plantar  are  the 
important  arteries.  The  chief  objections  to  this  operation  are  the 
difficulty  in  dissecting  the  closely  adherent  skin  from  tlie  os  calcis.  the 
poor  nourishment  of  the  flap,  and  the  unfavorable  conditions  for  pn- 
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FtG.  103. — Syntc's  ampntntinn  ofihr  foil,  jnlrmnl  view. 

mary  union  a/Tordcd  by  the  dead  space  in  the  hollow  heel-cap  (I 
102.  103). 

Amputntlon  by  Slnjcle  Internal  Flap  (^dm-f).— This  irwigon  Fnr  dii 
of  the  fool  at  the  anVXt  joint  i*  .i|>;>lK-.-il!lr  in  cjikk  nf  injur)-  In  ihr  riccucs  of  the  bed 
srvcir  a%  lt>  |ircrrrit  ihcir  ulili/iitioa  fur  a  Syme  i>r  a  l'iru|[iiff  junputution.  Tbe  iDciii 
be([iii!)  at  the  lip  of  ihc  cxternnl  m.t1kr>Ui:t,  crotsrt  the  dortiim  with  a  gentle  curve  to  a  potM 
ovci  the  tcaphaid  tubcrvMt)-.  miil  reAi:be>  the  tuitldle  line  of  ihc  H>le  of  the  foot  under  dw 
line  of  the  inicrnal  imillcolus.  From  ilii»  ^whit  It  passes  orcr  the  tip  of  the  hc«l  to  tfc« 
outer  side  nf  the  Achillea  IcnilQn  »ii<l  luitk  lu  iu  starting- point.  The  duaiiticuJaiJrtn  follon 
■s  in  Syine'i  nperniiuD,  nnd  thi'  »uf(  pam  may  Ik.-  eut  fmm  within  oulwnn),  fre«in^  the  g< 
cakisand  fonoitig  the  Hap.  The  anicular  ^iitfice«  of  the  libii  and  litnilA  an:  thea  a««d 
through  snd  removed,  ingfther  «iih  the  nuileoli. 

Pirogoff's  Amputation. — This  operation  is  much  to  be  prefcrrrd  to 
Syme's  when  neither  injury  nor  disea.sc  of  the  os  calcis  is  prcscmt,  being 
much  simpler  in  execution,  less  liable  to  the  pocketing  of  secretion 
and  giving  a  longer  stump  with  a  belter  bearing  surface.     Many  modi- 
fications of  the  original  PirogofT  amputation  have  been  suggested,  and 
some  variation  must  be  allowed  for  individual  cases.     The  incisions  foi 
the  Pirogoff  amputation  .-ire  as  fcillows:  From  the  point  4)f  the  internal 
malleolus  downward  and  across  the  sole  to  a  point  in  front  of  tJic  tip 
of  the  external  malleolus,  the  incision  being  at  right  angles  to  the  long 
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axis  of  the  foot.  AnothiT  incision  joins  the  two  ends  of  the  first  one 
across  the  front  of  the  ankle  just  below  the  joint.  After  preliminary 
retraction  of  the  skin,  these  incisions  art-  carried  tlirough  tlic  soft  parts 
of  the  bone.     The  jninl   is   now  opened  anteriorly,  the  strong  lateral 


Fii;  ton.  — PiroK^ff  *  amjmutjon  o(  ihe  rout,  fxicrnal  view. 

li^ments  divided  as  in  Syme's  amputation,  and  the  posterior  ligament 

cut  through.  The  foot  is  now  carried  into  strnng'  plantar  flexion,  and 
the  saw  placed  upon  the  upper  surface  of  the  os  calcis,  behind  the 
astragalus.  The  saw-cut  follows  tlie  Hnc  of  the  first  incision,  removing 
all  of  the  foot  but  the  posterior  part  of  the  os  calcis  embedded  in  the 
tissues  of  the  heel.     The  malleoli  and  the  articular  surface  of  the  tibia 


!._. 


Fig.  105. — Pirogoff 's  am[iiitBtion  of  cbe  fool,  tnlenial  view. 

are  now  sawed  off,  and  the  two  sawed  surfaces  of  tibia  and  os  calcis 
brought  together  and  held  with  sutures  (Fig.  106). 

Modifications  in  the  line  of  the  saw-cuts  have  been  made  with  the 
view  to  bringing  the  bciiring  surface  of  the  stump  more  on  the  thick 
sole  and  less  on  the  thin  surface  at  the  back  of  the  heel.  To  this 
en<l.  the  first  incision  may  be  carried  as  far  forward  as  the  calcaneo- 
cuboid articulation,  and  tlie  saw-cut  made  to  come  out  just  posterior  to 
the  articulating  surface.  More  may  also  be  taken  from.thc  front  than 
from  the  back  of  the  tibia,  with  the  same  result,  causing  less  rotation  ^ 
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the  heel-flap  (Sedillot).  The  os  calcis  may  also  be  sawed  in  a  horizontal 
direction,  and  disarticulated  in  front  from  the  cuboid  to  complete  its 
removal  (Le  Fort).     Tenotomy  of  the  Achilles  tendon  is  practically 


Fig.  io6. — Lines  of  bone-cuts  in  I'JrogofT's  amputation  of  the  foot. 

always  necessary  in  Pirogoff's  amputation,  and  may  be  performed  as  a 
preliminary  step. 

Amputation  of  the  I^gf.— Lower  IVAr^.— Circular  and  Modified 

Circular  Methods, — The  place  at  which  the  bones  are  to  be  divided  is 
determined,  and  at  a  point  at  a  distance  below  this  equal  to  two-thirds 
of  the  diameter  of  the  leg  a  circular  incision  is  made,  dividing  the 
skin  and  .subcutaneous  tissue.  This  circular  flap  is  dissected  up  and 
rolled  back  upon  itself  to  the  desired  height,  and  another  circular 
incision  carried  through  all  the  soft  parts  to  the  bone.  The  catlin  is 
now  used  to  divide  the  interosseous  membrane  and  the  remaining 
muscular  attachments,  and  the  bones  are  sawed.  A  modification  of 
this  amputation  consists  in  the  addition  of  a  longitudinal  incision 
upward  on  the  anterior  surface  of  the  flap,  to  facilitate  dissection 
(Fig.  107,  a  a). 

Amputation  by  a  Long  Anterior  Flap. — ^The  incision  begins  on  the 
level  at  which  the  bones  are  to  be  divided,  at  the  internal  surface  of  the 
tibia,  and  passes  downward  in  a  curve  across  the  anterior  surface  and 
upward  to  a  point  in  front  of  the  fibula,  cutting  a  flap  equal  in  length  to 
the  diameter  of  the  leg.  This  flap  includes  all  the  muscles  to  the 
bone.  The  posterior  incision  is  made,  connecting  the  ends  of  the  ante- 
rior one,  and  passes  directly  inward  to  the  bone.  The  bones  are  now 
sawed  at  the  highest  point,  and  tlie  flap  sutured  over  the  ends,  giving 
a  scar  on  the  posterior  surface.  In  .sawing  the  bones,  the  saw-cut  must 
begin  in  the  tibia,  but  be  made  to  engage  the  fibula  as  soon  as  a  groo^'C 
is  cut.  A  double  cut  is  also  recommended,  dividing  the  fibula  slightly 
above  the  tibia ;  and  much  care  must  be  exercised  that  the  prominent 
anterior  edge  of  the  tibia  be  smoothed  off,  to  prevent  injury  to  the  flap 
and  an  uneven  bearing  surface  (Fig.  109,  a). 
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in  a  cur\'c  in 


Guyon's  Amputation  {iUiiptual  Posterior  flap)  (Fig.  109,^). — This 
operation  resembles  Synic's  amputation,  and  is,  in  fact,  a  supramal- 
leolar amputation  of  the  ankle.  The  incision  begins  1  nich  above  the 
front  of  tJie  articular  surface  of  the  tibia,  and  extends 
front  of  the  malleolus,  on  each  side,  to  just  below 
die  point  of  insertion  of  the  Achilles  tendon,  mak- 
ing a  large  cllifise.  The  flap  is  dissected  up,  con- 
taining the  tendo  Achlllis  and  all  the  soft  parts  to 
the  bone,  great  care  being  taken  of  all  the  vessels 
back  of  the  ankle-joint.  The  malleoli  and  artic- 
ular surface  are  then  sawed  ofl",  ;is  in  Syme's  ojiera- 
tion.  but  about  I J  to  2  inches  abo\  e  the  joint.  The 
anterior  and  posterior  tibial  and  peroneal  arteries 
will  require  ligature,  and  the  stump  can  be  closed, 
bringing  the  scar  anteriorly,  and  forming  a  good 
bearing  surface  out  of  the  heel-flap  under  the  ends 
of  the  bones. 

Middle  Third  ol  the  Leg. — Long  Anterior  l'L\p. 
— At  a  point  1  mch  below  the  level  at  which  the 
bones  are  to  be  divided  an  anterior  ftap  is  cut,  equal 
in  breadth  and  length  to  the  diameter  of  the  limb. 
The  two  ends  of  this  incision  are  then  joined  by  a 
short  posterior  flap  cut  by  transfixion  behind  the 
bone  (Fig.  109,  a). 

Long  Posterior  Flap  {Hcy-Lee). — The  diflficulty 
in  this  amputation  is  in  reducing  the  mass  of  calf- 
musclcs  sufliciently  to  avoid  an  unwieldy  flap.  The 
incisions  are  just  the  reverse  of  those  for  an  ante- 
rior flap,  but  the  deep  muscles  of  the  ailf  are  re- 
moved by  dividing  them  circularly  at  (he  level  of 
the  saw-cut.  The  bones  are  sawed  in  the  same 
manner  as  in  the  lower  third  of  the  leg,  with  ob- 
lique division  of  the  crest  of  the  tibia.  The  scar 
should  lie  anteriorly,  but  may  be  drawn  to  the  end 
of  the  stumjj  by  the  contraction  of  the  muscles  of 
the  calf. 

Circular  Amputation  with  Skiu-flaps  (Fig,  107, 
(5^).— The  modification  of  the  circular  method  which  is  best  suited  to 
amputation  in  the  middle  of  the  leg  is  that  by  two  equal  lateral  skin- 
flaps.  These  flaps  are  each  equal  in  length  to  one-half  the  diameter  of 
ihe  leg,  and  are  marked  out,  beginning  at  a  level  1  inch  lower  than  that 
at  wliich  the  bones  arc  to  be  divided.  The  knife  is  carried  through  the 
skin  and  subcutaneous  tissues  to  the  fascia,  and  the  flaps  thus  fcirmed 
are  dissected  upward  to  their  point  of  union.  The  whole  flap  is  then  dis- 
sected back  to  above  tlie  level  of  the  saw-cut.  The  muscles  and  soft 
parts  arc  now  divided  as  high  up  as  possible  by  circular  sweeps  of  the 
ienifc  down  to  the  bone.  The  interosseous  ligament  is  perforated,  and 
tlKT  remaining  shreds  of  muscle  severed  with  tlic  catlin,  A  periosteal 
elevator  is  used  to  push  hack  the  periosteum  on  the  tibia  and  fibula 
and  lay  the  bone  bare  for  the  saw.  In  sawing  the  bones  in  this  situa- 
tion the  suggestion  given  above  in  regard  to  removing  the  promincnl 


FtC.  107. — ti.  .'\tnpuU- 
tioa  of  ihe  I<c  at  th« 
"til»c«  o(  choice"  by 
circuUr  incliian :  i,  ftm- 
puUiiuti  of  the  lc{  with 
formation  of  two  tla[n ; 
et.  911  [iniRiall cola r  xm- 
pulation. 


and  the  flaps  may  then  be  united  from  before  backward  to  form  a  scar 
at  thi?  outer  side  of  (hi-  tibia. 

Upper  Third  of  the  I-ejc. — Amputation  at  the  place  of  election  was 
practised  extensively  before  the  modern  artificial  leg  had  been  devel- 
oped, because  a  short  stump  was  less  in  the  way  than  a  long  one. 
when  the  knee  was  bent  to  fit  the  peg  leg  then  in  use.  Amputations 
at  this  point  are  still  performed,  however,  wlien  injury  or  disease  for- 
bids a  more  conservative  operation,  and  the  circular  method  or  one  of 
the  following  flap-operations  may  be  adopted  (Fig.  107.  a  a). 

Modififd  Flap  Operation  of  BfU. — -Two  equal  flaps  arc  marked  out 
upon  the  skin,  each  being,  after  retraction,  about  equal  in  length  to 
one-half  the  diameter  of  the  leg,  their  bases  being  at  the  level  of 
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the  intended  dJvUion  of  the  bone,  the  incision  starting  in  front  at  the 
inner  border  of  the  tibia,  and  behind  at  a  point  diametrically  opposite. 
These  flaps  include  tlic  skin  and  subcutaneous  tissue,  and  arc  dissected 
back  beyond  their  point  of  union.  The  muscles  arc  divided  in  the 
manner  of  the  circular  operation,  the  knife  being  carried  a  little  higher 
in  front  than  behind.  The  bones  are  then  sawed  through,  and  the 
vessels  tied  in  the  usual  manner. 

Large  ExUruai  Flap  (Ki}^.  log,  c). — This  amputation  maybe  per- 
formed by  transfixion  (Sedillot},  or  the  flap  may  be  dissected  from 
without  inward  (Faraboeuf).  The  flap  begins  at  the  level  at  which  the 
bones  are  to  be  divided.  The  knife  t.ntcrs  over  the  anterior  surface  of 
the  tibia,  marks  out  a  long  U-shaped  flap,  upon  the  cxlcmal  surface, 
equal  in  length  tn  the  diameter  nf  the-  leg,  and  ends  at  a  point  opposite 
to  its  point  of  entrance.  This  flap  is  dissected  up,  and  contains  all  of 
the  soft  parts  above  the  bone.  The  short  posterior  flap  may  be  cut  cither 
by  transfixion  or  dissected  from  without  inward,  and  the  two  flaps  re- 
tracted to  allotv  division  of  the  interosseous  nicmbrane  and  the  applica- 
tion of  the  saw.  The  fibula  may  be  .sawed  a  little  higher  than  the  tibia 
in  all  of  the  amputations  in  this  region,  in  order  to  provide  a  more 
evenly  shaped  stump,  and  the  crest  of  the  tibia  is  to  be  removed  as  a 
matter  of  routine.  After  ligature  of  the  three  main  vessels  the  external 
flap  is  brought  over  the  end  of  the  bone  and  united  to  the  shorter 
internal  flap,  giving  the  scar  to  tlie  inner  side  of  the  stump.  This  is 
considered  by  many  surgeons  to  be  the  best  method  for  amputation  in 
this  region. 

Amputation  in  the  Lower  Third. — This  is  attended  by  much  less 
shock  than  are  amputations  above  this  point,  and  is  much  to  be  pre- 
ferred when  the  nature  of  the  injury  or  disease  does  not  forbid.  The 
selection  of  a  method  in  all  amputations  of  the  leg  must  depend  upon 
the  personal  choice  and  practice  of  ilie  surgeon  and  the  demands  of 
the  individual  case.  As  u  general  rule,  the  circular  method,  or  one 
of  its  modificjilions,  will  hu  found  most  universally  applicable,  and  the 
operation  by  far  the  most  easy  of  cNtcution. 

Amputation  at  the  Knee. — Disarticulation. — Long  Anterior 
Flap  (Fig.  I  lo.  ii). — .An  incision  is  begun  at  tlic  posterior  and  inferior 
margin  of  the  femoral  condyle,  and  is  carried  downward,  across  the 
front  of  the  tibia.  5  inches  below  the  patella,  and  back  to  the  cor- 
responding point  on  Itie  otiicr  si<]e,  This  flap  includes  skin  and  sub- 
cutaneous tissue  up  to  the  ligainentuni  patella.-,  which  is  then  divided 
and  left  in  tlie  flap.  Tlie  joint  is  npeiitd,  its  ligaments  divided,  and  the 
amputation  completed  by  an  incision  from  within  outward  to  the  pos- 
terior surface  of  the  limb  (Fig.  1 10). 

Ijtteral  Flaps  {Stephen  Smiffi). — Two  equal  lateral  skin-flaps  arc 
cut.  their  bases  extending  posteriorly  to  the  middle  line  of  the  joint, 
and  anteriorly  to  1  inch  below  the  tulK-rcIeof  the  tibia,  F^ch  of  these 
flap^  is  dissected  up,  and  the  joint  is  optiied  .ind  it,**  ligaments  divided 
from  in  front.  The  posterior  ligaments  and  muscles  are  then  cut 
through  and  the  disarticulation  is  complete.  The  patella  and  the 
semilunar  cartilages  should  remain  in  the  stump.  This  method  gives 
an  excellent  bearing  surface  for  the  stump,  the  scar  retracting  between 
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Amputation  Through  the  Condyles.^ — Ot'al  Method. — This  incisioo 
is  pnictic;ib!f  L-ithcr  for  ciisarticulalidii  (Haudcns)  or  fnr  aniput;ition 
through  tlic  condyles.  An  oval  cut  is  made  around  the  leg,  3  indict 
below  the  patella  in  front,  and  on  a  level  with  its  tower  border  behind. 
The  .skin  and  subcutaneous  tissues  are  dissected  up  as  in  the  drcuhr 
operation,  and  cither  disarticulation  is  performed  as  already  described, 
or  the  bone  is  sawed  above  the  articular  surface.  The  patcJIa  may  be 
left  in  the  antcriof  part  of  the  flap,  or  it  may  be  dissected  out  and 
removed  with  the  tibia. 

Cardcn's  Amputation  {Anterior  FI<if>)  (Fig.  I  (O,  b). — An  tnciston 
begins  over  the  posterior  portion  of  the  femoral  condyle  I  inch  abo^v 
the  joint,  and  extends  in  a  broad  sweep  across  the  front  of  the  knee; 
about  half-way  down  the  ligaiiientuni  patella;,  and  up  again  to  u  poiitt 
on  the  other  side  corresponding  to  its  point  of  origin.  This  inosJOQ 
e.xtends  through  skin  and  subcutaneous  tissue  only,  and  the  flap  u 
dissected  up  to  above  the  patella.  The  two  ends  of  the  first  incisi<H) 
are  now  united  by  a  short  curved  incision  across  the  badic  of  the  Joint 
After  retracting  the  anterior  flap,  the  quadriceps  tendon  is  divided,  the 
joint  opened  and  disarticulated,  and  the  po.sterior  mu.<icle5  severed 
from  within  outward.  The  articular  .surface  of  the  femur  is  now  sawed 
off,  and  the  ojxrration  is  completed  by  ligature  of  the  popliteal  artery 
and  its  articular  branches,  and  suture  of  the  wound  from  before  back- 
ward. 

Gritti's  Amputation  (Fig.  1 1 1). — Hy  this  method  the  patella  is.  used 
to  cap  the  stump  of  the  femur,  and  advantage  is  taken  of  the  prr- 
patellar  bursa  to  provide  a  loosely  moving  covering  to  the  end  of  the 
stump.  The  general  steps  are  the  same  as  in  Garden's  operation,  the 
long  anterior  (lap  being  more  rectangular  and  its  base  slightly  higher 
on  the  front  of  the  femur.  The  anterior  flap  is  dissected  up.  and  the 
ligamentum  patella;  divided  at  its  insertion  and  retained  in  the  flap. 
Disarticulation  follovvs  as  in  Garden's  operation,  and  the  articular  sur- 
face and  condyles  of  the  femur  are  sawed  through  at  a  level  above 
their  most  prominent  part.  The  sawing  of  the  patella  is  the  most  dif- 
ficult part  of  this  operation,  and  is  best  accuinplisiied  by  a  small  meta- 
carpal saw  while  the  bone  is  held  firmly  with  lion-forceps.  v\ftcr  the 
articular  surface  has  been  removed  and  the  necessarj-  blood-vessels 
tied,  the  patella  is  drawn  down  nver  the  end  of  the  femur  and  held 
with  pins  or  sutures.  This  Ofxrralion  Is  an  imitation  of  Pirogoff's 
osteoplastic  ankle-amputation,  but  does  not  appc.ir  to  have  attained 
the  popularity  of  Pirogoff's.  although  not  essenti.nlly  differing  from  it 
in  any  way.  The  technical  difficulties,  however,  in  its  performance 
are  considerable,  and  a  tendency  has  been  noted  to  the  drawing  for- 
ward ami  uj>ward  and  displacing  of  the  patella  by  the  strong  quadri- 
ceps muscle.  This  may  be  obviated  by  a  siifTirieiilly  high  division  of 
the  femur,  or  by  section  of  the  quadriceps  tendon  in  whole  or  in  part. 

Amputation  of  the  Thigh.— Here  the  conditions  are  .similar  to 
those  in  the  upper  arm.  there  being  one  bone  well  surrounded  by 
muscle,  except  at  the  lower  end,  so  that  almost  any  recognized  method 
of  amputation  may  be  carried  out.  There  are  many  operations,  diflcr- 
ing  slightly,  described  by  and  named  after  different  men.  None  will 
be  mentioned  except  those  commonly  used.     Amputation  may  be  per- 
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fcnp^Anywhere  from  the  trochanter  to  the  condyles,  but  is  gener- 
ally done  at  some  part  of  the  middle  third.  The  operations  consist 
of  the  flap  and  the  circular  methods,  with  a  modification  of  each.  As 
the  skin  and  muscles  on  the  posterior  and  inner  side  have  the  greater 
power  of  retraction,  the  operator  must  correct  this  by  making  his 
incision  lower  at  these  points.     The  number  and  size  of  the  vessels  to 
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be  lied  will  vary  with  the  height  of  the  section.  They  include  the  fem- 
oral, profunda,  anastomotica  magna,  pi-rfoniting  and  muscular  branches. 
Flap  Operations. — In  the  ;mliropostcnor  method  the  flaps  arc 
made  by  tran56xion,  the  posterior  being  the  longer,  to  allow  for  the 
greater  retraction  which  takes  place.  The  main  arter>'  will  be  in 
the  anterior  or  posterior  flap  according  as  the  section  is  high  or  low. 
In  the  lateral  flap  operation  (Vermale)  the  flaps  are  also  cut  by  trans- 
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fixion  and  arc  of  equal  length.     This  operation  is  not  much  done  at 
present,  and  is  not  a  j^ood  one  for  the  lower  part  of  tiic  thtf^h. 

Long  Anterior  Flaps  (Fig.  til,  r). — This  method  gives  very  gtwd 
results.  The  flaps  arc  marked  out  first  on  the  skin  as  follows:  An 
anterior  flap  is  cut,  with  its  kuse  about  half  the  cJrcunjferenec  of  the 
limb,  and  its  "length  equal  to  one  diameter  and  a  half  of  the  limb  at 
the  saw-line'"  (Treves),  A  short  posterior  flap  is  also  marked  out 
In  this  case  the  anterior  flap  is  best  cut  from  without  inward,  following 
the  line  in  the  skin,  taking  care  that  it  be  not  too  thick.  The  posterior 
flap  may  be  cut  by  transfixion.  The  bone  is  then  exposed  and  savrcd 
through.  In  sawing  through  the  femur,  in  all  cases  the  edges  shoald 
be  smoothed  by  bevelling  with  a  saw  or  chisel. 

Thr  I'niMliliirniui'ii  known  a&  HedilliM't  epe'ali»n  difTers  Trom  tbi&  in  lb«t  Ibere  boopi» 
teriot  flap,  tile  siniciiiri^s  being  cut  straight  to  ihc  bone  (Fig.  HI,  i*l.  ^ 

The  Modified  Circular  (^ Fig.  l!2). — An  oblique  circulaj-  incision  n  V 
made  in  the  skin,  beginning  at  the  outside  of  the  thigh,  and  carried 
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Fi<:   it3. — Amputaiinn  of  ihc  ihiffh  with  oval  incUlon. 

inward  about  the  limb  to  the  starting-point,  with  a  downward  slant 
sufHcicnl  to  allow  for  the  posterior  retraction.  According  to  Faraboeuf, 
the  incision  on  the  anterior  surface  should  be  at  a  distance  from  the 
proposed  section  equal  to  one-quarter  the  circumference  of  the  thigh 
at  that  point,  and  that  on  the  posterior  equal  to  about  one-third  of  the 
same.  The  skin  \^  loosened  and  held  back  evenly.  The  muscle? 
arc  then  divided  obliquely  in  layers  parallel  to  the  skin-incision,  each 
layer  being  allowed  to  retract.  The  muscles  arc  then  held  back  and 
the  bone  is  .sawed. 

Another  verj-  excellent  method,  described  by  VVyclli.  consists  of 
an  oblique  circular  skin-incision  with  a  short  incision  on  the  outer 
surface  at  right  angles  to  the  first,  which  is  practically  a  racket  incision 
with  a  short  handle.  Ihis  enables  the  operator  to  turn  the  skin  back 
with  greater  ease.     The  rest  of  the  operation  is  the  same. 

In  Syme's  modification  two  extra  incisions  are  made,  thus  forming 
short  rectangular  anterior  and  posterior  .<kln-flaps. 

Amputation  at  the  Hip-joint.— This  o[>eration  is  by  far  the 
most  formidable  of  all  the  amputations,  and  was  for  a  long  time 
deemed  unjustifiable;  but  modern  technic  has  brought  it  under  the 
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head  of  recognized  operations,  and  it  may  be  done  successfully  in 
many  cases.  It  is  indicated  when  amputation  cannot  be  done  btrlow 
the  great  trochanter.  The  principal  dangers  arc  hemorrhage  and 
shock,  the  latter  being  somewhat  dependent  upon  the  furnier.  The 
prevention  of  shock  is  elsewhere  considered,  There  have  been  many 
means  suggested  for  the  control  of  hemorrhage  :  manually,  by  digital 
compression  of  the  aorta,  the  external  iliac,  the  common  iliac  (by  inci- 
sion), and  the  femoral;  mechanically,  by  means  of  various  apparatus, 
as  Lister's  aortic  tourniquet,  which  is  not  now  used,  and  by  Davy's 
ingenious  but  unreliable  method  of  applying  pressure  to  the  common 
iliac  by  means  of  a  lever  introduced  into  the  rectum.  Some  operators 
prefer  to  Ugatc  the  femoral  or  common  iliac  first,  or  to  tie  each  vessel 
as  it  appears  in  the  wound.  As  the  most  troublesome  bleeding  comes 
from  the  branches  of  the  internal  iUac,  some  means  should  be  adopted 
that  will  occlude  them.  The  elastic  touriiitjuet  is  the  best  mechanical 
aid  We  have  for  this  purinose.  The  most  satisfactory  apjiHcation  is 
after  the  method  of  VVyeth  or  Trendelenburg,  who  first  transfix  the 
thigh  with  steel  pins.  Wycth  making  use  of  two,  and  Trendelenburg 
one.  The  luurniquet  is  tlien  tightly  applied  above  ihem,  and  cannot 
slip. 

The  Ksmarch  elastic  bandage  should  he.  applied  in  all  possible  cases, 
with  the  limb  in  an  elevated  [losition.  The  conditions  conlra-indicating 
its  use  are  :  sepsis,  when  .some  of  the  infected  material  might  be  forced 
into  the  sound  portion  of  the  limb ;  certain  tumors  which  would  obstruct 
mechanically:  and  in  cases  of  extreme  crush  with  pulpefaction  follow- 
ing any  .severe  accident. 

The  Anterior  Racket  or  Oval  Method  (Fig.  1 14,  cc). — In  this  pro- 
cedure hemorrhage  is  dealt  with  b;-  ligaturing  the  femoral  first,  ami  the 
other  vessels  as  ihcj-  are  met  with  during  the  removal  of  the  limb. 
No  tourniquet  is  used,  but  the  clastic  bandage  of  Ksmarch  should  be 
applied.  A  racket  incision  is  made  in  the  skin,  down  to  the  muscles, 
as  follows:  The  straight  part  of  the  indslon  begins  just  below  Pou- 
part's  ligament,  over  the  origin  of  the  femoral,  and  follows  the  course 
of  that  vessel  for  about  3  inches.  The  cut  then  curves  obliquely 
inward  and  downward,  passing  about  the  limb,  and  being  brought  up 
on  tJic  outer  surface  just  below  the  great  trochanter,  upward,  to  meet 
itself  at  the  point  of  separation  from  the  \enical  incision.  The  next 
step  is  the  ligation  of  the  great  vessels.  They  are  exposed,  the  artery 
and  vein  being  separately  tied  in  two  places  and  divided.  Now  the 
section  of  the  muscles  should  begin.  In  tlie  outer  flap  are  the  sar- 
torius,  rectus,  and  tensor  vagina.-  fenmris.  These  are  divided;  then 
the  gluteus  maximus.  Under  this  is  fdund  the  tr*>chanter.  Th(  limb 
is  rotated  inward  to  put  the  short  rotators  on  the  .stretch,  and  the  t.itter 
then  divided.  Now  the  thigh  is  rotated  outward,  and  the  psoas  and 
all  muscles  on  the  inner  side  arc  cut.  The  articulation  can  now  be 
opened,  and  the  femur  disarticulated  by  going  backward  through  the 
joint  and  dividing  the  muscles  at  the  posterior  part. 

The  Modified  Oval  or  External  Racket  Inclsion.^The  skin-incision 
is  made  on  the  outer  a.spcct  of  the  limb;  the  stniight  portion  is  begun 
about  2  inches  above  the  trochanter  and  continued  downward  6  or  7 
inches.     It  is  then  carried  obliquely  downward  across  the  anterior  sur- 
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face,  transversely  across  the  inner,  some  distance  below  the  end  of  the 
straight  incision,  and  upward  on  the  posterior  surface  to  the  lower  ciiil 
of  the  first  cut  (Tig.  113).  The  skin  is  now  loosened  all  around  and 
held  back ;  the  anterior  muscles  being  cut,  all  the  muscles  arc  favj 
from  the  trochanter  and  the  up|>cr  end  nf  the  femur.  The  capsule  uf 
the  joint  is  cut  and  the  head  disarticulated  outward.  The  adducton 
and  other  muscles  on  the  inner  side  are  divided  and  the  operatinti 
completed.     AH  vessels  are  then  tied. 

The  Ftirmaux-Jordan  method  is  a  modification  of  thi.s  one.  The 
operation  as  described  by  him  consists  of  a  straight  inct.sion  over  the 
trochanter,  connecting  with  a  circular  one  at  some  lower  level.    The 
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bone  is  enucleated,  and  the  limb  removed  by  a  circular  diWsJon  of  the 
muscles  (Im^.  1 14,  bli\. 

The  Anterior  Flap  Method. — -This  is  the  operation  by  transfixion, 
and  was  much  used  in  pre -anesthetic  days  because  of  the  extreme 
rapidity  with  which  it  could  be  performed.  It  is  still  done  after  cer- 
tain cases  of  injury,  fur  the  same  reason.  The  feniond  is  controlleti 
by  direct  pressure  by  an  assistant.  To  cut  the  anterior  flap,  the 
thigh  should  be  flcx-ed.  and  a  long  knife  introduced  half-way  between 
the  anterior  superior  spine  of  the  ilium  and  the  great  trochanter, 
passed  inward  in  front  of  the  joint,  opening  the  capsule  if  possible,  to 
emerge  on  the  inner  side  an  inch  below  and  anterior  to  the  tubcrosit>- 
of  the  ischium  (Fig.  1 14.  aa).  A  flap  is  now  cut  from  within  outward 
anti  turned  Ixick,  the  femur  being  disarticulated  by  enlarging  the  open- 
ing in  the  capsule  and  depressing  the  knee.  The  thigh  is  rotated 
inward,  and  the  short  rotators  divided ;  then  the  posterior  flap  is  cut 
by  carn.*ing  the  knife  behind  the  head  of  the  bone  and  bringing  it 
downward  and  outward.     All  vessels  are  to  be  caught  and  tied. 


L 


AAfPVTATIONS. 


363 


E«march*s  Method. — This  o|K;ratii)n  has  two  steps,  a  circular  thigh 
amputation  6  inclies  belnw  the  trochanter,  follovvetl  by  the  removal  of 
the  remaining  portion  of  the  femur  through  an  external  lateral  inci- 
sion. 

5enn's  Method. — This  is  a  complicated  procedure  by  which  the 
head  of  the  bone  is  enucEcateit  and  brought  out  tiirough  an  external 
incision.  A  rubber  touniiquct  is  passed  into  the  wound,  and  brought 
out  through  a  small  opening  on  the  inner  surface.  Tlie  tourniquet 
is  cut,  and  one  jiart  tieil  about  llic  thigh  in  front,  the  other  carried 
behind,  cro.ssed,  and  tied  in  front  higher  tlian  the  first.  Flaps  are  then 
fashioned,  and  the  hmb  removed  by  a  circular  cut. 

The  Circular  Method  (Kig.  1  [4.  bb). — No  special  description  of 
this  is  needed.  A  circular  skin-incision  is  made  6  inches  below  the 
anterior  superior  spine  of  the  ilium.  The  muscles  are  divided  down 
to  the  bone  in  the  same  manner  at  a  higher  level.  The  joint  is  then 
opened. 

Wyeth's  Bloodless  Method. — Thi.s  operation  is  without  doubt  the 
'Simplest,  safest,  and  best  method  we  have  for  hip-joint  amputation.     It 
iCan   be   done   quickly,  and    there  is  practically  no   blood   lost.     The 
itechnic  may  be  briefly  outlined  from  the  description  given  by  Wyeth,' 
^as  follows:  The  patient  is  placed  with  the  sacrum  upon  the  CLirncr  of 
the  operating-table.     The  limb  to  be  amputated  should  be  emptied  of 
blood  by  applying  the  elastic  bandage,  except  where  contra-indicated, 
.as  before  noted.     Two  steel  needles  are  required,  ^  inch  thick  and  10 
'inches  long.     Their  introduction  is  described  by  Wyeth  in  the  follow- 
ing manner :  "  One  pin  enters  \  inch  below  the  anterior  superior  spine 
,of  the  ilium  and  slightly  to  the  inside  of  this  prominence,  and  is  made 
to  traverse  superficially  for  about  3  inches  the  muscles  and  fasci.-e  on 
the   other  side  of  the  hip,  emerging  on  a  level   with   the   point  of 
entrance.     The  point  of  the  second  needle  is  thrust  through  the  skin 
and  tendon  of  origin  of  the  adductor  longus  muscle  \  inch  below  the 
crotch,  the  point  emerging  an  inch  below  the  tuber  ischii.'*    The  points 
of  the  pins  are  shielded  by  corks,  and  the  tourniquet  wound  five  or 
six  times  ver>'  tightly  about  the  limb  above  the  pins.     The  Ksmarch 
bandage  is  now  removed.     A  circular  incision  is  made  in  the  skin 
about  6  inches  below  the  tourniquet,  and  a  longitudinal  cut  from  the 
tourniquet,  in  the  line  of  the  trochanter,  to  join  it.     The  integuments 
arc  dissected  back,  and  the  soft  parts  divided  down  to  the  bone  by  a 
circular  sweep  even  with  the  lesser  trochanter.     The  larger  vessels  are 
now  tied.     All   muscular  insertions  should  now  be   separated  from 
the  trochanters  and  upper  part  of  the  femur.     This  brings  the  o]jerator 
down  to  the  capsular  ligament,  which  is  cut  through,  and  the  lintb  dis- 
articulated  by  manipulation  after  division  of  the  ligamentum  teres. 
Nothing  now  remains  to  be   done   but   to  tic  the  other  vessels  and 
'  close  the  wound  by  sutures.     The  vessels  to  be  tied  at  this   stage  arc 
^the  sciatic  and  obturator  and  the  descending  branches  of  the  external 
and    internal    circumflex    arteries.     Wyeth  recommends   suturing  the 
stumps  o{  the  divided  muscles  with  catgut,  in  order  to  slop  thf  oozing 
by  quilting  large  surfaces  of  muscle  together. 

'  A  rAm|>lFle  iKcount  «f  ihc  opcntion  mny  b«  found  m  WjrelV*  artict^  in  lh«  Amnah 
,  */  Surgery,  1897,  vol.  ^5,  p.  1*9. 
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EXCaSION  OF  BONES  AND  JOINTS. 

The  term  *'  excision  of  a  joint "  means  the  removal  of  one  or  aQ 
the  extremities  of  the  bones  which  enter  into  the  formation  of  any 
given  joint.  When  only  one  extremity  is  excised,  the  excision  is  "  par- 
tial ;"  when  all  the  extremities  are  excised,  the  excision  is  "  complete." 

"  Resection  "  means  the  removal  of  the  entire  thickness  of  a  bone. 

Joints  are  excised  for  the  relief  of  various  conditions,  such  as  dis- 
ease, especially  when  well  advanced,  trauma,  old  unreduced  disloca- 
tions, ankylosis  in  faulty  position ;  also  for  the  purpose  of  obtaining 
motion.     Excision  may  save  the  patient  from  an  amputation. 

Certain  general  principles  .should  govern  all  excisions.  All  diseased 
tissue  should  be  carefully  removed,  whether  it  be  bone  or  soft  parts, 
although  the  utility  of  most  joints  will  depend  upon  the  preser\'ation 
of  tendons,  and  usually  upon  as  little  sacrifice  of  bone-tissue  as  ix)s- 
sible.  In  children,  extensive  resection  will  prevent  the  normal  growth 
of  the  limb.  In  all  cases  a  good  position  of  the  limb  will  depend 
upon  the  care  with  which  the  excision  is  conducted,  but  in  the  knee- 
joint  extraordinary  care  is  neces.sary  in  order  to  obtain  a  straight  leg. 

P2xcisions  call  for  strict  asepsis,  much  skill  in  the  application  of 
splints,  and  good  judgment  in  managing  the  convalescence.  All  tour- 
niquets should  be  avoided  if  possible. 

The  results  following  excision  depend  upon  the  cause  for  which  the 
operation  is  undertaken,  the  age  and  general  condition  of  the  patient. 
as  well  as  the  mode  of  operation  and  care  received  during  conN-a- 
lescence. 

It  is  not  to  be  expected  that  the  function  of  a  joint  will  be  com- 
pletely restored,  but  the  nearest  approach  has  been  obtained  by  the  so- 
called  "  subperiosteal  method,"  to  be  described  later.  In  general,  how- 
ever, the  results  derived  from  excision  are  good,  and  the  mortalitv  is 
not  high. 

Bxcision  of  the  Shotllder-joliit. —  Von  Langenbcik's  Afcthod— 
The  shouUlcr-joint  is  a  lax  joint  formed  by  the  articulation  of  the  head 
of  the  humerus  with  the  glenoid  fossa  of  the  scapula.  A  loose  cap- 
sule, re-enforced  by  several  muscles,  keeps  these  bones  more  or  less  in 
ap]>rnximation.  Excision  of  the  shoulder-joint  is  usually  "partial," 
because  commonly  only  the  head  of  the  humerus  is  removed.  The 
coracoid  anil  acromion  processes  and  the  greater  and  lesser  tuberosities 
are  important  landmarks.  The  contour  of  the  deltoid  muscle,  the 
direction  of  its  fibers,  and  the  posterior  position  of  the  circumflex  arter>' 
and  nerve  arc  important  considerations. 

TiiLTc  are  various  methods  of  ajiproaching  and  excising  this  joint 
All  flap  t>pcrations  which  sever  the  deltoid  fibers  are  no  longer  in  gen- 
eral use,  and  the  joint  is  best  approached  by  means  of  an  incision 
roughly  parallel  witli  these  fibers.  Having  reached  the  capsule,  the 
heat!  of  the  humerus  may  be  expo.sed  and  excised  by  means  of  the 
open  or  the  subperiosteal  method. 

The  patient  is  placed  on  his  hack  with  the  shoulders  somewhat  ele- 
vated and  near  the  ed<fc  of  tlie  operating-table,  and  the  flexed  arm  is 
controlled  by  an  assistant.  The  capsule  may  be  exposed  by  one  or 
two  incisions. 
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Von  Langenbcck' s  incision  [Fiu.  115.  /)')  starts  at  a  point  just  exter- 
nal to  the  acromioclavicular  articulation,  and  is  carried  directly  down- 
ward for  about  4  inches,  passing  throuKh  the  thickness  nf  the  deltoid 
so  as  to  expose  the  capsule  and  the  greater  tuberosity,  the  arm  having 
been  rotatetl  «M>mewhat  inward. 

Ollier's  ittrUion  (Fig.  1 1 5.  A)  is  anterior  to  this  one.  and  commences 
at  a  point  near  the  tip  of  the  conicoid  process,  follows  the  direction 
of  the  fibers  of  the  deltoid  downward  and  backward  for  about  4  inches. 


Fig.  115.— Excuion  oi  the  shDuIdci-iuinl :  .!,  Ollkr  ^  niLilK^i,  .'V.  t.-ii  L.ui^-:iibeck'*  lOcLsioD; 

and  is  also  carried  boldly  down  to  the  capsule  and  greater  tuberosity 
of  the  humerus.     The  latter  inci.sion  is  prefL-rable. 

Exposing  the  Head  of  the  Htonents. — The  long  head  of  the  biceps 
is  sought  for,  and  should  always  be  preserved.  The  capsule  is 
opened  by  an  incision  external  and  parallel  to  this  tendon,  made 
from  below  upward.  The  operator  must  now  decide  for  himself  as  to 
whether  he  will  use  the  open  or  the  subperiosteal  method.  The  former 
is  the  more  common  and  c^isier  procedure;  the  latter  is  more  difficult 
and  less  frequently  practicable,  but  gives  the  best  results.  In  per- 
forming the  open  method,  the  edges  of  the  wound  are  retracted,  the 
biceps  tendon  drawn  inward,  and  as  the  assi.stant  adducts  and  rotates 
the  humerus  the  insertion  of  the  capsule,  together  with  the  tendons  of 
the  suprasptnatus.  infraspinatus,  and  teres  minor  nmsrles.  is  severed. 
The  biceps  tendon  is  then  retracted  externally  and  mtated  in  the  op|>o- 
site  direction,  so  as  to  expose  the  subscapularis  tendon,  which  is  to  be 
severed  together  with  this  portion  of  the  capsule.  The  head  of  the 
bone  can  now  be  forced  up  out  of  the  capsule,  the  remaining  portion 
of  which  can  be  cut  acro.ss  if  necessary,  and  the  head  of  the  bone  be 


a 


366 


iNTEiiS*ATIO.\'AL    TEXTBOOK  OJ 


excised   by  ini-;iiis  nf  tlir  saw.      This  riietliod  severs  the  scapular 


It 


of  ih( 
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clcs  from  tliu  humerus,     it  is  ueii  not  to  remove  any  more 
than  is  iieccssar\%  particularly  in  children. 

The  object  of  the  subperiosteal  method  is  to  prcscr\'e  the  attadi- 
mcnt  of  the  scapular  muscles.  The  capsule  is  exposed  and  opened  » 
abuvL-.  and  the  biceps  tendmi  retracted  in  a  similar  manner.  By  mean* 
of  a  |XTiosteuin-eIevator,  as  the  arm  is  rotated  the  |icrioslL-uni,  capsule, 
anil  tendons  of  the  saipular  inuscle.s  arc  separated  from  the  bone  in  one 
continuous  layer,  .so  as  to  expose  the  head  of  the  humerus  and  more  ot 
less  of  the  tuberosities.  The  bone  is  then  forced  out  of  the  joint  and 
excised. 

Trans7'i-rse  Incision  {NHatott). — In  certain  instances  it  will  be  ncoo- 
sar}'  to  remove  a  portion  of  the  glenoid  fossa  and  to  supplement  tlic 
original  incision  by  a  transverse  one. 

Excision  of  the  Elbow-joint, — Excision  of  the  clbow-joinl 
should  be  "  complete,"  for  a  "  partial  "  excision  is  more  liable  to  be 
followed  by  ank}'losis — a  result  to  be  avoided 
the  elbow.  Nevertheless,  care  must  be  exercised 
in  order  that  too  much  bone  be  not  excised,  for 
this  may  leave  a  loose  and  consequently  inefficient 
jnint. 

The  bony  landmarks  consist  of  the  internal 
.uid  external  condyles  and  intervening  articuUr 
Mirface,  tlie  coronoid  and  olecranon  processes, 
and  the  head  of  the  radius.  The  other  structures 
In  be  observed  arc  the  internal  and  external  latc- 
lal  ligaments,  the  ulnar  and  posterior  interosseous 
ni  rvcs,  and  the  tendons  of  the  triceps,  biceps,  anij 
III  !i  liialis  amicus  muscles.  These  two  latter  Icn- 
il'<ns  should  never  be  severed.  There  is  ciangrf 
of  severing  the  ulnar  nerve.  The  variety  of  0|icr- 
ation  which  preserves  the  inlejjrity  of  the  most 
ligaments,  tendons,  and  |}eriosteum  is  the  most 
valis facto r>'.  The  operation  should  consequently 
be  as  subperiosteal  as  possible. 

The  posterior  longltudinAl  incision  Is  the 
iine  usually  employed  (von  Langcnbeck,  Fig. 
1 1 6,  a).  The  ami  is  flexed  and  held  with  tte 
lumicrus  nearly  vertical,  and  a  posterior  longi- 
tLidinal  incision  about  4  inches  long  is  made  so 
I  hat  its  center  is  at  the  top  of  the  olecranon 
[iiocess.  This  inciaon  is  carried  directly  to  the 
hone,  so  as  to  bisect  the  triceps  tendon  and  the 
posterior  ligament.  The  next  step  con.«;ists  in 
exposing  the  lower  cxtreraitv*  of  the  humerus  by 
removiiij^  periosteum,  ligaments,  and  tendons  in 
as  continuous  a  layer  as  possible.  This  is  best 
done  with  the  elevator,  using  the  knife  sparingly,  fl 
The  inner  half  of  the  triceps  tendon  is  first  retracted,  and  then  tlic" 
internal  condyle  cxpo.scd,  care  being  exercised  not  to  injure  the  ulnar 
nerve.     Then  the  external  condyle  is  similarly  denuded,  and  the  soft 
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parts  rcrraclcd  from  tlie  cxpdscci  bone.  The  extremity  of  the  hunicnis 
is  now  yraspt:ti  with  lion  furceps  and  sawed  across  transversely  just 
above  the  condyles.  The  forearm  is  now  raised  vertically,  so  as  to 
expose  the  ends  of  the  radius  and  ulna,  which  arc  to  be  freed  a  little, 
and  then  sawed  transversely  so  as  to  remove  a  tJiin  button  from  the 
radius. 

The  wound  may  be  closed  or  not,  according  to  the  judgment  of 
the  surgeon,  and  should  he  ])lacctl  upon  a  splint  at  an  angle  somewhat 
greater  than  a  right  angle,  with  the  extremitie.s  of  the  bones  not  in 
approximation.  Ankylosis  is  more  to  be  feared  in  children.  The 
fingers  and  wrist  should  be  free  and  allowed  to  move. 

In  Olller's  method  the  joint  is  approached  laterally,  one  object 
being  not  to  sacrifice  the  triceps  tendon.  A  cutaneous  incision  is  made 
vertically  along  the  interval  between  the  triceps  and  supinator  longus 
muscles  for  about  2  inches  above  the  joint-line  (Fig.  1 16,  b\  crossing 
tlic  condyle  below  toward  the  olecranon  process,  along  which  it  con- 
tinues for  an  inch  or  more.  A  short  vertical  incision  is  made  over  the 
intenial  condyle,  through  which  the  internal  lateral  ligament  is  severed. 
By  means  of  these  incisions  the  bones  arc  carefully  denuded  and 
excised  as  above  ;  but  this  method  is  less  practicable  than  the  former. 

The  object  of  all  elbow-excisions  is  the  production  of  a  healthy, 
movable  joint.  They  are  commonly  performed  for  advanced  cases  of 
bone-  and  joint-disease,  in  which  case  both  the  bone  and  the  soft 
parts  must  often  be  extensively  sacrificed. 

ExcUJon  of  an  Ankylosed  Elbow — An  elbow  is  frequently  anky- 
loscd  in  an  awkward  positiun,  and  although  it  docs  not  present  any 
active  [Wthological  prtjcess  nur  give  rise  to  an)'  subjective  symptoms, 
nevertheless  .such  an  elbow  is  not  very  useful,  on  account  of  the  limila- 
Unn  of  motion.  The  results  of  excision  in  such  cases  are  very  satis- 
faclof)'. 

The  joint  may  be  exposed  by  cither  the  posterior  or  the  lateral 
incisions.  On  account  of  the  absence  of  pathological  processes,  it  is 
necessary'  to  sacrifice  bone-tissue  only,  and  the  operation  can  be  made 
as  near  the  subperiosteal  t)'[je  as  is  possible.  The  incisions  are  to  be 
carried  as  near  the  bone  as  possible,  severing  the  capsule.  With  the 
periosteum-elevator  one  condyle  is  to  be  exposed,  and  then  the  other, 
working  carefully  from  within  the  joint,  and  removing  periosteum,  tiga- 
ments,  and  all  muscle- tendons  in  one  continuous  layer.  This  is  often  a 
difficult  task  on  account  of  the  irregularity  of  the  bones.  The  greatest 
care  should  always  bt?  e-verci-Jed  Ui  prx-venl  injur)-  to  the  ulnar  nerve. 
When  sufficient  bone  has  been  exposed,  it  may  be  removed  by  means 
of  the  saw  or  Iwne- forceps,  first  treating  the  humerus,  and  then  the 
radius  and  ulna. 

The  after-treatment,  as  usual,  consists  in  applying  a  splint  which 
fixes  the  forearm  at  an  angle  of  about  135  dc-grees,  pre\'enling  a  back- 
ward dislocation  and  securing  absnhite  ai>proxiniatinn  nf  the  fragments. 
Passive  movements  of  all  parts  should  l)e  resorted  to  early,  and  the  ann 
can  soon  be  flexed  to  a  right  angle. 

Reduction  of  Old  Unreduced  Backward  Dislocations  of  the 
EltMw  by  Operative  Measures. — In  thi>  dislocation  the  inferior  sur- 
face of  the  coronoid  process  of  tlie  ulna  is  carried  behind  and  above  the 
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trochlear  surface  of  the  humerus,  and  the  apex  of  the  process  tends  to 
enter  the  olecranon  fossa.  New  fibrous  bands  hold  the  bones  in  this 
abnormal  position,  and  in  time  a  new  socket  may  be  formed.  Operative 
measures  should  be  directed  toward  severing  these  bands,  overcoming 
all  adhesions,  reducing  the  bones  to  their  original  positions,  and  main- 
taining them  by  means  of  apparatus. 

The  first  incision  is  made  over  the  external  supracondyloid  ridge, 
extending  down  to  the  condyle,  and  thence  downward  and  inward, 
between  the  radius  and  ulna,  so  as  to  avoid  the  extensor  group  of  mus- 
cles, and  should  terminate  on  the  ulna.  Through  this  incision  all  ne«' 
bone-formation  should  be  chiselled  away,  fibrous  bands  severed,  and  the 
sigmoid  fossa  cleared  of  all  tissue.  A  curved  incision  is  to  be  made 
over  the  internal  condyle,  the  ulnar  nerve  isolated,  and  all  fibrous  bands 
divided.  The  parts  are  to  be  manipulated  until  perfectly  free,  the  bones 
to  be  replaced,  the  wound  closed,  and  the  parts  to  be  immobilized  Hith 
an  internal  angular  splint. 

The  arm  must  be  watched  carefully,  in  order  to  avoid  a  recurrence 
of  the  dislocation,  and  in  the  course  of  three  or  four  weeks  passiiY 
motion  should  be  commenced. 

Bxcislou  of  the  Wrist. — This  operation  consists  in  the  removal 
of  the  carpal  bones,  as  a  rule  ;  but  in  order  to  be  complete  the  lower 
extremities  of  the  radius  and  ulna  and  the  proximal  extremities  of  the 
metacarpal  bones  should  also  be  excised.  The  more  usual  indications 
are  chronic  disease  of  the  bones  or  their  joints. 

In  order  to  perform  this  excision  with  dexterity  the  anatomical 
features  of  the  bones  just  mentioned  must  be  understood.  The  carpal 
bones  are  united  by  a  capsular  ligament  strengthened  in  various  places, 
so  that  with  care  it  may  be  removed  as  a  single  layer  both  anteriorly 
and  posteriorly.  Posteriorly  and  laterally  the  bones  at  the  wrist  are 
practically  subcutaneous  ;  but  anteriorly  there  are  many  tendons,  nerves, 
and  vessels.  The  posterior  tendons  serving  as  guides  are  the  extensor 
longus  poUicis  and  the  extensor  tendons  of  the  index  finger,  the  radial 
artery  lying  to  the  outer  side  of  the  former  tendon ;  while  between  the 
tendons  (Fig.  1 17)  Is  a  space  crossed  by  the  radial  nerve,  and  offering 
a  safe  means  of  approach  to  the  radial  end  of  the  carpus.  In  this  space 
are  the  two  extensor  carpi  radialis  tendons.  On  the  radial  side  are  the 
extensor  tendons  of  the  thumb  and  its  metacarpus ;  on  the  ulnar  side  are 
the  extensor  and  flexor  carpi  ulnaris  tendons.  The  exterior  tendons 
crossing  the  carpus  posteriorly  need  not  be  disturbed.  Anteriorly  are 
the  deep  and  superficial  flexors  of  the  fingers  and  long  flexor  of  the 
thumb,  together  with  the  median  and  ulnar  nen-es  and  radial  and  ulnar 
arteries.  The  trapezium  is  important  surgically  from  the  fact  that  it 
supports  the  thumb  with  its  muscles,  is  in  close  proximity  to  the  radial 
artery,  and  that  a  groove  on  its  anterior  surface  lodges  the  long  flexor 
tendon  of  the  thumb.  Hence  this  bone  should  be  preserved,  if  possible. 
The  upper  bones  of  the  carpus  correspond  roughly  to  a  line,  convex 
upward,  which  connects  the  two  styloid  processes.  The  arteries  most 
liable  to  be  wounded  arc  the  radial,  the  carpal  arches,  and  the  deep  arch. 

Bilateral  Incision. — This  operation  is  likely  to  be  long  and  tedious, 
but  should  be  made  as  subperiosteal  as  possible,  with  only  the  neces- 
sar>'  sacrifice  of  tendons.     The  radial  incision  is  made  first.     It  should 
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commence  on  a  level  with  the  radial  sfyloid,  over  the  center  of  the 
IXfslerior  surface  of  the  radius,  and  be  carried  downward  lo  the  inner 
side  of  the  first  c;iqH>metacaqj.il  articulations  (Fig.  llS,  a),  thence 
aloHK  the  radial  side  of  the  second  metacarpal  for  lialf  iLs  di.stiincc, 
making;  an  incision  about  4  inches  long.  It  lies  to  the  ulnar  side  of  the 
extensor  longus  polljcis  muscle,  should  be  carried  to  the  bone,  and  it 
will  probably  sever  the  two  extensor  carpi  radialis  tendons.  The  ulnar 
incision  is  on  the  inner  side  of  the  wrist,  commencing  about  2  inches 
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above  the  ulnar  styltjid  process,  and  is  carried  down  between  the  two 
ulnar  carpal  tendons  and  reaches  as  low  a^  tiie  middle  of  the  fifth  meta* 
carpal  bone  (Fig.  1 18,  /')■ 

The  next  step  c<insists  in  removing  Uw  carpus  as  subperitK>teally  as 
possible;  it  may  Include  the  caqjus  as  a  whole,  or  each  bone  may  be 
removed  as  it  is  freed.  The  tr^ijiczium  is  separate<I  fri>m  the  carj'U*  and 
preserved,  if  possible,  as  is  tlie  pisiform  also.  Hy  means  of  an  elevator 
the  periosteum  and  tendons  are  separated  from  the  carpal  bones  ante- 
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riorly  and  posteriorly,  aided  by  ahcnialcly  flexing  and  extending  the 
hand  and  working  throuj^h  both  incision.s.  On  the  mdial  side  we  mu*; 
guard  against  injury  to  the  radial  artery  and  the  long  flexor  tendon  ol 
the  thumb,  if  the  trapezium  nnist  he  removed.  On  the  ulnar  side  ihcir 
is  less  to  be  injured.  Thus  all  the  carpal  bones  are  to  be  bared  and 
removed  with  as  liltlt-  injury  to  tendons  as  is  possible.  Thus  iar  the 
tendons  nn  the  posterior  aspect  of  the  radius  and  ulna  should  not  have 
been  disturbed ;  but  if  it  is  necessary  to  resect  a  portion  of  these  bones. 

the  general  layer  of  carpal  |>erii»s- 
teuni  is  to  be  elevated,  including; 
the  extensor  tendons,  exposing  as 
much  bone  as  may  be  ncccssan' 
The  hand  may  be  everted  and  thes: 
c.xtrenulies  removed  through  tlie  ul- 
nar incision,  according  to  the  exi- 
gencies of  the  case.  The  ends  of  the 
metacarpal  bones  are  to  be  exposed 
and  excised  if  necessary'.  TTie  alxnc 
incision  is  to  be  used  for  drainage  ii 
such  is  demanded.  The  furcami  and 
hand  are  t'i.\ed  by  means  nf  an  ante- 
rior splint,  and  the  fingers  left  fncc 
for  passive  motion.  Care  must  be 
taken  to  keep  the  hand  in  good 
position  until  the  tend<'ns  and  bone* 
become  readjusted  to  their  new  po- 
sition, and  consequently  the  splint 
must  be  worn  for  a  period  of  from 
two  to  six  months.  The  results 
from  this  o[>eration  arc  not  \"cri." 
satisfactory. 

DorAoradial  Incision    {i-on  /uin- 

/^i-ftfiftU-}. — .\  carpal  excision  maybe 

performed  through  a  single  straight 

carried   along  the  ulnar  side  of  iIk 

to  tlie   radius  (Fig.   Ii8,  «/),  and  is 

The    edges  of  the   wound    arc   elevated   and 

hand   strongly  flexed,  and   the  carpal  bones 


Fig.  ii8. — En'isio'i  III  ihr  wHit 
tncliton;  ^S.  ulniir  Incision 
grQl>ci:k'»  incbion. 


,  i.iili.il 
dJ.  von  I>in- 


incision  on  the  dorsum.      It  is 
second   mclacaqml  bone  up  on 
about  4  inches    long. 
retracted   laterally,  the 


removed  one  by  one.  This  incision  is  less  con\'enicnt  than  the 
bilateral  method,  and  is  attended  with  the  sacrifice  of  more  tendons, 
as  well  as  adding  to  the  ditHculties  of  an  already  complicated  oper- 
ation. The  length  of  time  necessary  to  perform  the  carpal  excisions 
renders  the  use  of  the  tourniquet  objectionable  on  account  of  the  sub- 
sequent tendency  to  heniorrliagc. 

Bxcisioti  of  the  Hip-joint. — This  is  usually  a  "  partial "  excision, 
for  only  the  upjier  extremity  of  the  femur  is  removed.  Anatomically 
we  have  to  deal  with  a  comparatively  simple  joint  which  is  deeply  sur- 
rounded b}'  large  muscles.  Tlie  numerous  niethods  of  excision  dificr 
mainly  in  the  situation  of  the  primary'  incision.  Tlw  most  favorable 
location,  however,  is  the  outer  and  ptislerior  aspect. 

Von    Lanjcenbeck's    Method   (Fig.    119.   a). — The   thigh   is   held 
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flexed  at  an  angle  of  45  degrees  and  rotated  inward.  An  incision  about 
4i  inches  long  is  made  over  the  great  trociiantcr,  parallel  with  the  shaft 
of  the  femur,  two-thirds  of  which  will  be  aJjuve  the  troclianter,  and  con- 
sequently over  the  joint.  The  f^Iuleal  muscles  will  Ik-  dividctl  mnre  or 
less  in  the  direction  of  their  fibers,  and  thus  the  incision  is  carried  down 
to  the  bone  and  capsule.  The  latter  is  opened  in  the  line  of  the  orig- 
inal incision  as  well  as  by  a  second  transverse  incision  close  to  ttic 
aceubulum.  The  muscles  are  severed  from  their  trochanteric  attach- 
ment, the  Hganientum  teres  divided,  and  the  head  of  the  bone  turned 
out  into  the  wound.  Denudation  will  be  extended  as  may  be  neccs- 
saiy.  and   the  exposed   bone  excised 


rl-i 
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The   acetabulum    should    be   curetted. 
It  is  s:ifcr  to  tlraiii  the  wound. 

Ollier's  Method  (i-ig.  i  iy.<^).— This 
metluHl  sacrifices  none  of  the  gluteal 
muscles  and  preserves  as  much  of  the 
capsule  as  Ls  possible.  The  incision  is 
a  cur\'ed  one.  beginning  about  3. inches 
below  the  crest  of  the  ilium,  midway 
between  the  anterior  and  posterior 
spines  of  the  ilium.  It  is  carried 
downward  and  backward  to  the  gn:;il 
trochanter,  .severing  only  the  .skin  and 
fascia,  ihence  along  the  shaft  of  the 
femur,  through  all  the  muscles,  down 
to  the  bone.  Its  length  will  be  about 
5  inches.  The  lips  of  the  wound  are 
retracted,  and  the  gluteus  maxinius 
will  be  seen  to  be  posterior  to  the  in- 
cision, and  the  fibers  of  the  gluteus 
medius  are  in  the  line  of  the  incision. 
These  are  to  be  separated,  and  not  di- 
vided; likewise  the  fibers  of  the  gluteus 
nunimus.  The  smaller  muscles  about 
the  trochanter  and  neck  of  the  femur. 

such  as  the  pyriformis.gemelli.andobtunitors.may  be  severed  or  retracted 
and  the  capsule  exposed.  The  next  step  consists  in  opening  the  upper 
surface  of  the  capsule  from  tlie  acetabulum  to  the  great  trochanter; 
then,  by  means  of  the  elevator,  the  capsule,  periosteum,  and  tendons  are 
removed  from  the  upper  extremit>'  of  the  femur.  The  head  of  the  btme 
is  to  be  dislocated  into  the  wound,  the  ligamentum  teres  severed  if  it  is 
not  already  destroyed,  and  tlie  hcati  firmly  grasped  by  forceps  and  then 
excised  as  extensively  as  may  be  necessar\'.  The  acetabulum  is  to  be 
curetted  as  occasion  demands.  The  wound  is  lreatc<t  according  to 
general  principles.  The  after-treatment  consists  in  fixation  and  moderate 
extension  of  the  leg. 

Anterior  Inciftion. — The  hip-joint  may  be  approached  by  an  ante- 
rior incision  about  4  inches  long,  extending  from  below  the  anterior 
superior  spine  of  the  ilium  toward  the  knee,  roughly  parallel  with  the 
inner  border  of  the  sarlorius.  No  muscles  need  be  severed.  The  joint 
is  placed  nearer  the  surface,  but  the  acetabulum  is  not  so  well  exposed. 
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Fig.  119.— RuctiioB  of  iht  hip:  ««. 
von  Ljut|«nl)cck's  method,  *i.  Ollicr't 
method. 
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This  route  has  some  advantages,  but  the  lateral  incision  is  the 
favorite. 

Bxcision  of  the  Knee-joint. — The  success  of  this  opciatioa 

depends  iipnn  obtaining  ankyl(i.sis  in  the  extended  position,  and  the 
excision  lilioiild  be  *■  complete."  Anatomical  I  y  the  knee  is  the  Ini^o: 
articulation  tlepcnding  upon  h'^aments  for  its  strength. 

The  semilunar  incii^ion  is  the  one  most  used  (Fig.  120).  The  kmr 
is  held  partially  flexed,  and  the  knife  is  entered  at  the  |>ostcriur  and 
upper  part  of  one  condyle,  and  then  carried  down 
across  the  front  of  the  joint,  about  f  inch  below 
the  jjateil.i,  then  up  to  a  correspondioK  point  on 
the  oppo.<*ite  condyle.  This  incision  includes  only 
the  skin.  The  knee  is  then  to  be  flexed  a  little 
mure,  the  li^amentum  jxitclJa.-  is  divided,  and  then 
the  lateral  ligantcnts.  and  finally  the  capsule  u 
severed,  thus  opening  the  joint.  The  knee  is 
flexed  still  more,  and  by  rotating  the  leg  the  cro- 
cial  ligamenLs  may  be  severed :  but  Uic  strong 
posterior  ligament  is  to  be  preser\'ed.  Elevate  the 
flap,  completely  Ilex  the  leg,  and  free  the  cond)'lc5 
according  to  the  c<tnditions.  .As  a  rule,  remox^e  as 
little  bone  as  is  ncces.sary.  particularly  in  childnm. 
Remove  the  articular  surface  of  the  condyles  b\' 
sawing  from  before  backward  in  the  horizonLil 
plane  of  the  articulntion.  and  not  at  right  angles 
to  the  femoral  shaft,  otherwise  the  deformity  t.( 
kiu»cU-knec  or  bow-legs  may  be  protiuccd. 

The  semilunar  cartilages  should  be  removed 
and  the  extremity  of  the  tibia  made  to  protrude 
from  the  wound ;  then,  by  sawing  from  Ixrfore 
backward,  a  thin  lamina  of  bone  is  removed  in  the 
plane  of  the  joint,  injury  of  the  soft  parLs  btnng 
guarde<l  against  by  retractors,  and  of  the  popliteal 
vessels  by  breaking  otT  the  last  |»<irtion  of  thts 
lamella.  The  patella  should  then  be  removed  according  to  llic  judg- 
ment of  the  operator.  All  portions  of  the  capsule,  as  well  as  all  dw- 
cascd  spots,  should  be  thoroughly  removed.  The  ends  of  the  bones 
should  meet  in  jxTfect  approxinution,  and  may  be  wired  or  not.  and 
the  wound  closed  with  or  without  dnunage.  according  to  the  nature  of 
the  case. 

The  aftej-treatineiit  calLs  for  absolute  re.«t  and  perfect  lixali<tii  of  the 
hmb.  If  the  wound  does  not  suppurate,  a  good  result  may  be  ex- 
pected ;  otherwise  the  case  will  be  very  tedious,  and  often  a  source  of 
much  pain.  The  results  following  this  excision  arc  not  vcr>'  favorable, 
so  that  cases  of  faulty  ankylosis  are  best  corrected  by  osteotomy. 

Othur  nictli'id-^  of  ixiisinn  fiiflt:r  jirincipally  as  to  the  line  of  indsion. 
Excision  of  the  Ankle-joint. — r.xcisiim  of  the  ankle-joint  was 
formerly  practised  quite  ixtensively.  but  nevertheless  the  results  were 
not  gratifying.  Severe  compound  fractures  about  the  ankle-joint  were 
commonly  treated  by  cither  excision  or  amputation,  but  the  present 
surgical  methods  have  rendered  excision  almost  obsolete  for  this  cJau 


Fiu.  ISO. —  lisi-'i-iiiiTi  >>\ 
ihc  IcnvL-  wiih  lonK  aitu-- 
rior  fla]i  inci&inn. 
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of  cases.  Gunshot  wounds  no  longer  call  for  excision  as  a  routine. 
Tuberculosis  at  the  ankle-joint  is  comninnly  overcome  by  other  meas- 
ures;  or  if  the  joint  is  serifHisly  tlisorganized.anifjutation  gives  a  more 
serviceable  leg.  Ojjcratior  is  furthermore  discouraging  on  account  of 
the  large  nunibernf  cxcisiuiis  which  are  followed  by  amputation.  Cases 
of  faulty  ankylosis  are  best  tested  by  osttK>tomy  rather  than  excision. 
The  after-treatment  is  tedious  and  uncertain,  and  freL|uently  demands 
considerable  mechanical  skill  in  the  application  of  splints  so  as  to  obtain 
fixation  and  at  the  same  time  permit  surgical  dressings  to  be  applied 
where    the  wound  has  suppurated. 

The  ankle-joint  Is  a  liinge-joint,  well  supported  by  bone  and  licld  by 
strong  ligaments.  The  operator  must  be  familiar  with  the  anatomy  of 
the  lower  extremity  of  the  tibia  and  fibula,  the  astragalus,  and  the  os 
calcis.  The  lateral  hgamcnls  are  strong,  but  the  anterior  and  posterior 
are  weak.  Many  tendons  surround  this  joint,  all  of  which  are  impor- 
tant in  strengthening  It.  and  should  not  be  cut  during  the  oi>enition. 
Behind  the  outer  nialletilus  are  the  two  peronei  tendons,  which  follow 
along  the  outer  subcutaneous  surface  of  the  os  calcis;  and  internally, 
behind  the  inner  malleolus,  are  in  general  the  plantar  flexor  muscles 
of  the  foot  and  tiies.  Anterior  to  the  joint  are  the  dorsal  flexors,  but 
the  tcndo  Achitlis  i.s  at  a  safe  distance  posteriorly.  The  tibial  nerves 
and  vc.s-sels  need  not  be  injured. 

Lauensteln's  Operation  (Fig.  131). — The  ad\'an'jige  of  this  method 
is  tliat  ihe  joint  can  be  well  cxpused  by  a  single  incision.     This  incision 


Kir..  i3t. — Kxcuion  of  ibe  nnklc. 

begins  near  the  shaft  of  tlie  fibula,  aluml  2  inches  above  the  niulleolus, 
and  is  carried  down  just  bcluw  the  extremity  of  the  bone,  and  then 
curves  forward  toward  the  dorsum  of  the  foot,  terminating  in  the  vicinity 
of  the  astragaloscaphoid  articulation.  Over  the  Bbula  the  incision  should 
be  carried  to  the  bone,  then  with  the  elevator  the  periosteum  is  reflected 
backward,  carrj'ing  with  it  the  two  peronei  tendons  undisturbed  in  their 
sheatli.  The  periosteum  is  likewise  rellected  from  in  front  of  the  fibula. 
The  external  lateral  ligament  is  to  be  cut.  and  then  the  malleolus  entirely 
exposed,  and  at  this  point  the  lower  incli  or  more  of  this  bone  removed 
by  saw  or  forceps. 

Continuing  with  the  elevator,  the  anterior  and  then  the  posterior  sur- 
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races  of  the  lower  extremity  of  the  tibia  are  to  be  exposed,  during  whk^ 
process  the  tendons  and  other  structures  are  to  be  retracted  rcsfxxtivdyj 
forward  or  backward.     U  will  now  be  possible  completely  to  invert  \\ 
foot  at  this  articulation,  thereby  exixjsing  the  joint-surfaces  of  the  titaa,^ 
fibula,  and    astratjalus  (Fig.    122).     These  surfaces  arc  to  be    trcatcjl 
according  to  the  principles  governing  cases  oi  resection,  as  considcnrd 
above.     It  is  advisable  to  remove  as  little  tissue  as  is  ctmsisCent  milii 
expediency.     The  foot  is  then  to  be  replaced  and  the  wound  closed. 


PaUUa. 


Sfiia  fii**.~ 


Atlinffalus. 

TfMdvm  ^  p^ra* 
nftii  toMgnt. 


M.  ^ro»fnt  frrtimt. 


ArtUntar  jmrf»er 
pf  hHa. 


-.\fjilfi>tits  fxtentuM. 
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'-  CafMie. 


I''IC.  i2j. — Uuiii^Lljon  of  the  ankle. 


Bilateral  Incision. — The  outer  incision  is  carried  down  over 

(ibiihi  as  ahnvc  ;  but  at  tlic  tip  nf  the  bane  it  is  usually  carried  only  a 
short  cJtstauce  cither  forward  or  backward.  The  internal  incision  is  a 
short  one  over  the  luwer  jjortion  of  the  internal  .surface  of  the  tibia 
and  internal  mnlleoius.  Throug^h  this  incision  the  periosteum  and  liga- 
ments arc  removed  from  tliis  bone,  and  through  the  external  indston 
the  parts  are  treated  as  in  the  unilateral  openitiini.  When  the  diseased 
tissue  has  been  removed,  the  wounds  are  to  be  clnsed. 

Afltr-treattmnt. — Favorable  cases  can  Ix;  closed  without  drainage, 
and  the  leg  fixed  with  plaster  of  I*aris  ;  but  such  results  are  not  the 
rule.  The  cause  of  operation  in  most  instances  is  such  that  suppuration 
is  unavoidable,  and  this  complication  renders  the  aftcr-trcatmenl  labo- 
rious and  very  uncertain  as  to  its  outcome.  The  problem  is  to  main- 
tain fixation  and  rest  with  the  foot  in  good  position,  and  yet  allow  access 
to  the  wound  for  dressings.     Various  contrivances  may  be  used,  such 
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as  fcncstrntcd  plaster  casts,  posterior  wire  splints,  or  even  a  special  appa- 
ratus for  particular  cases.  The  discouraging^  feature  in  most  of  these 
suppurative  cases  is  that,  after  months  or  years  of  treatment,  ampu- 
tation must  he  resorted  to  in  order  to  obtain  a  useful  limb. 

Arthrectomy  or  Erasion  of  a  Joint.— The  cUwc  R-laiion 
between  arthrectomy  and  excision  is  such  that  this  nn-thod  <if  Ireatinjj 
diseased  joints  should  be  considered  briefly  in  this  conneclton.  liy  the 
term  arthrectomy  or  erasion  of  a  juint  wc  mean  the  thorough  exjwsure 
iif  the  joint  by  one  method  or  another,  together  with  the  thorough 
removal  of  the  diseased  tissue  alone.  Hence  this  method  cannot  be 
applied  to  extensively  diseased  bones  and  joints,  but  only  to  cases 
where  the  destruction  is  still  superficial.  It  is  practically  a  curdling  of 
the  joint,  and  i.s  to  be  used  [larticufarly  in  the  early  stages  of  articular 
disease.  The  operation  must  always  be  performed  with  care,  and  it 
requires  experience  to  determine  when  all  the  patholopcal  tissue  has 
been  removed,  particularly  in  the  cancellated  bone.  Arthrectomy  offers 
iIk-  advantage  of  a  little  or  no  shortening  of  the  limb,  as  well  as  hut 
slight  tendency  to  deformit)'-  For  the  reason  that  it  is  a  measure  suit- 
able for  early  cases,  the  results  arc  move  favorable  than  those  following 
excision. 

As  a  rule,  each  joint  must  be  exposed  by  the  methods  u.scd  in  excis- 
ion of  the  same  joint ;  but  the  loss  of  tissue  and  the  mutilation  neces- 
sarv-  in  the  two  operations  arc  very  different,  hence  the  better  immediate 
prognosis  in  cases  of  arthrectomy.  In  \nmi\  of  fact,  most  cases  of 
excision  are  modi6ed  by  the  ojieration  of  erasion,  For  the  reason  that 
the  exact  condition  of  a  disea.<ied  proce-^s  in  a  joint  can  often  be  deter- 
mined only  after  it  has  been  opened  and  explored,  it  is  well  to  begin  the 
operation  with  the  idea  of  performint*  an  arthrectomy.  K.\tremc  cases 
of  joint-disease  will  probably  be  more  benefited  from  all  points  of  view 
if  an  amputation  is  [x-rformed  at  the  outset,  thus  avoiding  a  long  period 
of  suppuration  with  possible  serious  consequences. 


OSTEOTOMY. 

Osteotomy  is  the  term  used  to  describe  any  division  of  a  bone  in 
sitN ;  but  practically  it  means  the  division  of  bone  for  the  relief  of 
defo^mit>^  This  limits  the  operation  to  the  correction  of  deformity  fol- 
lowing fracture,  of  the  distortion  of  rickets,  and  of  certain  ankyloses  fol- 
lowing joint-disease. 

Osteotomy  may  be  performed  either  with  the  saw  or  with  the  osteotome. 
The  latter  is  to-day  the  instrument  of  choice  for  nearly  all  operations  of 
this  cla-ss.  It  can  be  handled  with  equal  or  greater  precision,  though  it 
requires  rather  more  skill  than  the  saw.  It  involves  less  risk  of  injury 
to  the  soft  parts,  and  does  not  fill  the  wound  with  bone-dust  and  chips, 
which  may  be  innocuous,  but  ma)'  act  as  foreign  bodies  and  become  the 
starting-point  of  an  infection. 

The  osteotome  in  common  use  is  that  of  Macewen — substantially  a 
simple  chisel,  but  with  an  edge  not  bevelled,  but  ground  evenly  from 
both  surfaces.  The  sides  are  straight :  the  cutting-edge  is  straight  and 
of  a  width  of  ^  to  |  inch,  usually  about  \  inch.  It  is  well  to  have 
osteotomes  of  different  thicknesses,  so  that  the  llvinner  may  be  used  to 
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complete  the  cutting  with  less  risk  of  becoming  wedged  or  of  splinterii^ 
the  bone.  Markings  on  the  blade  at  ^-inch  intervals  make  it  easy  to 
judge  of  the  depth  reached  by  the  cut.  The  mallet  used  is  preferably 
a  moderately  light  cari)enters'  wooden  mallet,  rather  than  the  steel  or 
lead  ones  sometimes  advocated. 

For  the  performance  of  the  operation,  the  limb,  after  careful  anti- 
septic preparation,  is  placed  firmly  on  a  sand-bag,  and  an  inci^on  is 
made  at  the  desired  point. 

There  is  rarely  need  of  tlie  free  incision  often  advised  ;  the  small 
space  needed  for  inserting  the  osteotome  is  gained  by  a  short  5calpel<ut 
reaching  to  the  bone,  though  it  is  often  practicable  to  drive  the  chisel 
itself  through  the  skin  and  down  to  the  bone.  The  bone  once  reached, 
the  blade  is  turned  to  the  desired  position,  avoiding  damage  to  the 
periosteum,  and  the  bone  is  cut  with  repeated  hammer- strokes,  the 
chisel  being  firmly  held  in  the  left  hand,  the  outer  side  of  which  should 
rest  on  the  skin,  to  avoid  slipping.  After  each  cut  the  chisel  should  be 
slightly  lifted  or  rocked  by  the  left  hand  to  avoid  wedging ;  it  should 
never  be  removed  from  the  bone,  as  the  cut  made  may  easily  be  lost 
The  osteotome  is  to  be  directed  now  forward,  now  backward,  as  needed  to 
ensure  cutting  the  full  width  of  tlie  bone,  until  about  two-thirds  or  three- 
fourths  of  the  thickness  of  the  bone  has  been  traversed,  when  an  attempt 
is  made  to  correct  the  deformity.  The  mechanism  is,  in  children,  a 
bending  of  the  uncut  portion  with  gaping  or  impaction,  as  the  case  may 
be,  of  the  opposite  side.     In  adults  the  bone  more  usually  breaks  across. 

Cuneiform  ostcotoitty  is  required  only  where  there  is  much  deformit}'. 
In  such  cases  the  wedge  removed  will  correspond  to  the  deformit}-; 
but  it  is  always  less  in  width  than  would  theoretically  be  needed  to 
ensure  a  full  correction.  Here  again  correction  may  be  obtained  with- 
out cutting  through  the  entire  bone.  The  operation  requires,  of  course, 
a  larger  incision  than  linear  osteotomy,  in  order  to  allow  for  cutting  as 
well  as  the  subsequent  removal  of  the  wedge.  It  is  a  severe  as  well  as 
a  somewhat  more  difficult  operation.  In  certain  cases,  as  in  bony  anky- 
losis of  the  knee  in  the  flexed  position,  it  is  essential  to  remove  bone ; 
but  unless  the  total  thickness  of  bone  is  very  considerable,  a  very  accu- 
rate adjustment  of  the  cut  surfaces  Is  not  essential  to  the  result. 

Osteotomy  for  Faulty  Ankylosis  of  the  Hip-joiut. — This 
operation  is  carried  out  in  the  tre:itment  of  certain  cases  of  ankylosis  in 
which  the  hip  is  fixed  or  its  motion  limited  in  such  a  way  that  the 
norni;il  erect  attitude  is  impossible.  This  includes  not  only  the  cases 
of  actual  ankylosis  of  the  joints,  but  cases  in  which  there  is  some  little 
motion  preserved  at  the  hip,  and  in  which  the  position  of  the  limb  is 
such  as  to  preclude  normal  use.  Most  usually  these  operations  are 
done  to  better  the  condition  of  imperfectly  cured  tubercular  disease. 
The  result  aimed  at  is  in  no  .sense  a  restoration  of  joint-function,  but  a 
fresh  ankylosis  in  improved  position. 

The  osteotomy  is  performed  either  through  the  femoral  neck  or 
across  the  shaft  below  the  trochanter. 

I.  Through  the  Neck  ol  the  Femur  {Adams's  Operation)  (Fig,  123, 
A). — Adams  wiitLS :  "The  narrow-bladed  knife  is  pushed  in  till  it 
reaches  the  neck  of  the  femur,  at  a  right  angle  across  the  front  of  which 
it  is  then  carried.     The  knife  is  then  gently  moved  to  cut  a  space  for 
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the  easy  insertion  of  the  saw.  which,  traversing  tlie  course  of  the  knife, 
reaches  the  front  of  tlic  neck  of  the  femur,  ami  [gradually  cuts  it  com- 
pletely through.  The  siit^con  cuts  until  he  feels 
that  the  saw  is  free  of  the  bone,  and  moving  iri 
the  soft  tissues  only  behind  the  bone."  The 
point  for  beginning  the  incision  is  about  a  finger's 
breadth  above  the  great  trochanter.  The  saw 
used  for  this  operation  is  the  special  one  shown 
in  l''ig.  124. 

The  operation  may  be  performed  equally  well 
with  the  osteotome ;  the  incision  is  made  in  the 
same  way,  the  osteotome  introduced  and  turned 
to  a  right  angle  with  the  femoral  neck,  which  is 
then  simply  divided  across. 

The  operation  has  certain  drawbacks:  first,  it 
is  inapplicable  in  the  frequent  cases  in  which  the 
femoral  neck  is  shortened  or  absorbed  as  a  re- 
sult of  disease ;  secondly,  satisfactory  reposition 
is  not  always  easy  after  the  bone  is  completely 
di\'ided. 

II.  Through  the  Shaft  of  ttie  Femur  below  the  Trochanter 
{Gatif's  Opcratioit)  (Mg.  123,  /?). — The  incision  for  this  operation  is  \)t 
inches  below  the  trochanter  major ;  it  may  well  he  made  with  tlie  chisel, 
which  is  driven  through  the  skin  directly  inward  till  it  reaches  the  bone. 
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Fig.  IS4.— Adams'*  simr  for  tubcutantroni  liiviMuii  of  (he  neck  of  ihc  femur. 

and  then  turned  till  the  blade  is  at  right  angles  to  the  line  of  the  femoral 
shaft.  The  bone  is  cut  across  just  below  the  lesser  trochanter.  It  is 
well  not  to  divide  the  bone  entirely,  but  to  leave  a  small  portion  to  be 
broken  when  the  deformity  is  corrected,  thus  ensuring  better  apposition 
of  the  fragments.  The  hmb  is  put  up  with  proper  correction  of  previous 
deformity;  and  if  there  is  some  shortening,  this  may  be  practically 
equalized  by  slight  abduction  of  the  leg  in  the  fixation -apparatus.  It 
may  sometimes  be  ncccssar)-.  in  order  to  correct  fully,  to  divide  con- 
tracted bands  of  fascia  through  an  incision  anterior  to  the  joint.  Con- 
finement to  bed  for  about  si.\  weeks  is  neccssarv', 

The  results  are  excellent,  and.  though  it  is  ilieoretically  le.ss  nearly 
correct,  tliis  operation  is  preferable  to  that  of  Adams  in  a  great  majority 
of  cases.  The  longer  incision  and  the  excision  of  a  wedge,  advocated  by 
Volkmann.  seem  to  be  unncccssan.'  in  practice. 

An  oi>eration  is  described  (Volkmann)  by  which  correction  of  the 
deformity  is  attained,  and  an  attempt  made  to  secure  a  serviceable  false 
joint.  The  bone  is  cut  acro.ss  l>cl<nv  the  trtxilianters,  and  the  upper  end 
of  the  shaft  shortened  to  give  room,  and  rounded  off  to  fit  into  a  cup 
scooped  out  of  the  trochanter.  Cases  arc  reported  sufficiently  success- 
ful to  show  the  possibility  of  such  a  result,  but  the  method  is  as  yet 
insufficiently  tried  to  be  regarded  as  established. 
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Osteotomy  for  Genu  Valgum. — This  operation  is  performed  in 

all  adult  cases  of  knock-knee  requiring  treatment,  and  in  children  in 
most  cases  in  which  the  deformity  that  follows  active  rickets  has  taken 
place.  It  has  been  done  as  early  as  the  third  year ;  but  permanently  good 
results  may  be  more  confidently  expected  if  four  years  be  taken  as  the 
limit.  Various  open  operations  for  the  rectification  of  knock-knee  have 
been  performed,  to  say  nothing  of  the  methods  of  forcible  correction, 
osteoclasis,  etc. ;  but  the  only  operation  accepted  as  a  routine  measure 
to-day  is  the  supracondyloid  osteotomy.  The  deformity  in  the  usual 
form  of  knock-knee  depends  essentially  upon  a  relative  overgrowth  di 
the  inner  condyle  of  the  femur.  This  cannot  be  perfectly  corrected; 
but  by  changing  the  direction  of  the  bone  just  above  the  growing 
epiphysis,  a  straight  general  line  is  given  to  the  leg,  and  the  defomii^- 
resulting  from  the  operation  is  trifling  (Fig.  125). 

Macewen's  5upracondylold  Osteotomy  of  the  Femur. — For  this 
operation   the  flexed  knee  is  laid  on   its  outer  side  on  a  sand-bag, 

and  a  longitudinal  incision  is  made  at  a 
point  J  to  I  inch  above  the  adductor  tu- 
bercle, anterior  to  the  insertion  of  the  ad- 
ductor magnus.  Either  a  scalpel  is  used, 
or  the  osteotome  is  driven  directly  into  the 
bone,  and  then  turned  into  such  position 
that  it  will  divide  the  bone  in  a  direction 
outward  and  sufficiently  upward  to  avoid 
the  epiphyseal  cartilage  (Fig.  125).  Care 
must  be  taken  to  move  the  chisel  suf- 
ficiently to  prevent  its  becoming  wedged, 
and  to  direct  it  forward  and  backward 
enough  to  ensure  cutting  the  anterior  and 
posterior  walls  of  the  bone  completely 
through.  When  two-thirds  or  three- 
fourths  of  the  bone  has  been  divided,  an 
attempt  should  be  made  to  correct  the  de- 
formity. If  the  division  has  been  properly 
carried  out,  the  outer  cortical  layer  of  the 
bone  bends  or  breaks,  and  there  is  impac- 
tion on  the  inner  side,  giving  a  complete 
correction  with  fixation  of  the  fragments. 
Neither  drainage  nor  sutures  are  neces- 
sary'. A  plaster-of- Paris  bandage  is  worn  for  about  four  weeks, and  the 
child  allowed  to  stand  on  the  leg  at  about  six  weeks,  or  even  less,  after 
operation.  The  functional  as  well  as  the  esthetic  results  are  excellent; 
the  mortality  is  trifling  (less  than  \  per  cent.). 

Accidental  wounding  of  tlie  anastoniotica  magna  and  injury  to  the 
peroneal  nerve  should  be  mentioned  as  rare  complications  that  have 
occurrcti  in  connection  with  this  operation. 

Osteotomy  of  the  Shaft  of  the  Femur  from  the  Outer  Side 

The  thigh  is  adductcd  and  inverted,  and  a  short  transverse  incision,  2 
inches  above  tlie  external  condyle,  is  carried  through  the  iliotibial  band 
to  the  bone.  The  chisel  is  then  inserted  and  the  shaft  cut  through 
transversely  till  the  outer  surface  is  nearly  reached;  the  correction  is 


P'lc;.  125.— Section  <if  femur  in 
knock-knee,  showing  lint;  of  sec- 
lion  in  Macewfn's  opcriiiion. 
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then  carried  out  as  before.  In  this  operation  there  is  gaping  rather 
than  impaction  of  tilt*  cut  surfaces. 

This  operation,  thouj^h  uriohjeclitjnablc,  lias  largely  been  abandoned 
for  tluu  of  MacKwin. 

Osteotomy  for  Faulty  Ankylosis  of  the  Knee-joint. — In 
cases  of  ankylosis  in  whicJi  forcible  straij^litcning  is  conlra-iiidicatcd  or 
impossible,  a  linear  osteotomy  above  the  condyles  may  be  done,  differ- 
ing from  tlie  typical  MacKwen  operation  only  in  that  the  anterior  wall 
is  completely  divided,  anil  the  posterior  instead  «if  the  t-xtenial  wall 
left  uncul,  to  be  broken  across  by  the  masiipulatinns  fur  correction. 
It  may  often  be  wise  not  to  attempt  full  correction  immediately,  but  to 
secure  a  partial  correction,  and  reach  the  final  result  by  straiglUening 
the  knee  a  little  more  at  each  dressing.  An  advantage  x>i  this  opera- 
tion is  that  it  makes  it  possible  to  preserve  antl  use  such  motion  as 
may  have  been  present  iK'forc  correction. 

llie  operation  is  an  excellent  means  nf  correcting  faulty  ankyloses 
up  to  about  45  degrees  of  flexion ;  more  cxtetisivc  flexion  with  anky- 
losis is  usually  better  treated  by  a  wedt^e-shaped  excision  of  the  joint: 
or  linear  osteotomy  of  tlic  tibia  just  bel<»w  the  knee  may  Ixr  added  to 
the  itstcoloniy  i>f  lite  feiniir. 

Osteotomy  of  the  Tibia. — TI»ree  «ijjcratii>ns  are  done  cm  the 
tibia — linear  osteotomy  just  below  the  tut>erositics.  performed  in  knock- 
knee  or  in  ankylosis  of  the  knee ;  linear  osteotomy  of  tlic  shaft  for  the 
correction  of  bowlegs  or  deformed  fractures;  and  cuneiform  osteotomy 
for  the  same  purpose. 

Osteotomy  of  the  Tibia  below  the  Tuberosities — A  transverse 
incision  is  made  just  below  the  tuberosities  of  the  tibia,  carried 
from  the  sfiine  backward  across  the  inner  side,  'a\\(\  the  hone  divided 
transvcrsel)',  the  chisel  being  driven  from  within  outwarti  as  the  poste- 
rior portion  of  the  bone  is  reached,  and  fjreat  care  being  taken  to  avoid 
injury  of  the  structures  at  the  outer  side. 

By  another  method,  an  anterior  longitudinal  incision  is  used,  and 
bent  relraclors  are  introduced  behind  the  bone,  between  it  and  the  soft 
parts,  thus  protecting  the  popliteal  space  from  the  final  blows  of  the 
chisel. 

The  fibula  is  not  always  divided  in  this  operation,  but  the  danger 
of  injuring  the  peroneal  ncr^e  is  said  to  be  lessened  when  this  bone  is 
carefully  chiselled  across.  I-Or  this  purpose  an  incision,  a  little  below 
the  fibular  head,  is  carried  direct  to  the  bone,  which  is  divided  with  the 
osteotome. 

According  to  Kocher,  t!ie  liability  to  damage  of  this  nerve  during 
the  reduction  is  less  if  a  «'<v4'<'--rAa/crf  osteotomy  of  the  tibia  is  resorted 
to.  as  less  force  need  be  used. 

Linear  Osteotomy  of  the  Tibia. — This  is  the  operation  of  choice 
for  such  bowlegs  as  cannot  be  dealt  uitli  by  osteoclasis — especially 
for  the  "anterior  bowlegs."  in  which  the  bend  is  usually  a  sharp 
and  well-localized  one,  and  for  bends  ver>'  near  the  epiphyses. 

A  rather  broad  osteotome  is  introduced  through  a  knife-cut  at  the 
point  of  maximum  curve;  the  bone  is  partly  divided  transversely,  and 
the  correction  completed  by  the  fracture.  When  there  is  marked 
deformity,  the  posterior  wall  of  the  tibia  may  be  chiselled  first;  then 
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there  wi!!  be  a  gap  posteriorly  instead  of  an  anterior  impaction.  In 
this  way  something  may  be  saved  in  the  matter  of  shortening.  Fre- 
quently a  tenotomy  of  the  tendo  Achillis  is  necessary  to  a  full  and 
easy  correction.  Chiselling  of  the  fibula  is  rarely  required  ;  the  bone 
gives  way  in  a  green-stick  fracture  as  the  tibia  is  corrected. 

The  operation  for  deformity  after  fracture,  not  infrequently  per- 
formed in  this  situation,  is  essentially  the  same,  save  that  the  fibula  in 
these  cases  should  usually  be  divided  through  an  appropriate  external 
incision. 

Trendelenburg's  supramalleolar  osteotomy  for  the  relief  of  flat-foot 
is  practically  the  same  operation. 

Cuneiform  Osteotomy  of  the  Tibia. — This  operation  is  rarely 
required,  and  is  performed  only  in  cases  in  which  the  deformity  is 
extreme,  and  consists  of  a  single  bend  in  the  bone.  An  incision  is 
made  over  the  convexity  of  the  bend,  and  a  wedge,  corresponding  to 
the  degree  and  direction  of  the  deviation  to  be  corrected,  is  chiselled 
out  and  removed.  The  base  of  the  wedge  is  usually  directed  ante- 
riorly. 

Osteotomy  for  Halltix  Valgus. — This  operation,  according  to 
Barker  and  Reverdln,  is  an  improvement  on  the  resection  of  the  joints 
which  was  previously  practised  in  these  cases.  An  incision  is  made  to 
the  inner  side  of  the  great-toe  joint,  long  enough  to  admit  the  osteo- 
tome about  \  inch  behind  the  joint-line.  The  bone  is  cut  nearly 
through,  then  fractured  into  the  desired  position  and  held  by  suitable 
apparatus.  In  very  severe  cases  it  may  be  necessary  to  resect  a  wedge 
of  bone  at  this  joint  to  secure  the  desired  connection.  The  result  of 
either  operation  is  good  in  all  but  the  very  worst  cases. 

In  this  class  the  operation  described  by  Weir  seems  more  complete. 
more  rational,  and  more  likely  to  give  the  best  results.  He  advocates 
cutting  the  joint-capsule  on  the  outer  side,  with  partial  resection  of  the 
head  of  the  metatarsal,  especially  the  hypcrtrophied  inner  and  anterior 
surface.  The  cartilage  of  the  phalanx  is  not  cut,  so  that  motion  is 
preserved.  The  sesamoids  are  removed  fthcir  absence  seems  not  to 
interfere  with  perfectly  efficient  flexion).  In  some  cases  pre.se r\'ation 
of  the  corrected  position  of  the  toe  has  been  aided  by  transplanting 
the  extensor  proprius  hallucis  tendon  to  the  inner  side  of  the  first 
plialanx. 

Osteotomy  for  Inveterate  Club-foot. — The  removal  of  a  wedge 
of  bone  with  the  apex  at  the  inner  side  of  the  foot  is  not  infrequently 
performed  in  cases  of  inveterate  club-foot  with  marked  deformity  which 
have  resisted  all  other  means  of  treatment. 

In  this  operation  a  wedge  is  removed  irrespective  of  bony  boundaries 
— a  wedfTc  composed  externally  mainly  of  the  cuboid  and  the  anterior 
end  of  the  calcaneus,  intcrn.dly  cutting  through  or  including  the  sca- 
phoid. It  may,  however,  include  parts  of  all  the  tarsal  bones  (Fig.  126I. 
Various  incisions  are  used.  An  oval  may  be  excised  externally,  in- 
cluding the  callus  and  the  bursa  present  in  these  cases  over  the  cuboid, 
with  a  corresponding  simple  vertical  incision  at  the  inner  side.  A 
T-shaped  cut  with  the  vertical  arm  running  over  toward  the  scaphoid 
may  be  used,  or  a  simple  transverse  incision  from  the  .scaphoid  across 
the  dorsum  of  the  foot  to  the  outer  side.     In  any  case,  the  next  step  is 
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the  pushing  of  the  extensor  tendons  up  and  inward,  the  {wroneous 
longu.s  tendon  down  and  back.  The  bones  arc  carefully  cleared  with 
the  periosteal  elevator;  then,  the  wound-edges  being  held  separated 
with  retractors,  a  wedge  is  removed  with  saw  or  chisel,  so  that  the  fool 
can  be  brought  into  a  fully  corrtctL-d  position.  This  wedge  .should  be 
so  cut  as  to  be  brnirght  tint  in  one  piece. 

Suturing  the  bones  in  apposition  i.s  advocated,  but  is  not  really 
essential.  Any  hemorrhage  is  to  be  controlled,  the  external  wound 
sutured  with  or  without  drainage,  and  the 
foot  then  fixed  in  plaster-of-Faris  in  fully  cor- 
rected position, 

Union  should  be  tirni  in  iibout  six  weeks; 
but  the  operalion  shoiilil  be  followed  by  mas- 
sage and  suitable  exercises,  and  a  retentive 
apparatus  worn  for  a  considerable  time  after 
this,  if  the  best  results  are  to  be  obtained, 
The  results  of  this  operation  are  good ;  but 
the  operation  is  a  severe  one.  and  usually  rc- 
suii,s  can  be  obtained  without  sn  nuich  sacri- 
fice of  hone,  which  ncces.sarily  results  in  con- 
siderable shortening  of  the  foot. 

A  more  rational  form  of  osteotomy  for 
club-foot  consists  in  cutting  a  wedge  from 
tiic  anterior  end  of  the  os  calcis,  while  a  sec- 
tion of  the  neck  of  the  astragalus,  pcrfomictl 

from  the  inner  side,  practically  continues  the  line  of  the  wedge  incision, 
and  makes  full  connection  pos.siblc  with  substantially  no  loss  of  bnne. 
If  this  operation  be  done,  where  needed,  as  the  last  stage  of  I'helps's 
operation — division  of  all  resistant  structures  by  open  incision — it  gives 
a  means  of  correction  in  all  cases  save  those  with  extreme  deformity 
in  adults,  where  the  formal  wedge-shaped  osteotomy  described  above 
ma)'  still  be  necessary- 
Operation  for  Talipes  Equinus. — Tbi.s  operation,  originated,  as 
was  that  for  cquinovarus.  by  Davy,  is  substantially  the  operation  just 
described,  sa\  e  that  the  base  of  the  wedge  removed  is  iltrcctcd  upward 
instead  of  outward. 

For  the  skin -incision,  either  wedge-shaped  pieces  of  skin  may  be 
cut  out  on  either  side  corresponding  to  the  bone-wedge  to  be  ivmoved, 
or  T-shapcd  incisions  may  be  used.  Like  the  wcdge-osteotoniy  for 
varus,  this  operation  entirely  disregards  bony  landmarks.  It  consists 
simply  of  stripping  up  and  protecting  the  soft  parts  while  such  a  bony 
wedge  is  sawed,  or  better  chi-sclled  out.  as  will  enable  the  foot  to  be 
brought  to  the  corrected  position  and  held,  with  or  without  suturing 
the  bones  in  place.  The  after-treatment  is  the  same  as  that  for  the 
varus  operation — fixation  in  a  corrected  position  till  bony  union  is 
completed;  then  massage  ami  e.\erciscs  till  the  foot  is  ready  for  use. 

Operation  for  Flat-foot. — In  cases  of  extreme  flat-foot,  a  wedge- 
shaped  osteotomy  may  be  [jcrformed  according  to  the  method  of 
Golding  Bird.  The  wedge  removed  consists  of  the  scaphoid,  or  o(  the 
scaphoid  and  part  of  the  astragalus.  For  the  best  correction,  the  cut 
should  extend  across  the  full  width  of  the  tarsus  to  its  outer  border. 
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In  this  way  adduction  of  the  front  part  of  the  foot  as  a  whole  Js  pos- 
sible, and  moderately  accurate  apposition  of  the  cut  surfaces  wth 
restoration  of  the  arch. 

Cyston^s  operation  is  a  wedge-osteotomy  of  parts  of  the  scaphoid 
and  of  the  astragalus.  The  astragalus  and  scaphoid  are  pegged  in 
their  relative  positions  after  correction  of  the  foot,  the  object  aimed  at 
being  ankylosis  of  these  bones. 

Schwartz  describes  a  wedge-resection  which  is  substantially  that  of 
Golding  Bird.  The  incision  is  made  from  \  inch  in  front  of  the  internal 
malleolus  to  the  first  cuneiform  bone.  The  soft  parts  are  stripped  up, 
and  a  wedge-cut,  irrespective  of  the  joints,  but  includinjj  usually  the 
scaphoid  and  a  part  of  the  astragalus,  is  removed.  The  foot  is  then 
fixed  in  corrected  position,  the  internal  cuneiform  and  the  neck:  of  the 
astragalus  coming  in  contact. 

In  relation  to  these  operations,  it  is  to  be  remembered  that  the>'  all 
necessarily  .sacrifice  something  of  the  "length"  and  of  the  elasticity  of 
the  foot,  and  can  in  no  proper  sense  cure  the  deformity  ;  while  it  is  pos- 
sible by  mobilization,  forced  correction,  mechanical  support,  and  e.ver- 
cises  actually  to  cure  many  cases  and  to  give  great  relief  to  nearly  all 

Golding  Hird  would  limit  operation  to  such  cases  as  have  persistent 
pain  irrespective  of  support  and  correction,  due,  he  thinks,  to  crowding 
together  of  the  structures  at  the  outer  side  of  the  foot.  It  is  certain 
that  the  class  of  cases  of  flat-foot  to  be  operated  upon  is  confined  to 
those  in  whom  nothing  is  to  be  gained  by  other  treatment,  and  in  whom 
the  relief  of  pain  and  the  fair  functional  results  attainable  by  the  oper- 
ation distinctly  offset  its  disadvantages.  This  class  of  cases  is  decidedly 
a  small  one. 

Operative  Treatment  of  Trnunited  Fracttire. — In  the  treat- 
ment of  ununited  fracture  of  the  long  bones — femur,  tibia,  and  the 
bones  of  the  upper  and  lower  arm — many  authors  have  recommended 
various  measures  to  promote  union  without  actual  resection.  These 
would  seem  of  little  or  no  value  in  well-established  cases  of  non-union. 
There  are,  of  course,  the  frequent  cases  of  ilelayed  union,  not  definitely 
separated  as  a  class,  in  which  union  finally  occurs  apparently  irre- 
spective of  treatment,  hi  these  cases  no  resection  is  needed  ;  and  now 
that  we  have  the  assistance  of  the  r-rays,  it  will  probably  be  possible 
to  separate  the  cases  in  which  resection  is  advisable,  the  established 
pseudartiiroses  in  which  no  further  repair  is  to  be  expected.  These 
are  of  two  classes — those  in  which  a  new  joint  has  been  formed,  often 
a  rough  ball-and-socket  joint ;  an<l  those  in  which  there  has  been  not 
a  new  growth,  but  rather  an  actual  absorption  of  the  bone-ends. 

Many  methods  of  resection  of  bone-ends  for  these  cases  have  been 
described,  usually  differing  only  in  minor  details  of  no  ver>'  definite 
value.  The  simplest  method,  and  probably  the  most  eRficient,  consists 
of  a  transverse  resection  of  the  tips  of  the  fragments,  together  with 
such  external  apparatus  as  is  necessary'  to  ensure  close  coaptation  of 
the  cut  surface. 

Operation  by  Resection  of  the  Ends  of  the  Bones. — This  oper- 
atif)n  is  usually  simple,  the  points  of  most  importance  being  the  strict- 
est anti.sepsis,  free  incision,  and  accurate  coaptation.  The  incision  is 
so  placed  as  to  reach  the  bone  by  the  shortest  route,  and  must  be  suf- 
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ficiently  long  to  allow  the  free  end  of  each  fragment  to  he  brought  out 
of  the  wound.  The  bones  should  be  well  denuded  of  the  tough  cica- 
trix which  surrounds  them,  and  the  denuded  ends  bruujTht  out  within 
reach  of  the  chisel  or  saw.  Tliis  is  important,  not  only  in  order  to 
avoid  injury  of  the  soft  jvarts.  but  to  make  the  section  of  the  bones 
more  accurate.  Either  chisel  or  .saw  ntay  be  used,  preferably  the  hitter, 
and  so  much  of  the  ends  cut  away  as  may  be  necessary  to  give  a  fresh 
surface  of  spong>'  hone,  (ireal  care  should  be  used  in  making  the 
section  accurately  transverse,  as  accurate  coaptation  of  tlie  fresh  sur- 
face and  easy  retention  of  posilioti  depend  largely  on  this  point. 

The  after-treatment  is  carried  out  cx;ictly  on  the  lines  of  im  ordinary 
compound  fracture^  except  that  extra  care  is  to  be  taken  in  the  matter 
of  inimobiliziilion. 

Operation  by  Wiring  the  Fragments. — In  this  operation  llu-  details 
of  preparation — incision,  the  denuding  of  the  bone-ends,  and  the  removal 
of  a  pi>rtion  of  the  ends — are  carried  out  in  precisely  the  same  way  as 
for  simple  resection.  Then  liules  are  drilled  through  the  cortical  layer, 
^  to  J  inch  from  the  cut  edgf,  penetrating  nb!i<|uely  to  (lie  cut  surface. 
The  drill  should  U*  slightly  larger  than  the  wire  to  be  used.  Silver 
wire  is  chosen  for  this  purpose.  The  piece  of  wire  is  inserted  through 
the  drill-holes,  including  in  this  way  a  portion  of  each  fragment,  the 
ends  arc  brought  together  on  the  outside  of  the  bone  and  twisted  together 
with  heavy  forceps,  cut  short,  and  the  twisted  portion  hammered  down 
so  as  lu  lie  close  against  the  bone.  Whether  one  or  more  points  on 
the  circumference  of  the  cut  Ihuic  are  to  be  sutured,  and  where  the 
sutures  arc  to  be  placed,  nuist  be  matters  of  Judgment  in  each  individ- 
ual case. 

The  question  of  the  advisability  of  using  wire  sutures  at  all  is  to- 
day a  moot  point.  On  the  whole,  the  practice  seems  to  have  little 
actual  evidence  to  support  it.  It  is  ob\-ious  that,  even  when  freshly 
placed,  sutures  of  this  sort  are  a  very  imperfect  mode  of  fixation  ;  and 
when  we  consider  that  the  [irescnce  of  the  wire  determines  absorption 
of  the  bone  about  It,  with  consequent  loosening,  it  becomes  clear  that  the 
wire,  if  useful  at  all,  can  act  only  to  prevent  lateral  displacement.  Whether 
thk  might  not  equally  well  he  attained  with  other  sutures  is  a  question. 
It  is  true  that  there  should  be  no  danger  from  sepsis  from  the  wire, 
and  its  presence  is  often  entirely  unnoticed  bj-  the  patient  for  long 
periods  of  time.  In  other  cases,  on  the  other  hand,  the  wire  unques- 
tionably acts  as  a  foreign  body,  and  causes  irritation,  late  suppuration, 
and  sloughing  of  Ihe  skin  over  it.  These  cases  are  particularly  trouble- 
some because  of  the  difficulty  of  removing  the  wire,  esi^ecially  when 
it  has  been  long  embedded. 

Apart  from  these  considerations,  the  influence  of  the  presence  of 
the  wire  <in  the  process  of  repair  is  more  than  doubtful.  It  is  known 
that  sui>})uration  and  necrosis  may  result,  and  that  the  wire  causes 
some  bone-rarefaction  in  its  immediate  vicinitj'.  It  seems  only  fair  to 
assume  that  it  must  act  to  some  extent  as  an  irritant,  and  in  many 
cases  at  least  be  prejudicial  to  union  of  the  fragments. 

From  the  standpoint  of  actual  results,  moreover,  it  may  be  said 
that  simple  resection,  with  proper  and  efficient  immobilization  of  frag- 
ments, yields  as  good  results  as  wiring. 
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Kxcision  of  the  Upper  Jaw  (Figs.  127-129). — This  operatior. 
formally  carried  out,  is  practically  limited  to  cases  of  new  growths. 
Partial  excision  may  be  performed  for  a  variety  of  causes,  more  espe- 
cially for  necrosis  of  the  jaw. 

Osteoplastic  resections,  so  called,  in  which  the  portion  temporarily 
displaced  is  not  separated  from  the  soft  parts  and  is  subsequently 
replaced,  may  be  ]x;rformed  in  cases  of  nasopharyngeal  polypus,  etc.. 
when  more  room  is  needed  than  is  afforded  through  the  naturdi 
openinfjs. 

For  the  complete  operation  there  are  several  methods  of  gainin;; 
access  to  the  parts  to  be  divided,  all  aiming  at  a  minimum  of  displace- 
ment by  the  external  incision,  as  well  as  at  ease  of  access. 

The  bones  to  be  divided  in  removing  the  whole  of  the  upper  jaw 
are :  a,  the  nasal  portion  of  the  superior  maxilla ;  b,  the  external  por- 
tion of  the  maxilla,  or,  more  usually,  the 
malar  bone  itself  just  outside  the  junction: 

c,  the  orbital  plate  divided  in  combination 
with  the  cuts  dividing  a  and  b  (Fig.  1271; 

d,  the  median  connection  from  the  teeth 
to  the  soft  palate.  These  points  arc  di- 
vided in  much  the  same  way  in  all  de- 
scribed methods. 

The  primary  danger  of  the  operation 
is  from  hemorrhage,  and  temporar)'  liga- 
tion of  the  external  carotid  has  been  em- 
ployed to  lessen  bleeding.  It  is  not.  how- 
ever, usually  done.  The  free  hemorrhage 
involves  much  trouble  in  some  cases  from 
inspired  blood,  and  some  op>erators  have 
preferred  to  do  tracheotomy  and  use  Tren- 
delenburg's tampon-cannula.  or,  still  bet- 
ter, insert  a  tracheotomy  tube  and  plu|j 
the  throat  from  above.  Rose's  positifn 
has  also  been  employed.  None  of  these 
measures  is  absolutely  necessary,  and  it 
must  depend  on  the  case  whether  they  are  of  sufficient  value  to  make 
up  for  their  disadvantaf^es,  or  whether  the  operator  will  depend  on 
ready  and  accurate  sponging. 

By  Median  Incision. — The  typical  incision  for  the  operation  is  the 
median  (Fig.  128,  a).  This  starts  from  a  point  a  little  below  the  inner 
canthus,  runs  down  alongside  the  nose,  cros.ses  to  the  middle  of  the 
lip,  anti  is  thence  carrietl  down  in  the  median  line,  the  lip  being  split 
through.  The  coronar)-  arteries  may  then  be  secured,  and  the  sec- 
ond incision  carried  from  the  upper  end  of  the  first  incision  outward 
along  the  lower  edge  of  the  orbit.  The  .soft  parts  are  then  stripped 
back  from  the  bone  and  the  vessels  .secured.  The  nasal  cartilages  are 
frectl  from  the  bone,  and  the  nasal  process  cut  through  with  chisel  or 
cutting-forceps.  The  orbital  plate  is  tlicn  divided  subperiosteally  on  the 
same  line,  the  division  Iieing  carried  back  to  the  sphenomaxillarj'  fissure. 
The  next  cut  divides  the  malar  bone,  and  in  line  with  it  the  orbital 
floor  is  again  divided.     The  knife  will  suffice  for  this  division.     The 


Fig.  127. — T.ini's  of  sirtion  of  bone 
in  excision  of  Uic  upjicr  jaw  ;  ,ib  c d, 
typical  loLil  rtscction; /iA.('/(f,  Ol- 
licr's  operation ;  a  bff;,  GutTin's 
operation;  eJIm.  remiiv.il  of  max- 
ilki  Imlow  urliilal  fiiramiTi. 
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soft  palate  is  separated  from  the  hard  with  the  knife  or  the  thenno- 
caulei^',  the  raucous  membrane  and  ]x;riostfum  of  the  palate  arc  cut 
to  the  bone,  an  incisor  tooth  is  drawn,  and  the  whole  bony  medium 
connection  is  severed  witli  the*  chisel  or  saw  close  to  the  nasal  upturn. 
The  rtap.  consisting  of  thL-  soft  |)arts  of  the  face,  is  then  dragged  back 
till  the  soft  [Kirts  can  be  cut  back  of  the  jaw  as  far  as  the  pterj'goid 
plate.  The  jaw  can  now  be  seized  and  wrenched  down  and  outward, 
tearing  it  loose  from  its  ptci-ypoid  altachment.  The  bleeding  is 
checked  as  far  as  possible,  the  cavit>'  packed,  and  the  incision  closed 
by  sutures. 

Subperiosteal  Excision  ol  Oilier. — The  incision  is  made  from  a 
point  on  the  lip  just  away  from  the  corner  of  the  nunith  and  carried 
up  to  the  middle  of  the  malar  bone;  «)r  the  0|K;ration  may  be  per- 
formed through  the  usual  median  incision.     The  mucous  membrane  of 


Fig.  laS. — it,  Meilinn  inctaion  fur  exci«inn 
or  the  upper  Jsiw;  t,  eilcmal  inciuan  for  tbe 
ume  opentioB. 


Fig.  139,-11.  IIlcl^ion  far  Ollirr'*  »ub- 
pmcKtml  excJMon  of  the  upiicr  )aw ;  i.  Incis- 
ion for  Gucnn*5  operation. 


the  mouth  is  then  cut  from  a  point  opposite  the  lateral  incision,  and 
carried  close  to  the  gum  around  back  of  the  last  tooth ;  then  for- 
ward again,  close  to  the  gum  on  the  inner  side,  opposite  the  point 
of  Ix-ginning.  I'Vom  the  beginning  of  this  incision  the  periosteum  is 
cut  obliquely  to  a  point  just  opposite  the  nostril.  Beginning  with  this 
cut,  the  periosteum  is  stnp|x:cl  up  till  it  has  been  raised  from  the  wliolc 
fninl  surface  of  the  hone  and  from  the  whole  orbital  floor.  The  peri- 
osteum of  the  roof  nf  the  month  is  then  freed,  beginning  with  the 
incision  described,  and  working  to  the  median  line. 

The  nasal  and  malar  processes  are  then  cut  through,  as  in  the 
usual  procedure;  but  instead  of  cutting  in  the  median  line,  this  opera- 
tion leaves  /;/  silu  a  wedge  of  bone  bearing  the  incisor  teeth,  the  bone- 
cuts  running  from  the  socket  of  the  extracted  canine  tooth  obliquely 
upward  to  the  nostril  and  obliquely  backward  to  the  median  line, 
thence  directly  backward  to  the  soft  palate. 

After  removal  of  the  bone,  the  periosteal  flaps  from  the  roof  of  the 
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mouth  and  from  the  front  of  the  bone  are  sutured  together  and  the 
external  wound  sutured. 

Excision  of  the  Upper  Portion  of  the  Superior  Maxilla. — ^This 

operation  aims  at  leaving  the  whole  alveolar  process  in  situ,  while 
removing  the  diseased  upper  portion  of  the  jaw.  The  same  incision 
is  used  as  for  total  resection,  and  the  soft  parts  are  dissected  up 
and  reflected  in  the  same  way.  The  periosteum  of  the  orbital  floor 
is  stripped  up  in  its  whole  extent,  and  the  nasal  and  malar  processes 
divided  and  the  orbital  plate  cut  in  the  typical  way.  The  isolation  of 
the  piece  to  be  removed  is  then  accomplished  by  a  horizontal  saw-cut 
from  the  nostril  outward,  passing  above  the  teeth.  This  portion  of  the 
jaw  is  then  pried  or  wrenched  out  of  its  bed  and  removed,  leaving  the 
alveolar  process  intact. 

Excision  of  the  Lower  Portion  of  the  Superior  Maxilla  {Guerin). 
— The  incision  for  this  operation  runs  from  the  ala  of  the  nose  to  the 
corners  of  the  mouth,  following  the  nasolabial  fold.  The  flap  so  out- 
lined is  dissected  up,  the  mucous  membrane  being  incised  along  the 
saw ;  the  alveolar  process  is  laid  bare,  and  an  opening  made  into  the 
nostril  from  in  front.  A  fine  saw  is  then  introduced  into  the  nasal 
cavity,  and  the  bone  divided  horizontally  outward  above  the  roots  of 
the  teeth,  from  the  nostril  to  the  lower  edge  of  the  malar  bone,  or 
through  the  malar  process.  The  soft  palate  is  next  detached  from  the 
hard  by  a  transverse  incision,  one  of  the  incisor  teeth  extracted,  and 
the  median  connection  severed  with  chisel  or  saw.  The  portion  included 
between  these  cuts  is  then  wrenched  down  and  out  (Fig.  129). 

Resection  of  the  Posterior  Part  of  the  Hard  Paiate  for  Removal 
of  Nasopharyngeal  Polyps. — This  operation  gives  a  limited  access  to 
the  nasopharynx  by  temporarily  clearing  away  the  roof  of  the  mouth. 
For  its  performance  the  mouth  is  widely  opened  with  a  gag,  and  an 
incision  made  which  splits  the  soft  palate  centrally  for  its  full  depth 
(see  Fig.  130),  and  extends  forward  for  about  half  the  depth  of  the 
hard  palate.  From  the  anterior  end  of  the  incision  transverse  cuts  are 
carried  outward,  outlining  a  flap  on  cither  side,  which  is  then  dissected 
up  subpcriosteally.  The  square  of  hard  palate  thus  denuded  is  then 
chiselled  out  or  removed  with  the  saw  or  forceps.  After  the  polvp  is 
removed  the  soft  parts  are  replaced,  and  the  median  incision  closed  as 
for  a  staphylorrhaphy. 

Osteoplastic  Resection  of  the  Anterior  Portion  of  the  Palate  for 
the  Removal  of  Nasopharyngeal  Polyps. — The  attachment  of  the 
upper  li|)  to  the  bone  from  one  bicuspid  tooth  to  the  other  is  divided, 
thus  allowing  the  na.sal  cavities  to  be  open  from  the  front.  The  canine 
teeth  are  then  removed,  and  an  incision  is  made,  extending  from  each 
canine  fossa  to  the  posterior  border  of  the  palate,  through  the  mucous 
membrane  and  periosteum  of  the  hard  palate.  The  alveolus  and  hard 
palate  are  then  divided  by  a  chisel  along  these  lines.  The  nasal  mucous 
membrane  is  tiividcd,  and  this  mass  is  turned  back  on  the  velum  as  on 
a  liingc,  admission  thus  being  gained  to  the  upper  pharynx.  After  the 
removal  of  the  tumor  the  resected  i)ortion  is  sutured  in  place  (Fig. 
130). 

Resection  of  the  Upper  Portion  to  Facilitate  Removal  of  Naso- 
pharynseal  Polyps,  leaving  the  Hard  Palate  and  Alveolar  Process 
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(von  Langntbeci^. — In  von  I^ngtrnbcck's  operation  two  tncisions  arc 
made,  making  two  sides  of  a  triangle  on  the  ^Ace,  with  the  base  toward 
the  nose.  (.)ne  incision  starts  from  the  ala  of  the  nose,  and,  curving 
shghtly  downward,  ends  on  tJie  zygonta;  the  other,  starting  from  the 
side  of  the  nose,  follows  the  floor  of  the  orbit  and  nose  to  the  first 
incision  at  about  tlic  middle  of  the  tnalar  bunc. 

The  soft  parts  and  jic-riosleum  are  <listurbed  as  little  as  possible, 
except  along  the  floor  of  (he  orbit,  where  the  periosteum  is  lifted  from 
the  bone  as  far  back  xs  the  sphenomaxillary  fissure.  The  origiji  of  the 
masseter  is  then  cut  where  it  appears  in  the  incision.  A  director  is 
now  passed  to  the  outer  wall  of 
the  nasal  cavity,  passing  under  the 
zygoma  and  tlirougli  llie  pter)'go- 
maxillary  fissure.  A  finger  in  the 
mouth  can  detect  the  end  of  the 
director.  The  director  is  with- 
drawn, and  a  fine  saw,  edge  up,  is 
passed  along  this  line.  Tlie  malar 
portion  of  the  zj'goma  is  cut  across. 
Passing  through  the  sphenomaxil- 
lary fissure,  the  floor  of  the  orbit 
is  divided,  the  incision  ending  just 
short  of  the  lacrimal  bone.  The 
saw  is  then  removed  and  hitroduccd 
through  the  pterygo maxillary  fis- 
sure, edge  downward.  The  walls 
of  the  antrum  are  divided,  following 
quite  closely  the  cutaneous  incis- 
ion, and  the  lower  part  of  the  ante- 
rior narcs  is  entered.  An  elevator 
is  now  introduced  into  the  pterj-go- 

maxiUary  fissure,  and  the  separated  portinn  nf  the  maxilla,  with  the 
covering  of  skin  and  periosteum,  is  pried  toward  the  middle  line,  up- 
ward and  inward.  This  fragment  recei\'es  the  blood-siip])ly  through 
the  soft  parts  at  the  base  of  the  triangle  on  the  side  of  the  nose.  As 
the  bones  of  the  nose  are  not  much  disturbed  by  the  operation,  at  its 
close  the  resected  portion  can  usually  be  held  In  position  by  cutaneous 
sutures  and  pressure.  No  drainage-tube  is  required.  The  disadvan- 
tages of  the  operation  are  its  dif¥icult>',  resulting  paralysis  from  division 
of  the  branches  of  the  facial  nerve,  and  occasionally  injun'  to  the  lac- 
rimal duct. 

Excision  of  the  Inferior  Maxilla. — The  whole  or  any  portion 
of  the  lower  jaw  may  be  removed.  The  incision  will  depend  on  the 
extent  and  situation  of  the  part  to  be  excised.  It  ma)  lie  entirely 
within  the  mouth,  or  externally  along  the  lower  border,  and.  if  neces- 
sary', along  the  ramus  of  the  jaw.  The  following  anatomical  relations 
are  of  importance:  The  intemal  maxillary  artery- runs  for^vard  beneatli 
the  ramus  of  the  jaw  and  along  the  lower  border  of  the  external 
pterygoid  muscle,  and  then  obliquely  upward  and  forward.  The  lin- 
gual ncr\'e  runs  between  the  internal  pterygoid  muscle  and  the  ramus 
of  the  jaw.     Stenson's  duct  runs  about  a  finger's  breadth  below  the 
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zyjjnnia,  with  the  faciiil  nerve.     The  facial  artery  crosses  t)ic  lo^ 
border   of  the  jaw,  at  the  anterior  margin   of   the   nias->clcr   niu* 
Division  ii^  the  attachnients  of  the  jjeniohyoglossus  muscles  to 
bone  dc{>rives  the  tongue  of  its  .support   anil   perniiLs  it   to   fall 
upon    tlie   glottis.     Therefore  it    may  be  necessary   to   pass  a  sutune  ■ 
ihrouj^h  the  tongue.     At  the  close  of  any  form  of  resection  the  buLcil| 
mucous  membrane  and  dee{Jer  tissues   should  be  sutured,  and  arijrj 
rirainatje  that  is  necessary  done  from  outside. 

Resection  of  the  Anterior  Portion  of  the  Body. — This  may  \<i 
accDinplisiied  by  any  one  of  the  following  incisions:  A  vertical  one  tQ 
the  median  line  of  tlie  lip.  a  curving  incision  under  the  lower  bonkf 
of  the  chin,  or  an  incision  inside  the  mouth.  \\'hatever  the  indsioa, 
the  bone  is  cleared  of  muscular  attachments,  two  teeth  drawn  at  the 
Hniits  of  the  portion  which  it  is  proposed  to  excise,  the  bone  sawed 
through,  and  the  ends  drauti  together  and  fastened. 

Resection  of  the  Lateral  Portion  of  the  Body. — The  incision  starts  _ 
from  the  angh:  of  the  jaw,  and.  follrnving  the  facial  border,  extends  to  H 
the  symphysis,  where  It  turns   upward  to  the  base  of  the   lower  Up. 
The  lip  need  not  be  divided  entirely.    The  periosteum  may  or  may  not 
be  lifted,  as  is  desired.     The  bone  is  cleared  not  quite  to  the  median  fl 
line,  so  as  not  to  disturb  the  altachments  of  the  geniohyoglossus  mus-  " 

cle.  anil  sawed  through  at  this  point,  after  a 
tdoth  has  been  drawn,  if  it  is  nectrssan*. 
rhc  soft  parts  are  scrajx'd  away  from  the 
bone  as  they  arc  brought  into  view,  and  ^ 
l)u[]cd  downward  and  outward.  A  tooth  b  V 
drawn,  marking  the  posterior  limit  of  the 
]iarl  to  be  removed,  and  the  bone  is  sawed 
through.  The  nincous  membrane  should 
lie  accurately  adjusted,  that  healing  may 
occur  as  soon  as  possible.  As  soon  after 
the  operation  as  possible  an  ap(>aratus 
should  be  woni  to  hold  the  remaining  half 
(if  the  lower  jaw  in  proijcr  relation  to  the 
upper.  _ 

Resection  of  the  Ramus  and  Hall  of  ■ 
the  Body  (Fig.  i  v,  (5).— The  incision,  be- 
ginrung  just  in  front  of  the  ear.  below  the 
inferior  tdge  of  the  zygoma,  is  continued  to 
the  angle  of  the  jaw.  and  along  the  inferior 
border  of  the  ramus  to  \  inch  below  the 
symphysis,  where  it  meets  a  vertical  incision  coming  down  from  the 
middle  of  the  lower  lip.  The  flap  thus  marked  uut  is  dissected  back. 
and  the  facial  artery  tied.  According  to  the  nature  of  the  case,  tlie 
periosteum  may  be  removed  with  the  bone,  or  the  resection  may  be 
subperiosteal.  If  the  periosteum  is  to  be  removed  with  the  bone,  the 
operation  is  continued  by  drawing  a  tooth  and  dividing  the  bone  by  a 
saw.  Then,  pulling  the  jaw  forward  an<l  downward,  the  inner  8ur4cc 
of  the  bone  is  cleaned  of  soft  parts,  sejwraling  the  mucous  membrane 
and  the  pter>*goid  muscle.  The  inferior  dental  nerve  is  divided,  and 
the  insertion  of  the  temporal  muscle  to  the  coroncMd  process  is  cut 
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across.  Tlien,  after  separating  the  soft  pails  fiom  the  external  surface 
of  the  bone,  including  the  external  pterygoid,  the  condyle  is  twisted 
out  of  the  joint  antl  the  bone  is  free. 

Resection  for  Ankylosis  of  the  Jaw. — Ankylosis  of  the  jaw 
may  be  due  to  contractiLin  f<»lloning  severe  and  destructive  forms  of 
inflammation  where  the  trouble  is  not  limited  to  the  articular  surface, 
of  which  cancrum  oris  may  serve  as  a  type,  or  to  bony  or  fibrous 
union  of  the  condyle  and  temporal  bone.  The  first  form  of  ankjlosis 
is  dealt  with  by  removing  a  wedge-shaped  piece  of  bone  from  the  hor- 
izontal ramus,  anterior  to  the  adhesions,  usually  in  front  of  the  massc- 
ter.  to  form  a  false  joint  at  this  point.  When  there  is  bony  union  of 
the  joint-surfaces  excision  of  the  condyle  is  indicated.  The  incision 
is  made  over  the  joint,  just  anterior  to  the  temporal  artcr>',  beginning 
at  the  lower  border  of  the  zygoma.  The  sjiace  is  enlarged  by  a  hori- 
zontal cut  from  the  upper  end,  following  the  lower  edge  of  the  zygoma. 
This  flap  is  reflected  forward,  with  care  not  to  injure  the  facial  nerve. 
The  muscular  fibers  arising  from  the  zj'goma  passing  over  the  joint 
are  scjiarated  and  the  capsule  is  opened.  The  neck  of  the  condyle  is 
freed  and  divided  with  a  chisel,  and  then,  grasped  by  forceps,  is  twisted 
and  cut  free  from  the  bone.  During  the  operation  all  instruments 
should  be  kept  close  to  the  bone,  to  avoid  injuring  important  struct- 
ures. Some  teini>orary  facial  paralysis  may  follow  the  oiwration.  It 
is  important  that  passive  motion  should  be  begun  in  a  few  days  after 
cither  operation,  and  should  be  regularly  practised.  Screw-gags  and 
graduated  pieces  of  cork  may  be  of  use  in  helping  the  patient  to  open 
his  mouth.  If  the  motions  cause  much  pain,  it  would  be  well  to 
administer  gas  or  some  anesthetic  to  the  [latient  for  the  first  few  times. 
Unle!U  the  after-treatment  is  conscientiously  carried  out,  relapses  are 
likely  to  occur. 

Resection  of  the  Sternum. — Fragments  of  the  sternum  have 
been  frequently  removed  for  shot  injuries,  with  ver\'  slight  mortality. 
Jf  the  periosteum  can  be  left,  new  ijone  quickly  forms.  The  incision 
is  vertical  or  crucial,  depeniling  on  the  amount  of  bone  to  be  removed. 
At  times  it  may  be  advantageous  to  use  a  trephine  before  taking  a 
gouge  or  chisel.  The  structures  lying  close  to  the  posterior  surface 
of  the  sternum  must  be  carefully  avoided.  The  costal  cartilages  may 
be  di\-ided  with  a  strung  -icalpel.  and  the  sternum  itself  with  a  saw. 

Resection  of  the  Ribs. — The  incision  follows  the  curxe  t>f  the 
middle  of  the  rib  to  be  resected.  Its  extent  corresponds  to  the  amount 
of  rib  to  be  removed.  The  incision  is  carried  down  to  the  bone,  and 
the  periosteum  is  separated  from  the  rib  from  behind,  as  well  as  from 
the  front,  by  a  blunt  dissector ;  or,  if  this  is  impossible,  the  rib  is  scraped 
free  from  soft  parts.  The  intercostal  artery,  which  lies  in  the  groove 
in  the  inferior  border  of  the  rib.  must  be  avoided,  and  the  desired 
amount  of  bone  cut  away  with  bone-forceps,  care  being  taken  not  to 
injure  the  costal  pleura.  If  portions  of  several  ribs  are  to  be  excised, 
the  original  incision  can  be  enlarged  by  vertical  cuts  at  cither  end. 

For  long-standing  cases  of  cmpj-cma  in  which  there  is  a  lai^e  cavit>' 
between  a  retracted  lung  and  a  rigid  chest-wall.  E.stlander  devised  a 
thifraco plastic  method  of  filling  up  thi.s  cavity.  To  obliterate  this  space, 
the  chest-wall  is  made  to  sink  in  by  simply  dividing  some  of  the  ribs  or 
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by  removing  portions  of  them.  Each  case  has  to  be  considered  some- 
what by  itself,  and  the  incision  is  made  in  such  a  way  as  to  allow  the 
greatest  amount  of  sinking  in  of  the  chest-wall.  Ordinarily  the  inci- 
sions form  two  sides  of  a  very  acute  triangle,  the  base  being  up,  and  are 
wide  enough  apart  to  permit  removal  of  sufficient  portions  of  the  ribs; 
or  a  horizontal  incision  along  a  rib,  with  a  vertical  one  rising  from  its 
middle,  will  open  up  the  same  area.  The  lower  rib  is  usually  first 
removed  subperiosteal ly,  and  the  side  examined  to  determine  the 
amount  of  the  other  ribs  necessary  to  take  out.  The  process  is  the 
same  for  each  rib.  Any  bleeding  from  the  interco.stal  arteries  can  easily 
be  controlled.  In  Schede's  operation  portions  of  the  thickened  costal 
pleura  are  also  removed  to  permit  more  complete  sinking  in  of  the 
chest-wall.  These  operations  nowadays  are  scarcely  justifiable,  as  the 
contraction  of  the  side  produces  extremely  severe  forms  of  lateral 
curvature. 

Bxcision  and  Resection  of  the  Clavicle. — The  clavicle  lies  so 
near  to  the  important  structures  in  the  neck  that  operations  on  it  have 
been  attended  with  some  risk.  When  the  normal  relation  of  the  parts 
has  been  destroyed,  as  by  morbid  growths,  the  excision  of  this  bone 
may  prove  a  very  serious  operation.  When  the  periosteum,  however, 
has  been  loosened  by  an  osteitis,  it  is  quite  simple.  The  subperiosteal 
method  gives  the  best  results.  The  .scapular  extremity  is  broad  and 
flat,  and  is  exposed  by  a  curved  incision  with  its  convexity  forward  and 
a  little  outward.  The  bone  is  well  exposed  by  turning  back  this  flap. 
If  the  periosteum  cannot  be  separated,  the  muscular  attachments  of 
the  deltoid,  pectoralis,  trapezius,  and  stemomastoid  are  divided,  the 
joint  opened,  and  the  end  of  the  clavicle  removed.  The  sternal  extrem- 
ity is  removed  by  an  incision  over  the  sternal  end,  curving  downward, 
the  flap  is  raised,  and  a  saw  slipped  under  the  bone  where  it  is  to  be 
divided.  After  it  has  been  cut,  the  muscular  attachments  are  to  be 
divided  and  the  bone  disarticulated.  The  incision  for  removal  of  the 
clavicle  as  a  whole  runs  along  the  lower  border  of  the  bone,  and.  if 
necessary,  may  be  enlarged  by  a  vertical  incision  at  its  ends.  The  bone 
is  freed  all  around  as  much  as  possible,  and  the  acromial  end  raised; 
then,  .separating  the  periosteum  on  the  anterior,  inferior,  and  posterior 
surfaces,  or  the  muscles,  as  the  case  may  be,  and  dividing  the  ligament*;, 
posterior,  inferior,  and  superior,  the  clavicle  is  lifted  up  until  the  sternal 
end  is  disarticulated.  The  risk  of  wounding  the  vessels  of  the  neck, 
the  pleura,  or  the  thoracic  duct  is  reduced  to  a  minimum  by  keeping 
close  to  the  bone  and  always  cutting  against  it,  and  by  raising  the 
acromial  end,  as  in  the  method  described,  thus  giving  more  space  when 
the  important  structures  are  approached. 

Excision  and  Resection  of  the  Scapula. — Where  removal  of 
but  a  i)ortion  of  the  scapula  is  required,  no  definite  rules  can  be  laid 
down  for  the  excision.  The  operator  must  be  guided  in  making  his 
cuts  by  the  amount  to  be  taken  away.  Usually  the  operation  for  the 
removal  of  the  whole  of  the  scapula  follows  the  method  devised  by 
Oilier.  The  scapula  is  well  expo.sed  by  placing  the  patient  on  his 
sound  side,  close  to  the  edge  of  the  table.  An  inci.sion  is  made  along 
the  whole  length  of  the  spine  of  the  scapula.  Two  other  incisions  begin 
from  its  posterior  end,  one  following  the  posterior  border  to  the  inferior 
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anRJc.  the  other  upward  and  forward  for  a  short  distance.  The  flaps 
arc  turned  back,  and  the  niusctiJar  attachments  of  the  trapezius  and 
deltoid  are  divided.  The  vertebral  border  is  then  niatle  prominent  by 
drawing  the  patient's  hand  over  the  shoulder  <>n  the  sound  side.  Tlic 
periosteum  is  divided  Ijelwten  the  rhomboideus  and  the  infraspinatu.s, 
and  the  infraspinous  fos.sa  carefully  cleaned,  The  teres  major  and  ser- 
ratus  inaRHUs  arc  then  detached,  freeing  the  inferior  angle,  which  is 
then  lifted  up,  and  the  subscapulans  muscle  is  dissected  ofTfrom  below 
upward.  The  supraspinous  fossa  is  then  cleared,  injury  to  the  supra- 
scapular nerve  being  avoided  by  lifting  it  with  the  periosteum.  The 
remaining  p;irt  of  the  bone  is  cleared,  working  forward  to  the  neck  of 
the  scapula,  which  i.*  divided  with  a  chain-saw  or  forceps.  The  attach- 
ments of  the  acromion  to  the  clavicle,  including  llie  conoid  and  trape- 
zoid ligaments,  are  then  cut  and  the  joint  opened.  The  muscles 
attached  to  the  coracoid  process  are  divided  and  the  process  twisted 
(Vee.  The  great  risk  through  the  operation  is  from  hemorrhage,  espe- 
cially as  the  excision  is  usually  undertaken  for  removal  of  a  sarcoma, 
under  which  conditions  the  vessels  are  numerous  and  of  large  size.  It 
i.s  advisable  to  have  comprcs.sion  over  the  subclavian  artery ;  and  in 
some  cases  it  may  be  necessary  to  make  a  .small  incision  over  the  vessel, 
in  order  better  to  control  the  bleeding.  The  main  vessels  may  be 
exposed  and  ligatured  before  cutting. 

Bxcision  and  Resection  of  the  Humerus. — The  humerus  may 
be  remuved  in  ]);trt  or  as  a  whole.  If  tlie  upper  part  is  to  be  excised, 
the  relation  of  the  muscuKtspiral  nerve  must  be  remembered.  It  |>as.ses 
around  posterior  to  the  humerus  from  its  inner  side,  lies  close  to  the 
bone  in  the  muscuto.spiral  groove,  and  passes  down  to  the  outside  of 
the  ami  between  the  brachialis  anticus  and  supinator  longus.  If.  for 
any  reason,  the  incision  must  be  on  the  outer  side  of  the  arm,  it  is  well 
first  to  find  the  nerve  and  retract  Jt  to  the  outside  before  going  on  with 
the  incision.  The  incision  for  excision  of  the  head  of  the  humerus  is 
usually  that  »if  Oilier — a  .straight  cut  over  the  surface  of  the  joint, 
beginning  at  the  acromioclavicular  junction  and  passing  over  the  ante- 
rior convexity  of  the  joint  for  a  distance  of  3  or  4  inches.  The  peri- 
osteum Ls  saved  as  much  as  jjossible.  the  joint  ojxrned.  and  the  muscu- 
lar attachments  at  the  lulxTosiiies  divided  as  ihuy  are  Virought  into  view 
by  rotating  the  anii.  It  is  advisjible  at  times  to  leave  as  much  of  the 
tuberosities  as  possible,  as  ihe  formation  of  new  bone  is  then  better. 
The  head  of  the  bone  is  forced  out  of  the  incision  and  the  bone  .sawed 
acro.«.     The  best  result  comes  from  dividing  it  at  the  anatomical  neck. 

The  Lower  Portion. —  The  structures  most  likely  to  be  injured,  and 
therefore  to  be  avoided,  at  ttie  lower  end  are  the  brachial  artery  and 
ulnar  nerve.  The  incisinn  is  made  between  the  triceps  and  supinator 
longus.  av«iiding  the  musculnspiral  nerve,  and  ihe  steps  of  the  operation 
are  then  sinular  to  those  in  excision  of  the  elbow.  Tlie  whole  humerus 
may  be  resected,  care  being  taken  to  leave  the  periosteum,  as  on  it 
depend  the  formation  of  new  hone  and  the  usefulness  of  the  arm, 

Bzcisiou  and  Resection  of  the  Ulna. — As  the  ulna  is  compara- 
tively superficial  in  its  whole  extent,  it  is  easily  removed.  The  incision 
follows  its  posterior  Ixirder,  and  at  the  upper  end  runs  obliquely 
upward  and  outward  1>etween  the  triceps  and  anconeous  muscles.    The 
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subperiosteal  method  is  to  be  pursued  if  possible.  When  the 
bone  is  to  be  excised,  the  upper  end  and  the  olecranon  arc  fir 
scctcd  free,  and  the  bone  is  then  divided  at  its  middle  point.  This  per- 
mits rcninv.il  of  the  proximal  half  The  distal  portion  is  then  remo\Td 
The  dorsal  branch  of  the  ulnar  nerve  winds  backward  beneath  the 
flexor  carpi  ulnaris  about  2  or  3  inches  above  the  wrist,  and  should  be 
saved  when  possible. 

Excision  and  Resection  of  the  Radius. — The  incision  lies  oo 
the  externa!  surface  of  the  radius,  ]xirailci  to  its  long  axis.  It  cxfcmh 
from  the  styloid  process  to  the  radiohumeral  articulation.  The  in 
space  between  the  supinator  longus  and  the  extensor  carpi  radialift' 
longior  muscles  is  found.  I-'ollowing  through  this  intermuscular  space 
the  radial  nerve  is  found,  which  runs  beneath  the  supinator  longus  10 
about  I  inches  above  the  wrist,  where  it  turns  backward  and  becomes 
subcutaneous.  The  supinator  brcvis  is  divided  and  the  periosteum 
separated.  The  bone  is  then  sawed  through  in  the  middle  and  each 
piece  removed  .separately.  In  young  persons  the  restoration  of  parts 
after  subperiosteal  resection  of  the  ulna  or  radjus  especially  has  been 
good.  On  the  other  hand,  when  the  periosteum  has  not  been  saved  or 
the  epiphyses  destroyed,  the  deformities  have  been  great.  I'or  excision 
of  only  a  portion  of  the  nidius  an  incision  along  the  same  line  is  used 

Bxcision  of  the  Metacarpal  Bones  and  Phalangfes. — To 

reach  a  inelacarpal  bone  a  longitudinal  incision  on  the  ddr^tuni  is  used 
At  the  first  cut  the  skin  alone  is  divided,  as  the  exten.sor  teTidons  lie 
on  the  dorsal  aspect  of  the  metacarpals.  These  tendons  arc  puUcd 
aside,  the  jjeriosteum  freed,  and  a  curved  director  slipped  under  the 
bone,  lifting  it  up.  The  bone  is  then  divided  with  cutting -forceps.  The 
end  is  seized  with  bone-forceps  and  twisted  free.  If  the  whole  bone  is 
to  be  removed,  the  remaining  half  is  dealt  w\\\\  in  the  same  way.  Ex- 
cision of  the  nietacarpopliaUngeal  joint  <»f  a  finger  is  apt  to  leave  a 
flail-like  finger.  However,  excision  of  the  metacarpophalangeal  joint 
of  the  thimih  lias  given  excellent  results. 

When  a  piialaiix  is  to  be  resected,  the  incision  lies  on  the  side  of  the 
finger  nearer  the  dorsal  than  the  palmar  surface,  to  avoid  the  vessels 
and  ncr\'es.  To  remove  a  terminal  phalanx  a  U-shaped  incision  u 
made,  the  arms  of  the  U  being  on  the  sides  of  tlic  phalanx,  and  the 
rurvc  on    the  dorsum  clnsc  t<i   the  nail. 

Resection  of  the  Bones  of  the  Pelvis.— It  is  seldom  that  the 

attempt  is  made  to  excise  much  of  the  pelvis,  The  oi>eration  is  under- 
taken usually  to  remove  small  areas  of  bone.  However,  C.  Nelaton 
reports  a  case  in  which  he  removed  the  wliole  ilium,  and  the  patient 
preserved  the  power  of  walking.  If  the  ischium  with  its  descending 
ramus  and  tlie  pubis  arc  involved,  an  incision  is  made,  starting  from 
the  genitocrural  fold,  along  the  rami  of  ihe  ischiimi  and  pubis  to  the 
body  of  the  pubis.  The  perio.-iteum  i.s  lifted  from  the  parts  to  be 
removed  and  the  diseased  bone  cut  out.  If  much  of  the  ilium  is  in- 
volved, the  incision  follows  tlie  crest  of  the  ilium  from  the  posterior 
superior  spine  to  the  anterior  superior  spine,  and  then  turns  sharply 
downward  and  backward  to  the  region  of  the  trochanter.  The  peri- 
osteum, reached  along  the  crcsl  nf  the  ilium  between  the  sets  of  mus- 
cles, is  raised  from  the  inner  surface,  extending  douTi  into  the  ili 
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fos-sa,  as  well  as  from  the  outer.  As  much  of  the  diseased  bone  as  is 
desired  is  removed  by  the  chisel  or  gouge.  This  operation  in  the 
hands  of  Kocher  and  Roux  has  given  good  results. 

Excision  of  the  Coccyx. — The  coccyx  may  rc<)uirc  removal  in 
whole  or  in  part  for  necrosis,  fracture,  or  the  painful  affection  coccygo- 
dynia.  and  as  the  preliminary  step  in  Kraskc's  operation  for  excision 
of  the  rectum.  After  determining  the  limits  of  the  bone  by  the  finger 
in  the  rectum,  a  longitudinal  incision  Is  made  over  the  middle  of  tlic 
coccyx,  extending  from  a  little  above  il.s  upper  limits  to  a  little  below 
its  tip.  If  neccssar>',  a  transverse  cut  may  be  made.  The  bone  is 
freed  from  soft  parts  and  the  articulation  with  the  sacrum  opened,  the 
sacrococcygeal  ligaments  divided,  and  the  bone  cut  free,  clearmg  the 
anterior  aspect  as  it   is  niisc-d. 

Resection  of  the  Shaft  of  the  Femur.— ICxcisions  of  portions 
of  the  shaft  of  the  femur  are  very  rare,  except  for  the  removal  of  large 
sequestra.  The  bone  is  reached  by  a  long  incision  on  the  outer  side 
of  the  leg.  The  space  between  the  vastus  externus  and  the  short  head 
of  the  biceps  is  found  and  followed  down  to  the  bone,  which  is  then 
entirely  freed  from  the  soft  part.s  on  all  sides  if  pcKssiblc,  and  divided  by 
a  saw  at  its  middle.  Each  end  can  then  in  turn  be  lifted  out  of  ilic 
wound,  and  the  proper  amount  cut  away.  In  the  after-treatment  ex- 
tension is  necessary  for  some  lime,  to  prevent  excessive  shortening  of 
the  leg. 

Resection  of  the  Shaft  of  the  Tibia. — The  tibia  is  more  often 
excised  than  any  other  long  bone  in  the  body.  If  the  oi^ration  is 
done  subperiosteal ly  and  the  perio-steum  is  not  injured,  new  hone 
readily  fonns  and  a  u.seful  leg  is  obtained.  Tlie  incision  for  removal 
of  the  diaphysis  is  made  along  the  subcutaneous  surface  of  the  shaft, 
lying  at  the  upper  end  behind  the  tendons  of  the  gracilis,  sartoriu.s,and 
.wmitcndinosus.  The  periosteum  is  e.xcised  along  this  same  line,  and 
separated  ali  around  the  bone  if  possible.  A  chain-saw  is  then  passed 
under  the  shaft  and  the  bone  tlivided,  or  the  diseased  portion  is 
cliisclled  out.  In  the  majority  of  ca.ses  the  operation  is  done  to 
remove  sequestra  resulting  from  osteomyelitis  or  the  necro.sed  frag- 
ments following  a  conijiound  fracture.  If  the  incision  mu.st  be  on  the 
outer  aspect  of  the  leg,  it  should  be  just  a  little  cxtcnial  to  the  crest 
of  the  tibia.  The  tibialis  anticus  should  be  lifted.  TJie  periosteum  is 
not  injured.  If  the  posterior  surface  must  be  reached,  the  incision  is 
made  along  the  inner  border,  the  njijier  end  of  the  cut  lying,  as  already 
described,  iKrhind  the  tendons  of  the  gracilis,  .sartorius,  and  the  semi- 
tcndinoses,  and  the  muscles  niised  intact  with  the  periosteum.  When 
a  portion  of  the  tibia  is  removed  entirely,  s<^i  that  there  is  a  space  left 
bct^^'ccn  the  ends,  it  is  well  to  excise  a  corresponding  length  of  the 
fibula  to  bring  the  ends  in  contact 

Resection  of  the  Fibula. — Excision  of  the  fibula  yields  very 
good  functional  results.  There  is  noparlicidar  nirlluid  of  proceeding. 
A  straight  incision  is  made  over  the  portion  to  Ik;  rtmovetl,  and  is  con- 
tinued down  to  the  bone.  The  jieriosteum  is  divided  and  separated 
from  the  bone,  which  is  then  divided  by  a  saw  and  as  much  removed 
as  is  desired.  The  external  popliteal  nen'e  is  to  be  avoided.  It  follows 
the  posterior  border  of  the  tendon  of  the  biceps,  winds  about  the  neck 
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of  the  fibula,  and  divides  into  its  two  branches.    The  upper  articu 
between  the  fibula  and  tibia  at  times  communicates  with  the  knec-j 
and  therefore  opening  this  articulation  should  be  avoided.      When  iti 
neccssarj'  to  remove  the  head,  it  .should  be  chiselled  away  and  a  thin 
plate  of  bone  should  be  left  over  the  joint.     If  the  whole  6bula  is  to  be 
removed,  it  is  well  to  lake  the  bone  out  in  two  parts,  as  the  pcronol 
muscles  would  be  cut  by  a  single  incision  the  length  of  the  boBc 
Thcrcforc   a   separate   incision   is   made   for  the   lower    part   over  the 
anterior   external   aspect  of   the  bone,   and   another    over   the   upper 
portion. 

Excision  of  the  Bones  of  the  Foot,— The  tarsal  bones  art 
moved  principally  for  disease,  and  therefore  the  methods  are  largcJfl 
atypical.  Each  case  has  to  be  considered  by  itself,  and  the  ind<4oa 
made  accordingly.  Disease  of  these  bones  usually  begins  in  the 
calcaneo-astragaloid  articulation,  attacking  first  the  calcaneum,  and 
later  the  astragalus.  Simple  scraping  away  of  the  diseased  portioa 
does  rot  compare  favorably  with  removal  through  the  entire  thtctcncss 
of  the  bone. 

Calcaneum  (Fig-   132). — When   it  is   possible,  it   is    advisable  t« 
leave  the  anterior  portion  of  the  os  calcis,  as  the  reproduction  of  bone 

is  better  in  these  cases  tiun 
where  the  whole  bone  is  re- 
moved. The  subperiosteal 
method  is  to  be  preferred 
over  those  in  which  the  en- 
tire bone  is  cut  away.  Aft<* 
the  subperiosteal  method  the 
reproduction  of  bone  is  at 
times  sufficient  to  gi\'e  a 
prominent  heel,  which  is  veT>* 
serviceable  ami  t|uttc  as  firm 
as  the  sound  one.  The 
method  of  Karaboeuf  is  prtrf>- 
aUly  Ihc  best.  The  patient  U 
placed  on  the  sound  side  and 
the  leg  supported  by  a  pillow, 
which  gives  free  access  to  the 
diseased  foot.  The  incision  begins  at  the  baie  of  the  fifth  metatarsal, 
and  follows  the  external  surface  of  the  foot,  just  above  the  sole,  to  the 
heel,  which  it  circles,  and  then  passes  forward  on  the  inner  side  to  a 
point  opposite  its  ori^'in.  A  second  incision  runs  from  this  upward 
along  the  e.xternal  border  of  the  tendo  Achillis  for  about  3  inchei. 
The  two  flaps  arc  raised.  The  [jeriosteum  is  divided,  care  being  taken 
not  to  injure  the  peroneal  tendons,  which  lie  just  anterior  tn  the  wrtical 
cut.  The  periosteum  is  divided,  and  with  it  the  attached  ligaments  are 
raised,  first  nn  the  outer  and  then,  after  cutting  the  insertion  of  the 
tendo  Achillis,  on  the  posterior  surface.  The  anterior  part  is  tijcn 
freed  from  its  periosteum,  and  lastly  the  plantar  surface  is  cleared 
riie  iinterior  portion  is  then  seized  with  lion-forceps  and  cut  free  as  it  ^ 
is  dragged  out.  fl 

The  optration  for  removal  of  the  posterior  part  alone  is  more  sim- 


Fig.  13s.— Res«ciion  of  tb«  caicancura. 
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pie.  The  incision  (Fig.  132,  a\  extends  to  the  periosteum,  which  is 
separated  from  the  bone  and  the  bone  sawed  across. 

AstraKaluA. — This  bone  is  cxdscd  for  irreducible  dislocation  and 
caries  and  for  relief  of  some  forms  of  talipes,  and  is  the  first  step  in 
excision  of  the  ankle.  Two  incisions  may  be  made,  ore  interna!  and 
one  external;  or  one  cur\'ing  incision  may  run  across  the  dorsum  of 
the  foot.  The  outer  of  the  two  incisions  hes  just  parallel  to  the  pcro- 
neus  tertius,  beginning  a  little  above  the  level  of  the  articular  surface 
of  the  tibia.  A  second  cut  runs  from  the  middle  of  this  incision  back- 
ward to  just  below  the  tip  of  the  external  malleolus.  By  lifting  these 
two  flaps  the  bone  is  reached  between  the  peroneus  brevis  and  tertius. 
By  extending  and  inverting  the  foot  the  various  ligaments  arc  exposed 
and  cut.  A  slightly  cur\'ed  incision  is  then  made,  running  forward  and 
backward  from  the  tip  of  the  inner  malleolus.  This  gives  access  to  the 
ligaments  on  tiic  inner  side  of  tlic  foot,  which  arc  divided.  The  foot 
is  again  inverted  and  extended,  and  the  astragalus  grasped  by  forceps 
and  delivered  through  the  outer  wound. 

When  the  cur\'ed  incision  across  the  dorsum  of  the  foot  is  used  the 
cut  should  at  first  be  only  skin  deep.  The  various  tendons  on  the 
dorsum  of  the  foot  arc  exposed  and  drawn  aside.  The  tendon  of  the 
extensor  brevis  is  divided,  and  the  structures  about  the  neck  and  the 
outer  no n -articulating  surface  of  the  astragalus  are  cut  away.  The 
ligaments  w*ilhin  reach  are  divided.  The  bone  is  grasped  and  drawn 
out,  and  the  remaining  ligaments  arc  cut  as  they  are  reached. 

Metatarsal  Bones  and  Phalanges. — Resection  or  Kxdsion. — The 
method  I'f  removing  the  phalangrs  of  the  toes  corresponds  with  that 
of  remo\ing  the  phalanges  of  the  fingers.  lateral  incisions  are  usually 
employed.  The  value  of  the  great  tot-  in  walking  should  be  remem- 
bered, and  when  a  diseased  bone  is  removed  from  it  the  periosteum 
should  be  left  as  far  as  possible,  to  provide  for  re-formation  of  bone. 
The  incision  for  removing  a  niclatarsal  lies  along  the  dorsum.  The 
tendon  is  retracted  to  one  side  and  tlur  periosteum  divi<leil.  The  pro- 
cedure is  similar  to  that  fur  removing  the  metacarpals.  For  the  first 
and  fifth  metatarsals  the  incision  is  on  the  lateral  aspect,  curving  down- 
ward. 

PLASTIC  SURGERY. 

Plastic  surgery  is  concerned  with  the  repair  of  ilefects  or  losses  of 
tissue,  which  may  be  congenital,  or  have  resulted  from  disease  or  injury 
or  from  the  surgeon's  knife  in  the  removal  of  tumors,  etc.  By  far  the 
greater  number  of  plastic  opcralion.s  are  concerned  with  the  replace- 
ment of  skin-dcfccts,  and  these  onI>'  will  be  discussed  in  this  chapter. 

Methods  Employed  in  Plastic  Surgery. — Four  methods,  of 
which  the  first  three  include  the  great  majority  o^  plastic  oper- 
ations, may  be  employed  for  t  he  repair  of  defects.  These  are : 
I  The  method  of  directly  ap[iroximating  the  edges  by  stretching 
the  skin  and  deeper  parts  of  the  wound  together,  and  fixing  them  by 
sutures.  2.  The  method  of  apprcxi mating  the  edj:;cs  of  the  skin  after 
freeing  it  and  the  subcutaneous  tissue  from  underlying  tissues  ("  under- 
raining"  the  edges).  This  method  also  allows  the  u.se  of  subsidiary 
inci.sions  to  promote  lateral  displacement  or  sliding.     3.  The  metho<J 
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of  flap-formation,  and  revolution  of  the  flap  into  position  by  twisting 
the  pedicle  (the  so-called  "  Indian  "  method).  4.  The  method  of  trans- 
planting a  flap  from  a  distant  part  of  the  body,  as  from  the  arm  to  the 
nose,  and,  after  allowing  it  to  unite  around  the  greater  part  of  its  mar- 
gin, severing  the  pedicle  (the  so-called  "  ItaUan  "  method). 

1.  The  first  method,  or  direct  approximation  of  the  edges, 
may  be  applied  when  the  gap  is  small,  and  is  useful  for  the  closure  of 
sinuses  or  fissured  openings.  In  such  cases,  of  course,  careful  freshen- 
ing of  the  edges  is  required.  When  the  closure  of  small  raw  surfaces 
is  the  object,  the  shape  of  the  surface  makes  distinct  differences  as  to 
the  applicability  of  the  direct  method  of  closure.  An  elongated  rhom- 
boid or  ellipse  may,  of  course,  be  more  easily  approximated  to  a  single 
suture-line  than  a  square  or  circular  surface,  which  will  require  stretch- 
ing of  the  edges  across  half  the  diameter  of  the  surface.  A  small 
triangular  surface  may  be  easily  closed  by  diminishing  all  three  angles 
to  a  point  in  the  center,  or,  if  the  triangle  have  two  long  sides  and  a 
short  base,  by  directly  approximating  the  long  sides. 

2.  The  Method  of  I^ateral  Displacement  or  Gliding. — This 
method,  which  is  to  be  applied  whenever  direct  approximation  of  edges 
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FlC.  133. — Repair  ora  triangular  defect  {abc)  by  means  of  a  bilateral  incision  (hi/ and  bd"), 

would  result  in  disastrous  tension,  adds  to  the  former  method  the 
resources  of  freeing  the  flaps  and  making  subsidiary  incisions.  To 
close  a  triansfle.  the  line  of  its  base  may  be  continued  by  an  incision. 


Fig.  134. — Repair  of  a  triangular  defect  (.lii)  by  means  of  a  curved  incision  (3rf). 

and  the  flap  formed  by  the  base  and  the  adjacent  side  freed  and 
stretched  across  the  gap;  or,  by  continuing  the  base-line  on  both  ends 
of  the  triangle,  two  flaps  may  be  freed  and  brought  together  in  the 
median  line  (Fig.  133). 
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The  continuation  of  the  base-line  may  be,  under  some  circumstances, 
curved  rather  than  straight.  The  modification  known  as  von  JaescMs 
operation  employs  the  curved  incision  for  this  purpose  (I'ig.  134). 

DUffcnbarh  closed  a  triangular  defect  by  displacing  a  quaHrilateral 
flap  toward  one  side  of  the  triangle,  or  by  the  displacement  of  two 
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Pic  135.— Diefllcnhafh'i  m«ihnd :  A.  n.  (rlAnKuior  defeci  ii  covered  by  a  Uierally  displaced 
&ap(^is4if);  rh<  innnBlc  Ji<^^  hml*  by  Brarulation.  fl.  (he  defrci  (n*/)  isio  be  repaired  bjr 
dl>pliK«ni«nt  of  ihc  hiertl  tkin,  which  i«  niohiliicd  by  ihe  incuiant  adt  unA  tuf  t". 

quadrilateral  flaps  toward  the  middle  line  (Fig.  135,  W  and  ^).  The 
triangle  left  by  displacement  of  the  flap  must  heal  by  granulation  or 
be  grafted. 

Burow  devised  several  methods  for  the  closure  of  triangular  gaps, 
one  of  the  most  ingenious  of  which  is  shown  in  Fig.  136.     To  close 
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Fio.  ij6.— Biirow'i  operailon  by  means  of  excitiOD  of  kt«ral  lriangl«s. 

the  triangle  at  di^^,  the  incisions  ad  and  1^ t/*  are  made,  and  the  flaps 
dac  and  {fbc  are  brought  together  in  the  middle  line.     Redundant 


Pic.  137. — Repair  of  ■  quadrangular  defect  (die if)  by  neons  of  liyi  inmiota  at.  tr.e/.d/, 

tissue  at  the  angles  may  be  made  by  excising  the  triangles  of  skin  a  de 
and  ^biV.  and  it  will  be  found  that  when  the  two  sides  of  the  main 
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triangle  are  sutured,  the  subsidiary  triangles  come  together  without 
tension. 

A  quadrilateral  gap  may  be  closed  by  continuation  of  the  longer 
margins  of  the  wound  on  both  sides  of  the  area  to  be  covered, 
detachment  of  the  flaps  so  formed,  and  suture  along  the  middle  line. 
A  single  lateral  flap  may  suffice  in  some  cases  (Fig.  137). 

Letenneur's  operation  for  closure  of  a  quadrilateral  gap  comprises 
the  displacement  across  the  gap  of  a  flap  formed  by  the  incisions 
shown  in  Fig,  138.     The  margin  ^/ is  sutured  to  the  margin  ad. 

Brunts  operation  (Fig.  139)  is  useful  in  cheiloplasty.  The  two  quad- 
rilateral flaps  are  swung  downward  (or  upward  in  case  of  the  lower 


Pig.  138. — Letenneur's  operation.  FlG.  139.— BniD's  operation. 

lip)  across  the  denuded  area,  and  their  free  margins  {ef  and  k  i)  sutured 
in  the  middle  line. 

A  similar  method  may  be  employed  for  the  closure  of  large  ellif^ 
tical  defecU. 

Here  two  curved  flaps,  shaped  as  shown  in  the  figure,  are  freed  and 
displaced  upward  so  as  to  close  the  raw  surface.  In  the  method 
known  as  Weber's  operation {nXso  shown  in  Fig.  140),  the  flaps  acd  ^nd 
bef  a.T^  formed,  the  point  c  carried  up  to  b,  and  the  margin  ab  sutured 


Fig.  140. — Operation  for  the  closure  of  elliptical  defects. 

to  ac.     The  flap  be/  is  used  to  close  the  gap  left  by  the  displacement 
upward  of  the  flap  acd. 

3.  The  method  of  flap-formation  by  derivation  of  a  flap  from 
neighboring  tissue  by  twisting  of  its  pedicle  is  illustrated  by  those 
methods  of  rhinopla.sty  by  which  a  flap  is  taken  from  the  cheeks  or 
forehead  {[mUan  tnetkoii). 

4.  Tlie  fourth  method,  or  derivation  of  the  flap  from  distant  parts 
and  temporary  approximation  until  the  flap  lias  healed  in  place,  may 
be  illustrated  by  the  Italian  method  of  rhinoplasty  (Fig.  141)  (see 
page  403),  in  which  the  new  nose  is  made  from  a  flap  taken  from  the 
arm. 
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Fin.  i^t. — Italian  mcihotl  eti  rhiaopluiy 
from  <hc  arm.  which  is  immovably  secured 
to  iht  head  until  union  of  the  flap  hat  lalicn 
place  (Linh.in^. 


For  tlic  lining  of  cavities  ordinarily  lined  with  mucous  membrane, 
it  may  be  necessary  to  employ  llic 
reversed  flap — j.  e.,  witli  the  skin 
inward  and  the  raw  surface  out- 
ward. The  external  skin-surface 
may  be  then  supplied  by  swinginK 
in  anotiicr  llap  to  cover  the  raw 
external  surface  of  the  former — the  ^ 
double  or  supcr])o.scd  flap.  ' 

Deformities  after  Bums.— 

Operations  for  the  relief  of  scar- 
contraction  ciflcr  burns  involving 
the  neck,  face,  and  upjier  extremity 
arc  not  infrequently  required,  and 
are  often  difBcult  of  [>erfonnancc 
and  not  over-satisfactory  in  results. 
Kspccially  tr^'ing  are  burns  which 
draw  down  the  lower  lip,  resulting 
in  inability  to  close  the  mouth  and 
in  hideous  deformity.  Cicatricial 
bands  of  great  breadth  or  strength 
may  form  after  burns  of  the  axilla, 
and  prevent  raising  the  ann  from 
the  side.  Bums  on  the  flexor  sur- 
face of  the  fingers  maj-  totalh'  dis- 
able a  hand  by  reason  of  cicatricial  contraction,  Simple  division  of 
these  cicatricial  bands,  or  even  their  excision,  leaving  the  resulting  raw 
surface  to  granulate,  is  unsatisfactor>-.  as  subsequent  rccontraction  takes 
lace,  reproducing  the  deformity.  The  best  results  have  been  attained 
y  the  swinging  in  of  ample  skin-flaps  to  cover  the  raw  surface  left  by 
excision  of  the  cicatrices.  The  areas  left  by  raising  the  flaps  may  be 
closed  by  subsidiary  plastics  or  h\'  skin-grafting. 

The  procedure  known  as  Croft's  operation  is  recommended  by 
Treves  as  being  one  of  the  most  satisfactory  methods  for  the  prevention 
of  rccontraction  of  these  scars.  It  is  performed  in  two  stages.  The 
first  stage  consists  in  raising  a  strap  of  skin  from  the  integument  in  the 
neighborhood  of  the  scar,  and  after  suturing  the  edges  of  the  skin 
under  the  strap,  which  is  left  atLiched  at  both  ends,  a  piece  of  rubber 
tissue  is  placed  beneath  the  .strap  to  prevent  its  healing  down  into 
place.  After  two  or  three  weeks,  during  which  time,  by  frequent  and 
careful  dressings,  the  strap.  esjieciaHy  at  the  ends,  has  been  prevented 
from  healing  down,  the  under  surface  will  be  covered  with  healthy 
granulations.  The  second  step  of  the  operation,  which  consists  in 
dividing  the  cicairida!  band  until  healthy  tissues  arc  exposed,  then 
.severing  the  di.>ital  end  of  the  strap,  swinging  it  over  the  raw  surface  left 
by  divn'ding  the  cicatrix,  and  suturing  it  in  place,  may  now  be  performed. 
The  shape  of  the  wound  and  of  the  transplant  must  be  fitted  as  far  as 
circumstances  allow,  and  the  edges  and  under  surface  of  the  free  end 
of  the  transplant  trimmed  and  cleaned  up  so  a.s  to  favor  primary-  union. 
The  flap,  which  has  become  narrow  and  rounded,  will  flatten  and  stretch 
as  it  hails  in  place. 
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Rhinoplasty. — The  term  rhinoplasty  is  pfoperly  applied  to  restora- 
tion of  part  or  the  whole  of  the  structures  of  the  nos<'  u  hich  have  been 


>. 


von  I^ngenbeclt's  meihud. 


Flti.  143. — neiinnvillkr's  method  of  riiino- 


destroyed  by  disease  or  injur>*.  Simple  integumcntal  defects,  such  as  arc 
left  after  o|)erations  for  epithelioma,  may  be  closed  by  granulation  or  skin- 
grafting,  and  do  not  require  jjlastic  operations  for  their  repair.  Rhinoplasty 
may  be  simple  of  [x:rformance  and  satisfactor>''  in  result,  or  difficult  and 
unsatisfactor>',  according  to  the  amount  of  structures  wluch  give  sup- 
port and  prominence  to  the  nose — ;',  t\,  the  septum  and  nasal  bones — 
which  have  been  destroyed. 

A  defect  of  the  ala  involving  the  lower  portion  or  the  whole  of  the 
ala  may  be  closed  by  lifting  a  fiap  with  a  pedicle  from  the  check  close 
to  the  nose  and  swinging  it  inward  so  as  to  close  the  gap.  This  flap 
must  l»e  long  enough  for  the  lower  end  to  be  turned  in,  giving  a  lining 
of  skin  to  the  new  ala,  and  preventing  cicatricial  contraction  (I'ig.  142.  a). 
yon  iMn^cnbcck's  method  consisted  in  taking  the  flap  of  skin  from 

the  opposite  side  of  the  nose, 
with  the  pedicle  near  the  root 
of  the  nose,  and  swinging  it 
across  so  as  to  cover  the  defect. 
The  method  of  Denom'Uiu-r 
consisted  in  employing  a  trian- 
gular flap  taken  from  the  same 
side  of  the  nose,  having  its  ped- 
icle at  the  center  of  the  lobe  of 
the  nose.  The  triangular  flap 
marked  out  by  the  indsions  as 
shown  in  I'ig.  143  is  dissected 
up  clean  from  the  bone  and 
cartilage,  and  rotated  downward 
around  iU  pedicle  till  the  gap  is 
filled.  The  defect  left  above  it 
It  has  the  advantage  of  furnish- 
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PlC,  T^. — F'lim  iii..n  1.1  one  no»lriI  from  llw  akin 
of  til  r  i.ili,  r  (iiier  Langirnbevk). 


is  closed  by  granulation  or  grafting. 


ing  a  border  that  is  already  at  least  partially  lined  with  epidermis. 
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Other  methods  have;  been  described  by  which  an  ala  is  restored  by 
taking  a  flap  from  llie  septum  and  attaching  it  to  tlie  margin  of  the  alar 
defect  with  its  mucous  surface  out.  This  operation  was  first  described 
by  Michoii.  It  would  seem  to  possess  the  two  disadvantages  of  placing 
mucous  membrane  instead  of  skin  on  the  outer  surface  of  the  nose,  and 
of  providin^i  no  epidermoid  hninjj  for  the  new  ala. 

A  defect  of  the  columna  muy  be  restored  by  takinjj  a  vertical 
flap  frcmi  the  middle  of  the  lip,  having  its  pedicle  above.  twistinE 
the  pedicle  so  as  to  bring  its  cutaneous  surface  downward,  and  sutur- 
ing the  raw  surface  to  the  carefully  cleaned  K>wer  margin  of  the  por- 
tion of  the  septum.  In  order  to  avoid  the  deformity  due  to  the  twist- 
ing of  the  pedicle,  Dcspres  took  the  flap  obliquely  from  the  upper 
lip.  so  that  it  had  to  be  twisted  only  half  so  far.  ScdiUot  devised  the 
procedure  of  taking  the  flap  the  whole  thickness  of  the  lip,  taking 
the  skin  off  the  outer  surface,  and  turning  it  directly  upward,  so  that 
the  lowiT  border  of  the  new  coluni]ia  was  covered  with  mucfjus  mem- 
brane instead  of  skin.  It  is  stated  that  in  time  the  mucous  mem- 
brane loses  its  red  color  and  assumes  thr  apjiearance  of  ordinary  .skin. 

In  loss  of  the  entire  septum  and  nasal  bones,  resulting  in  the 
most  extreme  variety  of  sunken  nose,  DiefTcnbach  and  Malgaignc 
di\'ided  the  nose  into  three  portions  by  two  vertical  incisions  carried 
from  within,  clear  out  through  the  skin  close  to  the  septum,  ami  two 
lateral  incisions  in  the  chinks  parallel  and  close  to  tlie  sides  of  the 
nose  and  surrounding  the  ala.  The  checks  were  dissected  up  through 
three  lateral  incisions,  the  upper  lip  freed  from  the  upper  jaw,  and  the 
lateral  nasal  (laps  completely  dissected  up.  The  colunnia  was  length- 
ened by  lateral  incisions,  and  the  center  and  sides  of  the  nose  passed 
into  place  and  fixed  by  harelip-pins  passetl  transversely  fruni  side  to 
side  of  the  nose.  The  margins  of  the  wourti  were  sutured  to  the 
free  margins  of  the  incisions  in  the  checks,  which  were  also  pinched 
up  toward  the  nose  and  held  there  by  long  pins  passing  through  the 
inner  portion  of  the  cheeks  and  through  the  nose. 

OUier  performed  for  this  deformity  an  nsteoplastic  operation,  taking 
a  triangular  flap  with  its  apex  i  J  centimeters  above  the  eyebrows,  and 
its  base  constituted  by  the  inner  portion  of  the  nose  and  the  cheeks,  the 
periosteum  being  raised  with  tlie  frontal  portion  of  the  flaj),  The  right 
nasal  bone  was  chiselled  off,  tlisjjlaced  tlownward,  and  used  for  a  cen- 
tral support.  The  left  nasal  bone  had  been  destroyed  by  disease.  The 
whole  flap  was  then  displaced  downward,  and  the  lower  part  laterally 
compressed  in  order  to  raise  the  bridge,  and  kept  up  by  bringing  in 
the  checks,  which  had  been  loosened  at  the  sides,  and  supporting  them 
u-ith  pins. 

Wnicuii  employed  a  method  con.sisting  of  the  superposition  of  flaps, 
in  order  to  raise  the  bridge  of  the  nose.  A  flap  was  cut  from  the 
median  line  of  the  forehead,  as  shown  in  Fig.  [45.  A  cut  along  the 
center  of  the  bridge  of  the  nose,  and  lateral  cuts  at  its  upper  and  lower 
ends,  allowed  the  reflection  of  skin-flaps  froTn  the  nose  and  cheeks. 
The  flap  from  the  forehead  was  then  turned  directly  downward,  so 
that  its  skin-surface  lined  the  nasal  fosvi,  and  the  lateral  flaps  drawn 
in  and  sutured  over  it  in  the  middle  line. 

Indian  Mdhoti. — A  model  of  a  nose  suited  to  the  case  is  made  of 
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wax,  pIa5tcr-of-?aris,  or  other  plastic  maurial,  and  a  pattern  of  paper 
or  cloth  made  of  its  surface  'I'hc  outline  of  this  pattern  is  marked  on 
the  forehead;  its  apex  being  immediately  above  the  nose,  its  base  will 
reach  (he  hair-line.  It  may  bt_-  tieccssarj'  to  shave  the  head  for  an  inch 
from  the  hair-hnc  in  order  to  obtain  skin  for  the  columnn.    T)ie  frontal 


Flo.  14s. — Khinoptiuly  for  sunken  nose  by  superpuuil  Haps  {Vcrneuil). 

flap  (Fig.  [46)  should  be  one-third  longer  and  one-third  broader  than 
the  space  which  it  is  desired  to  fill.  In  order  to  avoid  encroaching  on 
the  hairy  scalp,  the  flap  may  be  taken  obliquely  from  the  forehead. 


^d!LJ^. 


Fic  146. — Fomuilon  of  flap  at  the  root  of  the  nose,  nnd  incbion  for  Langcnbcck's  mode) 

Dpon  the  forehead. 

The  oblique  flap  will  require  less  twisting  of  its  pedicle.  Twisting  of 
the  pedicle  Is  favored  by  carrying  one  of  the  terminal  incisions  further 
downward  than  the  other.  The  edges  of  the  gap,  and  of  such  osseous 
and  cartilaginou.s  .structures  as  remain,  which  should,  of  course,  be 
scrupulously  spared,  arc  freshened,  and  the  flap  brought  down  and 
sutured  into  place,  being  supported,  if  necessar\',  by  pins  and  by  the 
insertion  of  tubes  and  plugs  in  the  nostrils.  After  the  flap  has  healed 
in  place  the  pedicle  may  be  divided  and  suitably  trimmed.  The  results 
attained  by  this  operation  will  depend  in  large  measure  on  the  amount 
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of  septal  and  alar  cartilage  available  to  support  the  flap.   Otherwise  the 
result  will  be  a  mere  shapeless  curtain  hanging  across  the  gap. 

In  managing  the  pedicle  considerable  skill  is  required  to  avoid  such 
tight  twisting  as  may  result  in  gangrene  of  the  flap. 

OUUr's  Ostt'opUutic  Method. — 'In  a  case  in  which  lupus  had  destroyed 
the  tissues  of  the  end  of  the  nose  to  the  extent  shown  in  Fig.  147, 
Oilier  made  two  incisions  from  the  middle 
of  the  forehead,  2  inches  above  the  eye- 
brows, downward  to  the  cheeks,  just  out- 
side the  borders  of  the  als.  This  flap  in- 
cluded the  periosteum  in  its  upper  position. 
and  on  arriving  at  the  nasal  bones  Oilier 
chiselled  one  of  them  from  its  attachments 
and  included  it  in  the  flap.  'I'he  flap  was 
then  brought  directly  downward  it)  front  of 
the  gap.  so  that  the  upjter  eiu!  of  the  freed 
nasal  bone  came  against  the  lower  end  of 
the  fixed  nasal  bone,  to  which  it  was  su- 
tured with  silver  wire,  thus  making  a  con- 
tinuous bony  bridge.     In  order  to  furnish  a 


septal  support.  IJie  cartilaginous  septum  was    p,^,  ,^j_k,..n^pi^,v  ;  ou.«i 
divided  troni  before   backward  and  down-  osteopinsnc  moihod. 

ward,  and  this  portion  thus  separated  was 

brought  down  witli  the  flap  tilt  it  rested  on  the  remains  of  the  lower 
part  of  the  original  .septum. 

Italian  Mtthod. — The  principle  of  this  method,  with  which  the  name 
of  Tagliacoziti  is  identified,  consists  in  supplying  material  for  the  new 
no.se  from  the  arm.  It  is  suitable  in  certain  cases  in  which  the  Indian 
method  is  inapplicable — those,  for  instance,  where  the  forehead  is  cov- 
ered with  scar-tissue,  so  that  a  flap  cannot  be  taken  from  it.  It  is  also 
possible  to  provide  tissue  more  generously — an  imjjortant  advantage 
when  the  flap  is  taken  from  the  arm  rather  than  from  the  cheeks  or  fore- 
head. Tag]iaco7,7.i  cut  his  flap  from  the  front  of  the  upper  arm,  with  the 
apex  upward  and  the  broad  pedicle  2  inches  above  the  cubit  flexure. 
The  wound  was  sutured  under  the  raised  flap,  and  the  under  surface  of 
the  flap  carefully  prevented  from  healing  down  by  dressings  of  oiled  silk 
and  ointments  to  promote  suppuration.  After  the  under  surface  of  the 
flap  had  partly  cicalriired  the  ami  was  brought  up  against  the  nose  and 
held  by  a  helmet,  corset,  and  suitable  straps  (Fig.  141).  and  the  apex 
and  sides  of  the  flap  sutured  in  place  in  the  freshened  gap.  After  the 
flap  had  healed  into  its  new  bed  the  pedicle  was  divided  and  the  col- 
umna.  al«e,  etc.  fashioned  from  its  lower  border. 

I-ater  operators  have  modified  these  procedures  by  suturing  the  flap 
in  place  immediately  or  dissecting  it  up  without  wailing  for  granula- 
tion, and  by  taking  the  flap  from  ilic  forearm  Instead  of  the  upjKrr  arm. 

The  results  from  rhinoplast)'^  In  cases  In  which  the  at.T  and  project- 
ing parts  of  the  .septum  are  destroyed  arc,  on  the  whole,  so  unsatisfac- 
tory that  the  alternative  of  wearing  an  artificial  nose,  which  can  now  be 
very  skilfully  made,  and  by  means  of  speciaclc-bows  attached  to  the 
face  .so  as  to  escape  detection  by  most  observers,  is  well  worth  carrful 
consideration. 


CHAPTER    XIII. 

MINOR  SURGERY. 

It  is  the  province  of  a  treatise  on  Minor  Surgery  to  describe  the 
common  instruments  and  materials  of  surgery  and  their  uses,  the  male- 
ing  of  incisions,  the  arrest  of  hemorrhage,  the  closure  and  dressing  of 
wounds,  the  performance  of  the  simpler  operations,  the  application  of 
splints  and  bandages,  and  many  of  those  manipulations  which  are 
employed  in  the  care  of  a  great  variety  of  surgical  cases  and  in  differ- 
ent regions  of  the  body.  In  view  of  the  fact  that  many  of  these  sub- 
jects have  been  discussed  in  other  portions  of  the  work,  it  will  be 
sufficient  for  this  chapter  to  present  a  consideration  of  the  points  not 
elsewhere  touched  upon.  It  is  well  to  remind  the  reader  that  the  term 
minor  is  by  no  means  synonymous  with  unimportant,  and  that  a  correct 
knowledge  of  minor  surgery  is  absolutely  necessary  in  the  manage- 
ment of  even  a  major  operation  and  in  the  subsequent  care  of  the 
case. 

BANDAGES. 

Bandages  are  applied  to  retain  splints  or  dressings,  to  make  com- 
pression, to  afford  support,  or  to  correct  deformity.  They  are  com- 
posed of  various  materials  and  are  of  different  shapes  and  sizes. 
Among  the  materials  used  for  the  purpose  of  making  bandages  may 
be  mentioned  gauze,  flannel,  calico,  silk,  linen,  elastic  webbing,  india- 
rubber,  and  unbleached  muslin.  Whatever  substance  is  used  must 
be  strong  enough  to  permit  of  firm  application,  and  must  be  supple 
enough  to  allow  of  neat  adjustment  to  the  part.  Calico  is  a  very  poor 
material,  being  too  light  and  apt  to  tear  and  crease ;  linen  and  silk  are 
expensive.  Gauze  is  useful  in  many  case.-; ;  it  is  light,  can  be  neatly 
adjusted,  is  thin,  porous,  soft,  and  makes  even  compression.  One  of 
its  chief  uses  is  to  retain  dressings  upon  a  wound,  and  when  employed 
for  this  purpose  it  may  be  used  dry  or  may  be  moistened  with  an 
antiseptic  solution.  A  wet  gauze  bandage  can  be  applied  with  great 
neatness,  but  must  be  put  on  more  loosely  than  a  dry  bandage,  because 
it  contracts  on  drying,  and,  if  firmly  applied  while  wet,  may  become 
injuriously  tight  when  dry.  The  rubber  bandage,  in  the  form  known 
as  Martin's  bandage,  is  used  in  the  treatment  of  swollen  joints,  vari- 
cose veins  of  the  leg,  ulcers  and  eczema  of  the  lower  extremity.  In 
these  conditions  it  is  applied  before  the  patient  arises  in  the  morn- 
ing, and  is  removed  after  he  has  got  into  bed  at  night.  After  it  has 
been  taken  off,  it  should  be  washed  with  soap  and  water,  dried  with  a 
towel,  and  hung  over  a  chair-back  until  morning.  The  rubber  bandage 
of  Esmarch  is  used  to  prevent  hemorrhage,  and  occasionally  to  treat 
aneurysm.  A  flannel  bandage  is  elastic  and  very  soft.  It  is  capable 
of  neat  and  comfortable  adjustment,  affords  equal  compression,  keeps 
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the  part  warm,  and  absorbs  moisture:.  It  is  used  particularly  in  the 
treatment  of  spraiits.  rlieuniatic  ur  youty  joints,  and  varicose  veins  of 
the  leg.  Il  is  employed  lo  surround  a  pan  which  is  to  be  covered  with 
a  pi astur-of- Paris  ilru-ssinj;.  and  is  very  iisefid  as  a  material  for  T-band- 
ages  anil  abdominal  bimlers.  Ordinarily,  bandages  are  made  of  un- 
bleached muslin  which  has  been  washed,  dried,  and  torn  into  strips, 
each  strip  being  seamless  and  clear  of  selvage.  But  one  strip  should 
be  employed  to  make  a  bandage,  because,  if  two  strips  are  sewed 
together,  a  seam  is  formed,  and  such  a  seam  will  crease  the  skin. 
Selvage  must  be  removed,  !>ecaiisc  it,  too,  will  crease  the  skin. 

Handages  vary  in  witlth  ami  length.  The  folkming  dimensions  for 
different  regions  are  given  by  Wharton  and  Curtis:  Bandages  for  the 
hands,  fingers  and  toes,  r  inch  wide  and  3  yards  long  ;  for  the  extremi- 
ties in  children,  2  inches  wide  and  6  j^'ards  long;  for  the  extremities  in 
adults,  2i  inches  wide  and  7  yards  long ;  head-bandages,  2  inches  wide 
and  6  yards  long;  thigh- and  groin-bandages,  3  inches  wide  and  9 
yarils  long  ;  trunk-bandages.  4  inches  wide  and   10  yards  long. 

Til  make  a  bandiige  the  material  can  be  rolled  into  a  cyllmlrical 
form  by  the  hand  or  by  a  machine.  Material  so  rolled  constitutes  a 
roller  bandage.  In  order  to  roll  a  bandage  by  the  hand,  one  end  of 
the  material  is  folded  to  the  extent  of  6  inches.  This  is  folded  upon 
itself  again  and  again  until  a  tirm  center  or  core  is  constructed,  and 
over  this  stem  the  bantiaye  is  rolled  (Fig. 
148).  The  tnani]5ula(i<m  of  rolling  is  carried 
out  as  follows:  The  extremities  of  the  stem 
arc  grasjKrd  between  the  thumb  and  fingers 
of  the  left  hand,  and  the  free  extremity  of 
the  bandage  between  the  thumb  and  index 
finger  of  the  right  hand.  Tlie  bandage  is 
rolled  with  the  left  hand  and  kept  tight,  in 
order  to  secure  firmness,  with  the  right 
hand.  In  a  well-rolled  bandage  it  is  impos- 
sible to  push  out  the  core  with  the  finger. 
A  bandage-rolling  machine  is  very  largely 
used  in  hospitals.  A  bandage  rolled  from 
one  end  only  is  called  a  single-headed  roller ; 
a  bandage  rolled  from  each  end  toward  the 
center  is  called  a  doublc-lieaded  roller.  The  single-headed  roller 
is  the  one  usually  employed.  Its  free  end  is  known  as  the  initial 
cxtrcmit}*:  its  cylinder  is  called  the  body,  its  hidden  end  the  terminal 
extremity. 

Bandages  arc  named  from  their  application  (circular,  spiral,  reversed, 
etc.),  from  their  uses  (suspcnsorj*  of  the  breast),  from  their  situation 
(crossed  of  the  angle  of  the  jaw\  from  their  shape  (figurc-of-8),  and 
occasionally  after  the  person  who  devised  them  (Barton,  Gibson, 
Dcsault,  Velpcau). 

General  Rtiles  for  Bandaging. — The  surgeon  faces  the  patient, 
places  the  outer  surface  of  the  free  extremity  of  the  bandage  upon  the 
part,  and  retains  II  by  the  fingers  until  it  is  fixed  by  several  circular 
turns.  The  roller  is  held  between  the  thumb  and  fingers  of  the  right 
hand,  so  that  it  will  ea.sily  unroll.     The  turns  of  the  bandage  must  be 


Fiu.  i^il. — RolUnx  a  banda^  by 
hand 


4o6 


mVERS^ATtOXAL    TEXT-BOOK  OF  SVRGERY. 


firm,  smooth,  even,  applied  so  as  to  make  equal  pressure,  and  never 
tight  enough  to  cause  discomforL  In  taking  the  bandage  around  a 
joint,  the  part  should  first  be  placed  in  tlie  position  it  is  to  be  retained 
in  after  the*  dressing  is  complete,  because  to  alter  the  position  after  the 
bandage  has  been  appUcd  may  lead  to  injurious  pressure.  When  the 
part  is  covered,  the  bandage  is  completed  by  two  circular  turns,  and 
the  terminal  end  is  fastened  by  a  safety-pin  to  the  turns  underneath. 
A  tight  bandage  causes  discomfort,  possibly  severe  suffering,  and 
may  even  lead  to  gangrene.  If  it  is  necessary  to  a|>p]y  a  firm  band- 
age above  the  periphery  of  the  linib.  the  peripheral  parts  should  be 
included  first,  in  order  to  prevent  swelling.  If  (he  bandage  tends  to  slip, 
the  edges  or  crossing  should  be  .stitched,  or  the  bandage  should  be 
covered  with  strip.s  of  adhesive  plaster.  In  order  to  remove  a  bandage, 
it  may  be  cut  with  bandage-shears,  or  the  pin  may  be  removed  from 
the  termination  and  the  material  unwound,  the  unrolled  part  being 
grasped  in  tlie  hand  and  transferred  fron)  one  hand  to  the  other. 

The  Elementary  Forms  of  Bandages. — ].  CircuIar.^Circu- 
lar  turns  are  made  round  and  round  a  part,  but  they  neither  ascend 
nor  de-tcccnd,  and  e.ach  turn  exactly  overlies  its  predecessor.  Such  a 
bandage  is  employed  to  retain  a  dressing  on  the  wrist,  neck,  or  fore- 
head, or  to  compress  the  veins  before  the  performance  of  venesection 
or  transfusion  of  saline  fluid. 

2.  Oblique. — Oblique  turns  arc  carried  up  the  extremity  in  the 
manner  of  a  stripe  on  a  barber's  pole,  each  turn  having  between  it 
and  the  preceding  turn  an  uncovered  area  of  skin,  The  oblique  band- 
age is  u.sed  to  lightly  retain  thick  and  loosely  applied  dressings  for 
bum.s  and  scalds. 

3.  Spiral. — In  this  method  the  bandage  is  carried  up  a  part,  each 
turn  overlying  one-third  of  the  preceding  turn.  This  bandage  is  often 
applied  to  the  chest  and  abdomen,  but  is  not  used  upon  the  extremi- 
ties, as  the  size  of  these  parts  becomes  progressively  greater  toward 
the  body,  so  that  a  spiral  bandage  would  be  tight  at  the  upper  border 
of  each  turn  and  loose  at  the  lower  border,  would  make  unequal  press- 
ure, and  would  tend  to  slip. 

4.  The  Spiral  Reversed — The  reverse  corrects  the  inequality  exist- 
ing in  the  spiral,  and  by  means  of  reverses  a  conical  extremitj'  can  be 
evenly  bandaged.  A  reverse  is  made  in  the  following  manner  (Fig. 
149) :  If  the  initial  extremity  has  been  fixed  by  circular  turns,  the 
bandage  is  carried  up  the  limb  obliquely.  The  thumb  of  the  surgeon's 
left  hand  holds  the  unrolled  turn  to  keep  it  secure,  the  roller  is  pulled 
out  until  there  are  6  inches  of  free  bandage  between  the  thumb  and 
the  cyliniler.  and  this  free  bandage  is  permitted  to  Ixr  slack.  The 
supinated  hand  holding  the  roller  is  carried  transversely  under  the 
limb,  and  traction  is  made  to  cause  the  reverse  to  apply  itself  accu- 
rately to  the  surface.  All  the  reverses  should  be  in  tine.  Reverses 
should  not  be  made  over  joints  or  bony  prominences. 

5.  The  Splca. — The  spica  is  used  to  cover  the  shoulder,  the  groin, 
the  thumb,  antl  (lie  foot.  Kach  turn  crosses  its  predecessor  so  as  to 
cover  two-thirds  of  it,  and  the  turns  take  the  form  of  the  Cireek  letter 
lambda  (.().  and  when  applied  re-semble  the  leaves  of  an  ear  of  corn. 

6.  The  Flgure-of-8. — This  is  especially  useful  in  bandaging  joints, 


. 
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and  is  also  employed  to  bandage  the  neck  and  axillae  and  the  occiput 
and  jaw.     The  turns  resemble  in  shape  the  figure  8. 

7.  Recurrent. — The  recurrent  bandage  is  used  to  dress  the  head 
and  amputation-stumps.     The  part  is  covered  by  a  scries  of  turns,  each 


Fir.,  149. — Manner  nf  mnVlng  th**  trvtne. 

one  of  which  recurs  to  its  point  of  orij^in.  and  the  recurrent  turns  arc 
covered  by  spiral  or  spiral  reversed  turns. 

Ponus  of  Compound  Bandages. —  1.  The  single  T-bandage 
consists  of  a  vertical  piece  which  is  stitched  or  pinned  to  a  horizontal 
piece.  Il  is  used  for  the  perineum,  the  head,  the  anus,  and  the  scro- 
tum. To  apply  it  to  the  perineum,  the  horizontal  piece  is  fastened 
around  the  waist,  with  the  vertical  piece  behind.  The  ends  of  the 
horizontal  piece  are  pinned  together,  tlie  vertical  piece  pulled  between 
the  thighs,  the  end  torn  into  two  tails,  and  each  tail  taken  to  one  side 
of  the  genitalia  and  pinned  to  the  waist-piccc. 

3.  The  double  T-bandage  is  used  to  hold  dressings  upon  the  back 
or  chest  The  broad  piece  surrounds  the  chest  and  the  narrow  pieces 
pass  over  the  shoulders  as  suspenders. 

3.  The  many-tailed  bandage  is  made  of  muslin  or  flannel.  The 
ends   are    torn    almost  to   the  center  of  tlie 

material  into  as  many  tails  as  may  be  re- 
quired. Sui^eons  frequently  use  the  many- 
tailed  bandage  to  retain  dressings  upon  the 
abdomen.  In  order  to  prepare  this  abdom- 
inal bandage,  a  piece  of  flannel  ij  yards 
long  and  2  feet  wide  is  torn  into  8  tails  at 
each  end.  the  center  is  applied  to  the 
patient's  back,  the  ends  are  brought  in 
front,  overlapped  successively,  and  pinned  in 
place. 

4.  The  four-tailed  bandage  (Fig,  150)  is 
used  chiefly  to  dress  fractures  of  the  jaw 
and  to  hold  dressings  upon  the  scalp  or 
chin. 


Fir.,  150,— Four-uitpd   bud- 
ngf  of  the  hrad. 


5.  Mayor's  Handkerchler-dressing*.— Thew  dresBUiitt  were  AeriaeC  by  Mtjror 
uf  Grnrva.     He  kJiuwmI  Uiat  if  a  mjuaic  pief;c  of  nuilin  »  Ukco,  dlfTcreni  methods  of  Ibid- 
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inf!  and  appltcatirtn  vrill  enable  one  to  diets  utisTttcloriljr  various  reijions  of  ihe  body.  A 
sqiutc  pici't'  fiililrtl  uiKiti  lUtflf  once  or  Iwicc  conslilutcft  llir  ol*lM|Ur  farm;  btin^ii}*  the 
two  diioifici  atijitei  togciber  forms  the  [riangk.  If  ihe  poiui  of  the  triangle  be  taken  m  the 
bast  and  the  malcrial  be  folded  ft  nuinl>et  of  times  the  (rax-al  is  fonned.  Twisting  the 
cravai  forms  ibe  c&rd.  The  handkerchief  dressiiiK  is  iisefiil  lo  cover  the  head,  the  ^roin,  »r 
a  joint,  aad  to  support  the  bicaM  or  the  lestiole».  It  is  p>nicul&rly  useful  in  cmcrBcncic^ 
and  in  milJiary  [iractice. 

Sting;s. — A  slinjj  can  be  made  from  an  ordinary'  roller  bandape.  by 
means  of  which  tht:  extremity  is  huni^  to  the  neck.  A  belter  form  of 
sling  for  the  forearm  is  made  from  a  haiidkerehicf,  and  is  called  the 
triangular  sling.  A  piece  of  muslin  a  yani  long  i.s  taken  and  folded 
into  a  triangle.  This  triangle  is  carried  under  the  limb,  with  its  ajKJx 
projecting  Ijchiiid  the  elbow,  the  portion  which  comes  from  under 
the  limb  being  carried  over  the  opposite  shoulder ;  the  other  portion 
is  lifted  and  carried  over  the  near  shoulder,  and  the  ends  are  fastened 
together  behind  the  neck.  Tlie  apex  is  pulled  forward  from  behind 
the  elbow  and  pinned  to  the  anterior  portion.  This  sling  supports  the 
entire  forearm  and  hand. 

Fixed  Dre8Sing:8. — Fixed  or  solitl  liressings  are  u.sed  in  the  treat- 
ment of  fiTiclure.s,  injuries  and  di.seases  of  joints,  after  operations  upi>n 
bones,  and  for  the  treatment  of  certain  deformities.  In  order  to  make 
a  fixed  dressing,  some  material  which  will  give  firmness  is  placed  in  the 
fabric  constituting  the  bandage,  either  before  the  application  of  the 
bandage  or  after  it  has  been  apphetl.  Dre.s.stngs  may  be  rendered  solid 
by  the  use  of  plaster  of  Paris,  starch,  silicate  of  soda  or  of  potash,  glue 
and  zinc  oxid.  jjaraffin,  gum  and  chalk,  or  celluloid.  The  mo.st  gen- 
erally useful  is  the  plastcr-of-I'aris  dressing,  which  differs  from  the 
other  materials  in  the  fact  that  it  does  not  contract  as  it  hardens,  but 
expands  a  little. 

Plaster  Bandage. — This  is  best  applied  after  Sayre's  method,  the 
dry  plaster  bting  incorijorated  into  gauze  or  crinoline  before  the 
bandage  is  applied.  The  best  calcined  plaster  of  Paris  is  necessary. 
The  extrcmit>'  is  bandaged  evenly  and  lightly  with  flannel,  and  cotton 
is  placed  over  the  bony  prominences ;  gauze  bandages,  each  one 
being  5  yards  long  and  3  inches  wide,  are  infiltrated  with  dr>*  plaster 
as  they  are  rolled  up.  They  are  usually  kept  ready  for  use.  wrapped 
in  waxed  pn|H.'r  and  stored  in  a  glass  jar.  If  tl»c  bandage  Has  been 
prepared  for  some  tirne,  it  is  best  to  heal  it  in  an  oven  before  attempt- 
ing to  employ  it.  The  bandages  are  dropped  into  tepid  water  and 
should  be  entirely  submerged.  If  it  is  desired  to  have  them  set  quickly, 
the  water  should  contain  a  little  salt;  if  they  arc  to  set  slowly,  it  should 
contain  a  little  stale  beer.  Tlie  bandage  is  ready  to  use  when  bubbles 
of  air  have  cea.sed  to  be  given  off  from  it.  It  is  then  removed  from 
the  water,  squeezed,  and  applied.  It  is  applied  from  the  periphery 
upward,  evenly,  firmly,  but  never  tightly.  Three  or  four  thicknesses 
arc  usually  suflFicicnt,  but  if  it  is  desirable  to  render  the  dressing  par- 
ticularly strong,  pieces  of  wood,  tin.  zinc,  or  pasteboard  may  be  placed 
between  the  folds  of  the  bandage  as  it  is  being  applied.  A  plaster 
bandage  becomes  firm  in  fifl:een  or  twenty  minutes,  but  it  should  not 
be  trusted  to  hear  weight  for  several  hours.  After  it  is  dried,  it  is  a 
good  plan  to  varnish   it  in  order  to  prevent  chipping  (Bryant), 

Gigli  has  devised  a  useful  method  of  applying  the  plaster  bandage. 


BAXDAGF.S. 


409 


After  putting  the  flannel  and  cotton  around  the  limb,  this  sui^con 
places  a  layer  of  moist  parchment  paper  over  the  flannel  upon  the 
front  of  the  limb,  and  iipnn  it  a  thick  cord  greased  with  vaselin  is  laid, 
in  iht;  dirtrctiuii  am-  wDiiltl  need  to  saw  to  ojieii  thi-  plaster;  over  this 
the  plaster  is  a[)plicd.  When  in  the  course  of  time  wc  are  ready  to 
remove  the  plaster,  the  cord — ends  of  which  project  beyond  the  band- 
age— is  loosened,  and  one  end  is  tied  to  a  fine  steel  wire  which  has 
been  nicked  transversely  at  irUi;r\'als  by  means  of  a  file.  The  wire  is 
tlrawn  thnmgli  the  c;ivity  whicli  was  previously  occupied  by  the  cord, 
luich  end  of  this  wire  is  wound  around  a  jiit-ce  of  wuud  whicli  is  to 
serve  as  a  handle,  and  the  plaster  is  then  readily  sawed  through  from 
within  outward. 

It  is  occasionally  necessary  to  apply  what  is  known  as  the  inter- 
rupted plaster  dressing  (Fig.  151).  the  interruption  in  the  plaster 
enabling  the  surgeon  to  reach  a  wound  and  dress  it  readily  while 
the  jjarl  is  perfectly  immobilized.     In  order  to  apply  such  a  dressing,  a 


Fia.  Igl. — InlcmipMd  pluter-of-ParU  dmsinji. 

piece  of  wood  or  iron  is  placed  imderncath  the  extremitj",  running 
above  and  below  the  level  of  the  point  which  is  to  be  left  o[x.'n,  and 
fixed  thus  with  a  few  turns  of  the  plaster  bandage  at  its  extremities. 
A  piece  of  tin  or  iron  is  bent  into  a  large  loop,  the  ends  of  this  piece 


PtG.  tja.— TrapHfoor  (lTcuiA(. 


arc  laid  upon  the  surface  and  caught  in  the  turns  of  the  plaster  bandage. 
It  may  be  necessary'  to  use  one,  two.  or  three  of  these  brackets,  accord- 
ing to  the  degree  of  finiuiess  which  is  desired.  A  good  many  surge*ins 
in  applying  an  uninterrupted  plaster  dressing  lay  uix>n  the  front  surface 
of  tiie  limb,  before  applying  the  plaster,  a  piece  of  zinc,  and  when  it 
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becomes  necessary  to  remove  the  plaster,  this  zinc  protects  the  limb 
from  injury.  In  some  cases  a  plaster  bandage  is  applied,  is  cut  down 
the  front  while  soft,  and  is  subsequently  flanged  0|xrn.  Such  a  dress- 
ing can  be  reminx-d  whenever  necessary,  and  yet  gives  excellent  sup- 
port. It  can  l>e  rclainetl  firmly  in  place  by  adhesive  strips  and  ta}x:s. 
by  appl>'in[;  an  ordinarj-  banciat^c  outside  of  it,  or  by  putting  cyclct- 
holcs  in  the  cdjjes  and  lacing  it  up  like  a  shoe.  Instead  of  making  a 
bracketed  splint,  a  trap-door  may  be  cut  in  the  plaster  dressing  directly 
over  the  area  which  the  surgeon  afterward  Oesires  to  reach  (Fig.  i  52). 
The  methods  of  applying  the  pla.sler  jacket  and  the  jury-nia.st  will  he 
presetitet!  in  the  articles  upon  the  Surgery  of  the  Spine.  A  plaster 
bandagc  can  be  removed  by  splitting  it  with  a  knife  while  it  is  still 
moist,  by  sawing  it  when  it  is  dry  with  Hunter's  saw,  or  by  cutting  it 
with  one  of  the  various  forms  of  plaster-cutlers.  It  is  best,  in  applying 
this  bandage  originally,  to  use  Gigli's  method,  which  renders  the  sub- 
sequent removal  a  most  simple  matter. 

StATCh  BttOtJAKC- — TlicT  f>UirvE)  bamdagc  I'kmjwii  aIso  u!>  SeuliiiS  baittlage  i  wn;  u»cd 
extensively  brfore  tlic  invrnlion  of  (he  plaster  hatidAgc.  'Ilic  slnrcli  is  niUnI  with  cold 
wfti«r  until  it  U  (A  x  cmimy  constUf^ncy,  nnd  boiling  wat«r  w  added  uniil  lh«  mixture  is  muci- 
Iwooos.  The  cxtrenuty  is  b«ncla|{cd  with  Itanncl,  otci  \rlikh  n  gauic  bandage  is  ■pplied. 
Tbt*  banttitgc  rmiu  \\f^  ^Vimnk  heXatc  npplicalion,  as  otherwise  it  will  make  undue  cod- 
tnction  u  it  diin.  The  ftarcli  toixturc  is  rubbed  iato  the  game  bandage,  aod  another 
bttndage  t*  applied  ;  more  Hinrch  i<i  nibhe^)  in,  and  «>  fln  until  the  ifMremily  if  corerrd  with 
a  tiifficicnl  thickii«4.  In  •oniL-  ci^e*  pwe«  of  posteboatd  are  added  lo  gi'e  additional 
•olidity.       riiis  bnmln^r  i!n>->  in  ul>i>ut  thirty  sis  huunt. 

Tn«  SlllcAte«of-flOda  Bandage. — Thi^  material  \s  usunlly  spoUen  ai  as  soluble  glass. 
Silicate  of  puta^iim  <  n-  '  <i -L-d  eijuiiUy  well.  The  exlrcintiy  is  bandnfjcd  with  ftanoct, 
ind  over  this  are  opplii  L  -.  '■■  \-\\  UyL-rs  of  a  jpiuzc  bnndagc.  The  !Ulicatc  is  nibbed  in  wlih 
a  brush,  ancriher  Rauxc  bandage  is  npplinl,  more  silicate  is  nibbed  in,  and  so  on  until  a 
■uflieiciit  thicknew  i*  obtained.  It  rttmires  iwcnty-four  homrs  to  dt^-.  In  order  to  rcTDO>w 
it,  the  exlremtty  covered  with  the  bandage  should  be  placed  in  warm  water  and  the  dressing 
rn[  with  »ciMi>r<, 

QUtn-and-Chalk  Bandage. — This  material  is  prepared  by  ntakiuK  it  into  a  paste  by 
the  ad<lilir>n  nf  Uiilin^  water.  It  is  applied  like  the  stareh  bandage.  i»imm  tolid  than  is 
thai  dreu4iig.  and  becomes  hard  in  live  or  «k  hmirs, 

Qlue  Bandage. — THi>  was  devl-^^i  by  De  Miirj^n.  French  glue  is  snalted  in 
cold  watft,  heattd  iii  »  Klue-pcil,  nnd  npplitd  like  t^lc  tlarch  liniidajie.  The  addition  of 
\  pnri  t)i'  mclhytalcd  hpitil  grcaLly  uticleiales  t)ic  drying  pniceKS.  llic  late  Dr.  Levis  woa 
accu■itaIn(^d  to  mix  nxid  nf  rinc  with   the  glue. 

Paraffin  Bandage  iTalt'l  Bandage).— I'nraflin  isn  mBterinl  which  is  impenctnble 
t>y  the  b«Mly-*«--reiiotis.  It  molts  ai  105"  to  120'  Y.  The  bandage  i*  |ui«sed  through  the 
melted  paraffin  u«  it   \*  being  applied.     This  bandage  becumes  solid  in  about  ten  minute*. 

TheCellulciid  Bandage. — Thisisstmnsly  comniendcilby  I-aiidererand  Kirsfh.^  It  is 
made  hf  snliintlini:  mull  bandage*  tn  a  <olu[ion  of  celtiiKiid  tn  acetone.  The  celluloid  js 
rut  intii  Miinll  [lieces  ;  a  ^lass  jar  is  tilled  une-i|uarter  full  uf  ihese  pieces,  and  is  then  filled 
up  with  the  acetone  and  (he  lid  put  on.  .\\  iniervnU  the  niixture  is  stirred  with  a  glass  tod. 
The  banilage  is  agiplied  over  a  plaster  caM  uf  t1ie  jiiiTt,  whieh  \i-  haiidngnl  with  AanncL 
Over  this  a  mull  hnndagr  i*  npplii-d.  Hy  mraii*  nf  the  hand  gloved  with  leather,  die 
celluloid  geUtin  x*  iipplied  to  the  mull,  aiwitber  mull  baitdage  is  appliol,  more  celluloid 
);elniin  is  applied,  and  soon.  The  outer  layer  cnniisls  of  celluVoid.  Kmtn  4  to  iCi  layers  may 
lie  ncceosiiry  nccjriUnit  lo  the  re<|uircmenl*  uf  the  ca»e.  Williiu  one  and  onC'liaU  hours  the 
dressing  is  firm  enough  to  be  fittetl  ni>on  Ihc  |>er»i»n.  and  in  four  hours  it  is  completely  dry. 
Tlu*  bandage  i«  cheap,  is  light,  and  is  not  affected  by  Ihc  buily- secretions. 

Bandages  of  Special  Regions. — Spiral  Reversed  Bandajj^e  of 
the  Upper  Extremity  (Fig.  153). — This  bandat,'e  is  begun  by  making 
a  circular  turn  around  the  wrist  and  a  second  turn  to  hold  the  first. 
It  is  then  carried  obliquely  across  the  back  of  the  hand  to  near  the 
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extremity  of  the  fingers,  and  ascends  the  hand  to  the  root  of  the  thumb 
by  several  spiral  turns;  the  wrist  is  covered  by  ascending  figure-of-8 
turns,  the  forearm  Is  covered  by  spiral  reversed  liinis,  the  elbow-joint 
by  figure-of-8  turns,  .md  the  arm  by  a  series  of  spiral  reverses.  The 
bandage  is  terminated  by  two  circular  turns  which  are  pinned  to  each 
other. 


Fig.  153— Spiral  reverBed  bAndaue  of  Ihc  upper  extremity- 


Spiral  Bandage  of  all  the  FinK«rs,  or  the  Gauntlet  (Fig.  154). — 
Two  circiil.ir  turns  are  made  around  Ilie  wrist;  itic  Iwndage  is  carried 
obliquely  across  the  back  of  the  hand  to  the  root  of  the  thumb,  and 
is  taken  to  the  tip  of  the  thumb  by  spiral  turns.  The  thumb  is  covered 
in  by  ascending  spiral  turns,  and  the  bandage  is  returned  to  the  wrist. 
Kach  finger  is  covered  in  the  same  manner,  and  tile  bandage  is  termi- 
nated by  two  circular  turns  about  the  wrist. 

Spiral  Bandage  of  the  Palm  or  Dorsum  of  the  Hand  ;  the  Demi- 
gauntlet  I  l-"ig,  155). — This  bandage  is  of  hut  limited  utility.  It  must  not 
be  applied  tightly,  as  it  makes  considerable  pressure  at  the  roots  of  the 


FlC  154. — GauDllci  buHla^c 


FlC.  155* — Ucmi-gauntlct  biiodagir. 


fingers,  although  it  leaves  thu  fingers  free.  If  the  wish  is  to  cover  the 
palm,  the  bandage  is  begun  with  the  patient's  hand  supinated ;  if  the 
desire  is  to  cover  the  dorsum,  it  should  be  started  witlt  the  hand  pro- 
natcd.    Two  circular  turns  are  made  around  the  wrist ;  the  bandage  is 
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caught  around  the  root  of  the  thumb  and  taken  back  to  the  point  of 
origin.  Each  finger  is  covered  in  the  same  manner,  and  the  bandage  is 
ended  by  a  scries  of  ascending  figure-of-8  turns  about  hand  and  wrist 
5pica  Bandage  of  the  Thumb  (Fig.  156). — This  is  begun  at  the 
wrist,  and  is  taken  to  the  end  of  the  thumb  in  the  same  manner  as  is  the 


Vv,.  156. — Sp]ta  bnnilagi.-  *jf  ih-:  tluimU. 

gauntlet  bandage.    A  series  of  ascending  s(Mca  turiTs  arc  made  !x.-tween 

the  thumb  and  wrist,  each  turn  overlyinp  two-thirds  of  the  previous 
turn.  The  bandage  is  terminated  by  two  circular  turns  at  the  wrist. 
Selva'5  thumb-bandage  (Hg,  157)  covers  the  entire  thumb.  The 
terminal  end  of  tiic  bandage  is  placed  on  the  outside  of  the  second 
phalanx  of  the  thumb,  near  to  the  base  of  the  phalanx.     The  bandage 


Fig.  157, — Sclvn'i  thumb -hnndAfc. 

is  then  carried  over  the  jialmar  sitlc  of  the  pulp  of  the  last  phalanx  to 
the  inner  side  of  the  second  phalanx,  this  tnni  being  hehl  temjjorarily 
in  place  by  the  surgeon's  left  thumb  and  index  finger.  The  roller  is 
taken  back  as  a  recurrent  to  its  place  of  origin,  is  made  to  overlap  the 
preceding  turn,  and  is  placed  as  much  as  possible  on  the  dorsum.  It 
is  then  carried  over  the  terminal  plialanx,  and  is  turned  araund  the  tip, 
the  loop  crossing  over  the  center  of  the  nail.  Ascending  spica  turns 
are  now  made  over  the  dorsum  of  llie  liand  and  over  the  pahn.  return- 
ing to  the  phalanx. 

Spiral  Reversed  Bandagre  of  the  Lower  Extremity  (Fi''.  158). — ^Two 
circular  turns  are  made  just  above  the  malleoli,  and  an  oblique  turn 
is  carried  across  the  dorsum  of  the  foot  and  the  metatarsophalangeal 
articulation.  A  circular  lum  is  now  made,  and  the  foot  is  covered  with 
ascending  spiral  reversed  turns.  The  bandage  returns  to  the  ankle  as 
a  figure-of-8.  ascends  the  leg  by  spiral  reversed  turns,  covers  the  knee 
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by  a  figurc-of-8,  ascends  the  Uiigh  by  spiral  reversed  turns,  and  termi- 
nates by  two  circular  turns. 

Bandaee  ol  the  Foot,  Covering  the  Heel  {/hufrican  Ihiutia^i^c  c/  the 
Font)  (l"i^f.  1 59). — The  bimdajje  is  bcyun  in  the  same  manner  as  a  spiral 
reversed  bandage-  w^  tin-  Inwer  extremity.  After  the  foot  is  well  cov- 
ered by  asccndmg  spiral  reversed  turns,  the  bandage  is  carried  around 
the  point  of  the  heel  and  Ls  returned  to  the  instep.  From  this  point  it 
is  carried   under  the  .S(»Ic  of  the  foot,  nroiinil  \hc   back  of  ih,    .mkle- 


\  :■ ,    I  ;i)  — ^[-,1^.l]  i. 


■'A  <  :  i:-\  irtniLl*'. 


joint,  down  the  side  of  the  heel,  under  the  heel  up  to  the  instep,  around 
the  ankle  in  the  opposite  direction,  down  the  opposite  side  of  the  heel, 
under  the  Jieel  and  up  to  the  instep.  The  roller  is  carried  to  above  the 
malleoli,  and  the  banda^^e  is  terminated  by  two  circular  tunis. 

Bandage  of  the  Foot,  not  Covering  the  Heel  [French  Ahthod). — 


/^ 


Fie.  159.- 


t'Ki.  t6o,— Sptca  iMiiiUjtc  ol  Uic  fuoC. 


This  has  already  been  set  forth  in  the  description  of  the  spiral  reversed 
bandage  of  the  hnver  extremity. 

5piral  Bandage  of  the  Foot,  Covering  the  Heel  {RihhmFs  Baminge, 
or  the  Spicaofthe  Foot.  Fiy.  1 60). — A  bandage  identical  with  the  ascend- 
ing spiral  reverse  of  the  lower  extremity  is  applied  until  the  metatnr<ius 
is  well  covered.  The  bandage  is  carried  parallel  with  the  margin  of  the 
foot,  back  alitrg  the  inner  margin  or  the  outer  margin  (according  as  to 
whether  we  are  dealing  with  the  left  foot  or  the  right),  around  the  pgs- 
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terior  portion  of  the  heel,  forward  along  the  opposite  edge  of  the  foot ; 
cross  the  original  turn  at  tlic  metlian  line  of  tlie  dorsum  of  the  foot, 
where  a  number  of  these  turns  are  made  and  caused  to  ascend,  each 
turn  covering  two-thirds  or  three-fourths  of  the  pre\'ious  turn;  The 
bandajje  is  terminated  by  circular  turns  about  the  ankle. 

Crossed  Bandage  of  Both  Eyes,  or  Fisure-of-S  of  Both  Eyes  (Fig. 
161). — A  circular  tiim  is  made  amund  the  forehciid  from  right  to  left. 
The  .second  turn  is  applied  to  hold  the  first,  and  then  the  bandage  is 
carried  downward  over  the  left  eye.  under  the  left  ear,  around  the  back 
of  the  neck,  upward  under  the  right  ear,  and  over  the  right  eye.  These 
turns  are  repeated  50  as  to  ascend,  and  the  bandage  is  terminated  by  a 
circular  of  the  forehead. 

Borsch's  Hye-banda^  (Fig.  162). — A  narrow  bandage  is  laid  along 
the  head  so  that  one  end  will  hang  in  fr<^nt  of  the  sound  eye  and   the 


Fifi,  161, — Croswfl  banrl.iKe  nf  hmh  eyes. 


Fni,  163  — Dorechi  eye-buidage. 


other  down  to  the  back  of  the  neck.  A  circular  handle  is  applied 
over  this  strip  so  as  to  cover  both  eyes ;  the  posterior  portion  of  the 
narrow  strip  is  pinned  to  the  circular  turn  at  the  occiput,  while  the 
lower  end  of  the  anterior  portion  of  the  narrow  strip  is  lifted  and 
pinned  to  the  same  strip  further  back.  The  lifting  oi  the  narrow 
strip  raises  the  bandage  away  from  the  sound  eye. 

Barton's  Bandage  {Figurt--n/-S  0/  tfie  Jtno  ami  Occiput,  Fig.  163). — 
The  initial  e.xtnniil)'  of  the  bandage  is  placed  below  the  inion,  and  a 
turn  i.•^  carried  over  the  right  parietal  bone,  across  the  vertex,  down  the 
left  side  in  front  of  the  ear.  under  the  chin,  up  the  right  side  in  front 
of  the  ear,  acros.s  the  vertex,  and  over  the  parietal  bone  to  the  point  of 
origin.  A  turn  is  now  taken  forward  along  the  right  side  to  the  jaw 
and  backward  along  the  left  side  nf  the  jaw  to  the  nape  of  the  neck. 
These  figure-of-8  turns  arc  repeated  as  often  as  may  ba  necessary  for 
firmness,  and  the  bandage  is  finished  by  circular  tunis  around  the 
forehead.  After  Barton's  bandage  has  been  applied,  the  ears  lie  in 
uncovered  triangles. 

Oibson's  Bandage  (Fig,  164). — Three  vertical  turns  arc  made  around 
the  head  and  jaw,  in  front  of  the  cars.     A  half-turn  is  taken  in  the 
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bandage  is  then  carried  to  the  back  of  the  neck,  forward  under  the  ear 
of  the  sound  side  to  the  under  surface  of  the  jaw,  and  is  then  taken 
upward  in  front  of  the  ear  of  the  injured  side.  A  series  of  turns  are 
now  made  in  front  of  the  car  of  the  injured  side  and  back  of  the  ear  of 
the  sound  side.  The  turns  wliich  arc  tn  front  of  the  ear  progressively- 
advance,  while  those  whicli  are  back  of  the  ear  remain  on  the  same 
level.  In  order  to  terminate  the  bandage,  it  is  carried  back  under  the 
car  of  the  injured  side  to  the  nape  of  the  neck,  and  then  two  circular 
turns  are  taken  around  the  forehead. 

5pica  of  the  Groin  {Figurf-efS  of  the  Thigh  and  Pdvh,  Fig.  166). — 
For  the  double  spica  two  circular  tunis  are  made  from  right  to  lefi 
around  tht-  waist.  The  bandage  is  carried  downward  over  the  front  of 
the  right  groin,  around  the  back  of  the  thigh,  upward  over  the  front 
of  the  right  groin  and  around  the  waist,  downward  over  the  front  of 
the  left  groin,  around  the  back  of  the  thigh,  up  over  the  front  of  the 
left  groin.  aniJ  around  the  waist.  A  map  of  the  bandage  is  thu.s  laid 
out,  and  the  following  turns  ascend,  each  one  overlying  one-third  of  its 
predecessor,  the  bandage  being  completed  by  a  circular  turn  around  the 
waisL  It  is  needless  to  describe  the  single  spica,  as  it  is  obvious  that 
il  is  caught  back  of  but  one  thigh. 

Spica  of  the  Shoulder  [Fig.  167). — A  circular  turn  is  made  around 
the  upper  arm,  folluwed  by  several  spiral  reversed  turns.  From  behind 
forward  the  bandage  is  carried  over  the  shoulder,  across  the  front  of 


rir>.  1S7  — spica  bAndagr  of  the  shnulder. 


I'la.  168. — Fieure-af-H  1iantLij;c  ol  Uie  neck 
and  nxilU. 


the  chest  into  the  opposite  armpit,  and  is  returned  across  the  back  at 
the  posterior  aspect  of  the  shoulder.  A  .series  of  ascending  turns  are 
thus  ap]>lifd. 

Figurc-of-8  bandages  of  the  neck  and  axilla,  and  of  the  chest,  and 
of  the  breast  arc  shown  in  Figs.  168-170. 

Vclp«»u's  Bandage  (Fig.  171), — The  hand  of  the  Injured  side  is 
pl.iced  upon  tlie  shoulder  *^{  the  .sound  side,  and  the  elljow  is  laid 
against  the  chest.     It  is  well  to  intcqxwc  some  lint  or  cotton  between 


elbow,  reluming  to  its  point  of  origin.  The  second  tuni  is  applied 
exactly  nvcr  this  one  to  hold  it  in  place,  but  on  reaching  the  axilla  with 
this  second  turn  tht;   baiuiagi;  is   taken    tlirt-ctly  .ttross  the   back   and 


Flo.  170. — !>ui|)«niorr  and  comprcuor  tMnctaj[c  of  the  br««>l. 

around  the  chest,  including  the  arm.     Each  alternate  turn  is  now  car- 
ried over  the  injured  clavicle,  and  each  allrniate  turn  is  nwde  to  encircle 
the  arm  and  body,  the  clavicular  tunis  passing  progressively  forward, 
the  arm-  and  botly-turns  regularly  ascending. 
3; 


Doault  correcu  Ibe  dowDvnrd  and  forward  defonnitr  of  (h«  frarturr  of  the  cUrkle.     After 
the  third  roller  lui  been  applied  the  hntid  u  hang  in  a  sling  (Fig.  I74)< 
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FlC,  175. — Recurrent  bandage  of  Ilic 
h«id. 


Recurrent  Banda^^  of  the  Head  (Ktg.    [75). — Two  circular  turns 
arc  carried  arouiul  tlic  forchtad  and  Iit-iid.     When  the  niidUlc  of  the 

forehead  is  reached,  a  half-turn  is 
made  and  the  bandape  is  carried  to 
the  occiput.  Another  half-turn  is 
niadc.  and  the  bandage  is  carried  for- 
\v;ird  to  the  forehead,  so  as  to  cover  a 
jMirticin  of  the  preceding  tuni.  These 
recurrent  turns  arc  apph'ed  until  the 
head  is  covered,  and  uliile  they  arc 
being  applied,  an  assistant  catches 
them  at  the  forehead  and  occiput. 
When  the  head  is  co^'ercd,  the  band- 
age is  terminated  by  two  circular 
turns  around  the  forehead  and  occi- 
put, appHed  firmly  and  holding  the 
ends  of  the  recurrent  turns.  It  is 
well  to  carry  a  turn  or  two  around 
the  head  and  chin,  and  to  pin  these 
vertical  turns  to  the  horizontal  fore- 
head turns. 

Recurrent  Banda^^  of  a  5tump. 
—Two  light  circular  turns  arc  taken  around  the  root  of  the  stump. 
The  stump  is  covered  by  recurrent  turns  exactly  as  was  the  head. 
A  hght  circular  turn  is  made  around  the  ntot  of  the  stump,  an 
oblique  turn  is  carried  lu  the  top  of  tile  stump,  and  an  awrending 
spiral  reverse  bandage  Is  applied,  which  is  terminated  by  two  circular 
turns. 

Splints. — A  splint  is  a  firm  material  applied  to  an  extremity  in 
order  to  secure  Immobilization.  Splints  are  of  various  shapes  and 
sizes,  suitable  for  different  injuries  in  particular  regions.  They  may  be 
made  of  wood,  plaster  of  Faris,  felt,  leather,  binders'  board,  zinc,  tin, 
copper,  etc.  Before  a  spHnt  is  appUed.  it  must  be  well  padded,  espe- 
cially at  the  points  which  will  come  in  contact  with  bony  prominences. 
Pads  are  made  of  cotton,  oakum,  or  wool.  They  reach  beyond  the 
ends  and  over  the  sides  of  the  .splint,  and  are  held  in  place  by  tapes  or 
bandages.  A  splint  should  be  applied  firmly,  but  never  tightly.  It  is 
a  wise  precaution  in  applying  a  splint  to  the  forearm  to  leave  the  ends 
of  the  fingers  in  view,  and  in  applying  a  splint  to  the  leg  to  leave  the 
toes  in  view.  The  condition  of  the  circulation  in  the  digits  is  a  gauge 
q{  the  state  n^  the  circulation  in  the  limb.  A  splint  is  held  in  place  by 
bandages,  and  when  it  is  desired  to  remove  the  .splint,  the  bandage  is 
first  cut  loose  with  shears.  The  use  of  special  form.s  of  splints  is  con- 
sidered in  various  sections  of  this  work. 

Adhesive  Plaster. — This  is  a  very  useful  material,  but  should 
never  be  directly  applied  to  a  wounded  surface.  It  is  never  aseptic, 
and  will  of  necessity  infect  any  wound  with  which  it  is  brought  in  con- 
tact. Adhesive  plaster  is  used  to  retain  dressings,  to  keep  bandages 
from  slipping,  to  make  conipre.ssion,  tn  immobilize  a  part,  to  make 
extension  upon  an  extremity,  or  to  protect  a  portion  of  the  surface  of 
the  body.     Resin-plaster  has  its  sticky  surface  covered  with  tissue- 
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paper.  When  resin  plaster  is  to  be  used,  the  tissue  paper  is  removed 
and  the  plaster  cut  lengthwise  into  strips.  The  plaster  is  placed  for  a 
moment  with  the  tinspread  side  against  a  jug  of  hot  water,  and  as  soon 
a-s  the  spread  side  becomes  sticky,  it  is  ready  for  use.  llie  part  to  which 
the  pla.ster  is  to  be  applied,  if  hairy,  should  be  shaved. 

Rubber  plotter  will  adhere  mo>!t  tenaciously  without  any  previous 
heatiiitj,  but  it  is  more  irritant  to  the  skin  than  resin  plaster. 

5oap  plaster  does  not  adhere  with  sufficient  tenacity  to  pcnnit  of 
its  use  as  a  tiiiitcrial  to  make  firm  compression  or  extension.  Its  chief 
use  is  to  co^'cr  and  protect  a  part — for  instance,  an  inci|jient  bed-sore 
or  a  bony  prominence — before  splints  are  applied. 

5trappjng  of  the  Testicle  (Fig.  176). — This  procedure  is  carried  out 


FlO.  IT*. — Strapping  of  ihe  trsiicht  (Smilb). 


in  the  subsiding  stage  of  an  epididymitis  or  orchitis,  and  ia  occasion- 
ally employed  after  tapping  a  hydrocele.  Strips  of  resin  plaster  are 
employed,  each  strip  being  i  inch 
wide  and  lO  or  \2  inches  long. 
After  the  scrotum  has  been  washed, 
shaved,  and  dried,  the  surgeon 
constricts  it  at  the  upper  end  of 
the  testicle,  passes  a  circular  strip 
of  plaster  around  the  scrotum 
abf)vc  the  testicle,  and  then  applies 
a  scries  of  long  recurrent  strips, 
covering  them  with  transverse 
strips. 

Strapping  of  the  Breast  <Fig. 
177). — In  chronic  inll.Tmmations  of 
the  breast,  it  is  sometimes  useful  to 
strap  with  resin  plaster.  The  ma- 
terial is  cut  in  strips  2  inches  wide 
and  of  sufficient  length  to  pass 
under  the  breast,  over  the  far  shoulder,  and  across  the  back  to  the 
point  of  origin.  Tlie  first  strip  is  applied  at  the  lower  portion  of  the 
breast.  The  second  suip  is  on  a  higher  level  and  overlies  onc-lhird  of 
the  previous  strip     In  thi>  manner  the  breast  may  be  entirely  covered. 

5trappin)rof  the  Chest.— See  chapter  on  Fractures. 

Strapping  of  IMcers. — See  chapter  on  Ulcers. 

Strappinj;  uf  Joints. — See  chapter  on  Sprains. 


Fig.  177. — Sinipping  o(  die  breast 
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LOCAL  APPUCATION  OF  HEAT. 

Local  heat  is  employed  to  treat  inflammation,  to  allay  pain,  to  arrest 
itching,  to  stop  hemorrhage,  to  render  joint-adhesions  soft  and  elastic, 
to  destroy  infected  areas  or  malignant  growths.  It  may  be  applied  as 
intermittent  or  continuous  heat.  The  temperature  employed  varies 
with  the  method  of  application  and  the  needs  of  the  case.  It  may  be 
so  low  as  to  irritate  only  slightly  or  so  high  as  to  cauterize  the  tissue. 
We  would  divide  heat  into  two  forms — solar  and  artificial.  Solar  heat 
is  rarely  used  locally.  To  employ  it.  it  is  usually  customary  to  con- 
centrate the  rays  of  the  sun  upon  the  diseased  part  with  a  convex 
glass.  This  method  produces  powerful  counterirritation,  and  has  been 
employed  in  the  treatment  of  ulcers  and  skin-eruptions.  Artificial  heat 
is  either  dry  or  moist. 

Dry  Heat. — Dry  heat  may  be  applied  locally  by  taking  a  plate  of 
earthenware,  a  brick,  a  bag  of  salt,  a  piece  of  iron,  or  some  other 
material,  raising  its  temperature  to  the  required  degree,  and  placing  it 
upon  the  part.  If  the  material  used  is  raised  to  a  high  temperature,  it 
is  customary  to  wrap  it  with  a  blanket  or  a  piece  of  flannel  before 
placing  it  upon  the  surface  of  the  body.  Ironing  the  part  with  a  very 
warm  iron  is  useful  in  mu.scular  rheumatism.  A  cloth  is  laid  upon  the 
surface  of  the  body,  and  the  iron,  as  hot  as  can  be  borne,  is  passed  up 
and  down  over  the  cloth.  The  hot-salt  bag  is  a  useful  means  of  apply- 
ing heat  to  the  perineum.  Heat  may  be  developed  locally  by  friction 
with  the  hands. 

Mayor's  hammer  is  occasionally  used  to  apply  heat  locally.  The 
hammer  is  dipped  in  very  hot  water,  dried,  and  touched  again  and 
again  to  the  surface  of  the  body.  This  process  is  known  as  firing. 
The  hot-water  bag  is  the  most  generally  employed  means  of  udlizing^ 
local  heat.  The  bag  is  filled  with  hot  water,  and  after  the  cap  is  screwed 
down,  it  is  carefully  examined  to  see  that  it  docs  not  leak.  It  is  then 
wrapped  in  a  piece  of  blanket  and  laid  upon  the  part.  It  ts  customary 
to  apply  heat  in  this  manner  in  the  treatment  of  shock,  and  great  care 
must  be  taken  not  to  burn  the  patient. 

Letter's  apparatus  contains  many  different  tubes  suitable  for  various 
parts  of  the  body.  These  tubes  are  placed  on  the  part,  and  hot  water  is 
made  to  flow  through  them.  Dry  hot  air  is  very  useful  in  chronic  joint- 
inflammations.  A  special  apparatus  is  made  for  the  purpose  of  heating 
the  air.  This  apparatus  consists  of  a  copper  cylinder,  which  contains 
perforations  to  afford  ventilation,  and  has  an  asbestos  inner  case.  One 
end  of  the  cylinder  is  closed,  and  the  other  end  is  fitted  with  a  cover 
of  thick  material,  which  contains  a  central  opening  surrounded  by  a 
drawing-string.  The  affected  extremity  is  wrapped  in  cotton  and  is 
placed  in  the  apparatus,  where  it  rests  upon  some  dry  absorbent  cotton, 
as  a  hammock,  the  drawing-string  is  tightened,  and  the  temperature  is 
raised  to  250''  or  300^  F. 

Dry  hot  air  has  been  used  by  Hollander  for  ihe  cauterization  of  lupus.  In  order  to 
accomplish  this  he  drives  air  through  a  red-hot  metal  tube  at  a  temperature  of  300°  C,  and 
directs  the  air  upon  the  part. 

The  Actual  Cautery. — In  order  to  cauterize  the  tissues,  a  metallic 
substance  so  hot  that  it  destroys  is  applied  to  the  part.     The  actual 
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cautery  is  extremely  rapid  in  action,  and  is  not  so  very  painful  if  used  at 
a  high  heat.  The  most  convenient  means  of  applying  it  is  by  the  appa- 
ratus of  Pnt|uclin.  In  this  apparatus  ihu  vapor  i>f  benzol  is  forcctl  through 
the  lieated  lip  of  sponj:[iop]atiniim.  The  apparatus  is  prepared  for  use 
by  fitting  Ihe  rubber  tube  attached  to  the  cautcr}' end  to  one  of  the 
outlets  of  ihr  ben/.ol  bottle,  and  fastening  to  the  other  outlet  the  rubber 
apparatus  for  tJriving  air  througli.  The  tip  is  heated  to  a  red  heat  in 
a  spirit-lamp,  the  vapor  nf  benzol  is  forced  through  by  squeezing  the 
bulb,  and  the  metal  can  be  kept  at  a  red  heal  for  an  indefinite  period. 
Cautery  irons  can  be  used  instead  of  the  insttunient  of  Paquelin.  We 
may  use  special  irons  or  an  ordinary' poker,  or.  in  some  cases,  a  heated 
slee!  needle.  Irons  are  made  of  various  shapes  and  are  set  in  wooden 
handles.  They  are  healed  in  a  charcoal  fire  or  an  ordinarj'  range,  and 
may  be  used  white  hot.  red  hot.  or  cherry  red,  according  to  the  neces- 
sities of  the  case.  If  wc  wish  to  destroy  tissue,  the  iron  is  used  red 
hot;  if  we  use  to  counterirritate  strongly,  it  is  white  hot;  if  wc  wish 
to  arrest  bleeding,  it  is  cherry  red.  In  countcrirritating  a  part  with  a 
hot  iron,  the  instrument  ti^iichcs  the  skin  here  and  there,  or  is  drawn 
ligluly  over  it  in  lines.  Wc  should  not  counterirritate  with  a  hot  iron 
over  a  bony  prominence,  an  important  ner\x-,  or  a  large  blood-vessel. 
When  the  cautery*  is  used  to  arrest  hemorrhage,  firm  pressure  is  made 
upon  the  part  with  a  piece  of  gauze,  llie  gauze  is  ipiickly  removed,  and 
the  cautery  is  rajiidlj'  smeared  upon  the  surface.  The  part  is  pressed 
upon  lightly  with  a  gtiiize  sponge,  and.  if  blood  still  oozes,  the  cautery 
is  again  applied.  The  cautery  will  arrest  primary  hemorrhage,  but, 
unfortunately,  in  many  instances  when  the  slough  separates,  secondary 
hemorrhage  will  arise.  If  wc  wish  to  use  the  cautery  in  one  of  the 
hot ly-cavi ties  or  -canals,  it  is  best  used  as  a  galvanocautcr)',  because  an 
electrode  can  be  introduced  while  cold,  and  after  it  has  reached  the 
region  upon  which  wc  desire  to  operate,  it  can  be  instantly  heated. 
The  galvanocautery  snare  is  a  useful  instrument  witli  which  to  remove 
tumors  from  the  nasal  passages.  To  employ  the  gaKTinocautcry  an 
ordinary  electric  battery  will  not  be  sufficient.  We  must  use  a  cautery 
battery — that  is,  a  battery  which  contains  large  plates  very  near 
together.  A  cautery  hatter\'  will  keep  the  electrode  constantly  at  a 
white  heat.  Klcctrodcs  for  the  application  of  the  galvanocautery  are 
made  nf  various  shapes  and  sizes. 

Moist  Heat. — Moist  heat  may  be  applied  as  a  local  hot  pack.  In 
applying  this,  the  patient  is  wnipped  in  a  ^xy  blanket,  a  piece  of 
blanket  is  wrung  out  of  very  hot  water  with  the  clothes- wringer,  the 
blanket  with  which  Ihe  patient  is  surrounded  is  raised,  the  hot  piece 
applied  to  the  seat  of  trouble  and  the  patient  again  wrappt^^d  up  with 
the  dry  blanket.  Moist  heat  may  be  applied  by  sponging  with  hot 
water.  This  may  allay  pain  and  arrest  itching.  Soft  sponges  arc  .soaked 
in  water,  hot  water  squeezed  out  upon  the  part,  and  the  sponge  is  held 
for  a  minute  or  two  in  contact  with  the  part  until  it  begins  to  cool, 
when  it  is  again  filled  with  water  and  reapplied  as  before.  Immersion 
of  the  extremity  in  hot  water  is  especially  useful  in  sprains  of  a  joint. 
The  cxtrcmit>'  is  placed  in  a  bucket  of  hot  water,  and  small  quantities 
of  very  hot  water  arc  from  time  to  time  poured  into  the  bucket  from  a 
lea-ketlle.    This  gradual  addition  of  hot  water  enables  the  extremity 
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to  tolerate  a  considerable  dcjjree  of  heat.  Compression  with  gauze 
pads  soaked  in  hot  sterile  water  or  hot  norntal  salt  solution  is  used 
very  constantly  by  the  surgeon  to  arrest  capillary  hemorrhage.  The 
plan  is  often  invnliLibk*.  In  ortler  to  carry  it  nut  with  success,  the 
water  shoillc]    be  at  a  temperature  of  115°    to    120^    F. 

Heat  and  mnistiire  arc  frequently  applied  lo  a  part  by  means  of  a 
poultice  or  cataplasm.  Many  materials  arc  used  for  the  purpose  of 
making  poultices— (lax seed,  bread  and  milk,  potatoes,  carrots,  charcoal, 
etc. — but  at  the  present  time  the  old-fashioned  poultice  has  so  litnitCKl 
an  application  that  it  is  unnecessary  to  tlwell  upon  many  of  these 
forms.  The  poultice  which  is  most  frequently  employed  i.s  made  of 
ground  flaxseed.  A  spoon  and  a  tin  basin  arc  scalded.  The  flax.sccd 
is  put  in  a  dr>*  hot  basin,  and  sufficient  boiling  water  is  added  to  make 

a  thick  paste.  Tlie  material  reaches  the 
proper  consistency  when  it  is  decided  that 
the  mass  would  slick  if  it  were  thrown 
against  the  wall.  It  is  spread  to  the  thick- 
ness of  \  inch  upon  a  piece  of  muslin,  and 
is  covered  with  cheese-cloth  to  prevent  ad- 
liesion  to  the  skin.  When  it  is  laid  upon 
the  pjirt,  it  is  eoveretl  u-ith  oiled  silk  or 
with  wax  paper.  Such  a  poultice  will  re- 
tain its  heat  for  five  or  si.\  hours.  Lint  i»r 
sponfjiopHin  snaked  in  hot  water,  laid  upon 
the  part,  and  covered  with  an  impermeable 
Ku;.  17S.— limolHeni  pouitjci-        material,  makes  an  excellent  poultice.     The 

fermented  poultice  which  was  once  exten- 
sively used  for  gangrenous  processes  was  made  by  sprinkHng  yeast 
over  an  ordinar)'  cataplasm.  A  charcoal  poultice  was  made  by  stir- 
ring charcoal  into  the  jioulticc  mass.  A  sedative  poultice  contains 
2  grains  of  opium  to  the  ounce  of  poultice  mass.  A  part  must  not  be 
poulticed  too  long,  especially  in  adynamic  conditions,  because  vesication 
or  pustulation  may  result;  and  a  wound  should  never  be  poulticed 
e.vcept  by  antiseptic  fomentations. 

Hot  fomentations  or  hot  compresses  are  used  particularly  to  allay 
pain,  to  treat  inflanimalion,  and  to  restore  the  circulation  of  damaged 
areas.  A  hot  fomcntition  is  applied  as  follows:  Flannel  is  folded  into 
several  thicknesses  and  is  wrung  out  of  water  at  a  temperature  of 
120°  ¥.  It  is  then  laid  upon  the  part,  covered  with  oiled  silk  or  wax 
paper,  and  changed  as  soon  as  it  begins  to  coo].  It  can  be  kept  warm 
for  hours  by  [jlacing  a  hot-water  bag  upon  the  part  over  the  flannel, 
such  a  dressing  being,  in  reality,  an  excellent  form  of  poultice.  An 
antiseptic  fomentation  or  an  antiseptic  poultice  is  used  when  it  is  neces- 
sar>'  to  apply  heat  and  moisture  to  a  woun<l.  to  an  ulcer,  or  to  a  gan- 
grenous process.  An  antiseptic  fomentation  is  made  by  soaking  a  piece 
of  sterile  gauze  in  a  hot  solution  of  corrosive  sublimate  ( i  :  1000),  wring- 
ing it  out.  placing  it  upon  the  |xirt.  covering  it  with  oiled  silk,  and 
laying  outside  of  it  a  hot-water  bag. 

Steam  1ia»  been  it««d  locally  by  some  iintclitiuiieri.  Knliii  lia.-c  emplujml  il  in  plu^r■ 
pcnil  cndtimHrilJS.  Hv  sllnches  *  h<»e  hy  one  end  in  n  kcttir,  by  the  Mher  to  a  uterine 
applkator  whi;;li  hax  «  hollow  item.     The  keltic  is  furniitlied  wiUi  a  tbcnnometcr  and  ■ 
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•piril-lamp.  The  «tc«m  t*  uicd  for  two  mintilcs  nl  100°  C,  nml  then  for  one  minute  at 
115°  C,  and  il  causvs  but  little  pain.  For  stfvenil  dnys  uflt-i  it  lia»  lii^eii  usmI  iiiiratilt-riiir 
dntichie*  are  given.  StPiim  ha«  nEv>  hecn  u«cil  fnr  (Ue  purpose  of  dKnfc-cling  b-tnc-caviLie*, 
aiiJ  boiline  oil  and  boiling;  water  hiive  Ik-p.ii  eniplityed  wiili  the  .'uiiue  cud  itj  vieu-,  Tlitrw 
BgfnU.  iinfiirfiirmtrly,  tiivnnnlily  aiiiv  ^upcrliciaf  necm^is. 

Counterinitants. — Irritation  of  tlie  surface  of  the  body  may  be 
used  for  the  purpose  of  bt:ncfitiiij;  internal  dLTanjjcments.  \Vc  must 
be  vcrj-  catitioiis  in  using  countcrirritanls  if  a  ixrrson  is  lethargic,  stu- 
porous, or  c(imalr)«ic,  because  in  tliis  condition  wc  may  do  great  injury. 
the  iridivitlual  feeling  nu  pain,  and  being  unable  to  call  our  attention 
to  the  destruction  which  is  going  on.  Count erirritants  should  not  be 
applied  to  paralyzed  part.«.  Counterirritants  arc  divided  into  rubefa- 
cients, agents  which  cause  heat  and  redness ;  cpispastics,  agents  which 
cause  infiiinimatlon  and  vesication  ;  and  cauterants.  agents  which  imme- 
diately destroy  the  tissues.  The  most  commonly  used  rubefacient  is 
ground  mustard.  The  hot  mustard  fool-bath,  which  is  a  useful  domes- 
tic remedy,  is  made  by  adding  two  tables poonfuls  of  ground  mustard  to 
a  basin  of  warm  water;  and  in  this  mixture  the  patient  places  his  feet. 
The  water  must  be  below  lOO"  F..  because  hot  water  will  destroy  the 
fcnnent  niyrosin,  and,  as  a  consequence,  the  volatile  oil  c-f  mustard, 
which  Is  the  rubefacient  element,  will  not  be  formed.  Mustard  is  gen- 
erally u.scd  in  the  form  known  as  a  mustard  plaster.  To  make  a  mus- 
tard plaster  for  an  adult,  take  e(|ual  parts  of  ground  mustard  and  of 
flaxseed  meal  and  make  them  into  a  thick  paste  with  tepid  water. 
The  mixture  is  spread  on  old  muslin,  is  covered  with  checse-clolli, 
is  laid  upon  the  ]jart.  and  kqrt  on  from  fifteen  to  thirty  minutes.  Occa- 
sionally nmstard  will  fonn  vesicles,  and  if  such  an  accident  happens, 
the  vesicated  area  should  be  dressed  with  cosmolin  or  zinc  ointment. 
In  order  to  make  a  mustard  plaster  for  a  child,  i  part  of  mustard  is 
added  to  3  parts  of  flaxseed  meal.  The  ready- prepared  mustard 
plasters  of  the  shops  are  known  as  mustard  papers.  They  are  deci- 
dedly .strong.  In  order  to  prepare  one  for  use.  it  should  be  dipped  into 
tepid  water,  the  mustard  side  covered  with  a  piece  of  cheese-cloth,  and 
the  plaster  laid  upon  the  pail. 

Counterirritation  can  be  effected  by  hot  fomentations  or  the  use  of 
Mayor's  hammer,  to  which  allusion  has  already  been  made.  Spirit  of 
turpentine  is  a  useful  agent  with  which  to  counterirritate.  It  may  be 
nibbed  upon  the  part  in  its  pure  condition  or  may  be  mixed  with  an 
equal  part  of  olive  oil.  The  turpentine  stupe  is  very-  useful.  It  is  pre- 
pared as  follows :  Take  a  flannel  cloth,  fold  it  in  several  layers,  wring  it 
out  in  hot  water,  sprinkle  upon  it  3  to  10  drops  of  spirit  of  turpentine. 
lay  it  upon  the  part,  and  bind  it  on  with  a  bandage.  Instead  of  flannel, 
spongiopilin  may  be  used. 

The  spice  bag  is  a  ver>'  common  domestic  means  of  obtaining 
counterirritation.  It  is  a  mild  rubefacient,  and  can  be  kept  on  a 
part  for  many  hours.  It  is  made  by  mixing  equal  parts  oi  nutmegs, 
cloves,  cinnamon,  and  allspice,  and  half  of  a  part  of  black  pepper. 
This  mixture  is  sewed  up  in  a  fiat  bag  of  old  linen.  The  bag  is  quilted 
to  prevent  sagging  of  the  contents.  One  side  of  the  bag  is  wet  with 
vinegar,  warm  brandy,  or  whiskey,  and  is  laid  upon  the  part.  Counter- 
irritation may  also  be  eflccted  by  touching  the  jiart  lightly  with  the 
cautery,  by  friction  with  stimulating  liniments — for  instance,  camphor 
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liniment,  soap  liniment,  or  turpentine  liniment ;  or  by  the  use  of  capsi- 
cum plaster,  Burgundy-pitch  plaster,  Canada-pitch  plaster,  or  arnica 
plaster.  Epispastics  are  used,  particularly  in  chronic  pleuritic  effusion, 
in  chronic  inflammation  of  joints,  and  in  inflammation  of  tendon-sheaths 
and  bursse. 

Before  blistering  a  part,  it  should  be  washed  and  dried ;  if  it  is 
hairy,  it  should  be  shaved.  The  favorite  material  for  blistering  is  can- 
tharides,  which  may  be  used  in  the  form  of  the  cerate,  the  cantharides 
paper,  or  cantharidal  collodion.  If  we  use  the  cerate,  it  should  be 
spread  on  the  center  of  a  piece  of  adhesive  plaster,  free  margins  of 
adhesive  plaster  being  left  to  adhere  to  the  surface  of  the  body.  If  a 
very  prompt  effect  is  desired,  just  before  the  blistering  material  is 
applied,  the  skin  should  be  rubbed  for  a  minute  or  two  with  spirit  of 
turpentine.  Blisters  form  on  children  more  easily  than  upon  adults, 
and  in  children  it  is  wise  to  interpose  a  piece  of  thin  tissue  paper 
between  the  cerate  of  cantharides  and  the  skin.  In  the  adult,  the 
blistering  material  is  left  in  place  for  six  hours  and  is  then  removed, 
and,  if  the  blister  is  not  found  thoroughly  developed,  the  part  is  poul- 
ticed for  some  hours.  If  the  patient  resents  the  pain,  is  very  nervous, 
or  in  a  debilitated  condition,  the  blistering  material  is  removed  in  two 
hours,  and  a  flaxseed  poultice  applied.  When  the  blister  is  fully  devel- 
oped, it  is  punctured  at  its  most  dependent  portion  to  permit  of  drain- 
age, and  is  dressed  with  cosmolin  or  ointment  of  oxid  of  zinc.  If 
we  wish  to  keep  the  blister  open,  the  stratum  corneum  is  cut  away, 
and  the  blister  is  dressed  with  an  irritant  application,  such  as  5 
drops  of  nitric  acid  to  the  ounce  of  cosmolin.  If  cantharidal  col- 
lodion is  used  to  make  a  blister,  several  layers  of  it  are  painted 
upon  a  part  by  means  of  a  camel's-hair  brush.  If  cantharidal  paper  is 
employed,  it  is  cut  to  the  proper  size,  greased  with  olive  oil,  laid  upon 
the  part,  and  held  inposition  by  rubber  adhesive  plaster.  Blisters  can 
be  formed  rapidly  by  the  use  of  stronger  ammonia.  If  a  few  drops  are 
poured  into  a  watch-crystal,  and  the  crystal  is  laid  upon  the  surface,  a 
blister  will  form  in  fifteen  minutes.  A  piece  of  lint  can  be  saturated 
with  ammonia,  and,  after  being  laid  upon  the  surface,  covered  with 
oiled  silk.  Equal  parts  of  ammonia  and  lard  will  blister  in  five  min- 
utes. Chloroform  will  rapidly  blister.  It  is  applied  by  moistening 
lint  with  the  chloroform,  placing  the  Hnt  on  the  part,  and  covering  it 
with  oiled  silk  or  a  watch-glass.  If  a  solid  stick  of  silver  nitrate  is 
drawn  across  a  part,  it  will  vesicate.  Tartar  emetic  ointment  may  be 
used  for  the  same  purpose.  The  hot  iron  at  a  white  heat,  brought 
near  to  the  surface,  will  instantly  vesicate.  After  this  has  been  used, 
the  vesicated  area  is  dressed  with  iced  water  for  an  hour,  and  is  then 
poulticed.  The  older  surgeons  used  to  employ  Vienna  paste.  This 
consists  of  5  parts  of  caustic  potash  and  6  parts  of  lime,  made  into  a 
paste  with  alcohol.  It  will  blister  in  five  minutes ;  when  it  has  made  a 
blister,  it  is  washed  off"  with  vinegar. 

LOCAL  APPLICATION  OF  COLD. 

Cold  is  used  to  contract  the  vessels  in  inflammation,  to  arrest  swell- 
ing, to  allay  pain,  and  to  stop  hemorrhage.     It  may  be  used  as  inter- 
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mittcnt  or  continuous  cold,  and  also  in  the  form  of  wet  cold  or  of  dry 
cold. 

Wet  cold  can  be  used  in  the  form  of  continuous  irrigation.  In 
order  tu  apply  irrigation,  the  part  shoiild  be  wrapped  in  wet  linen  and 
laid  on  a  rubber  sheet  folded  into  a  trough,  the  end  of  the  trough 
emptying  into  a  bucket.  A  vessi^l  filled  with  cold  water  is  placed  on  a 
shelf  which  is  on  a  higher  level  than  the  betl.  A  wet  lamp-wick  can 
be  carried  from  the  rcscr\'oir  to  the  pari.  The  part  will  be  kept  wet 
because  capillary  attraction  and  gravity  lead  water  from  the  reservoir. 
Evaporation  greatly  lowers  the  tcnipenUure,  Instead  of  a  lamp-wick, 
a  rubber  lube  may  be  used  tu  carrj-  the  fluid,  a  clamp  bcirtg  set 
upon  the  tube  to  regulate  the  amount  of  flow.  The  fluid  used  may 
be  ordinary  water,  spring  water,  or  iced  water.  If  the  water  he  too 
warm,  it  can  be  reduced  to  n  temperature  of  45*^  F.  by  the  addition 
of  1  part  of  alcohol  to  4  parts  of  water.  Great  cold  can  be  obtained 
by  tlie  use  of  a  mixture  of  5  parts  of  potassium  nitrate.  5  parts  of 
ammonium  chlori<i.  and  rfj  parts  of  water.  If  wet  cold  is  used  upon 
an  open  wound,  the  wound  and  ilie  adjacent  skin  must  be  thoroughly 
asepticized  and  covered  with  gauze  which  j.s  wet  in  an  antiseptic  solu- 
tion ;  the  fluid  itself  must  be  antiseptic,  or  at  least  sterile.  Compresses 
soaked  in  iced  water  and  frequently  changed  are  very  useful  in  the 
treatment  of  conjunctivitis  and  epididymitis. 

Dry  cold  is  usually  employed  in  the  form  of  an  ice-bag.  A  rubber 
hag  ur  a  bladder  is  filled  with  finely  cracked  or  grouml  ice.  The  bag 
is  not  laid  directly  upon  the  pari,  because  it  invariably  becomes  moist; 
a  piece  of  flannel  is  always  intcrjiosed  between  the  bag  and  tlie  skin. 
The  part  may  be  encircled  with  a  rubber  tube  through  which  cold 
water  flow^s ;  or  I.citcr's  tubes  may  be  employed,  or  pieces  of  metal. 
which  have  been  chilled  by  soaking  in  a  cold  fluid,  may  be  laid  upon 
the  diseased  area. 


ANESTHETICS  IN  MINOR  SURGERY. 
In  minor  operations  it  may  be  necessary  or  convenient  to  administer 
ether  or  chloroform  exactly  as  is  done  in  a  major  operation.  In  some 
cases  a  general  anesthetic  other  than  ether  or  chloroform  is  employed. 
and  in  many  cases  only  local  anesthesia  is  necessary.  If  ether  or  chlo- 
roform is  used,  the  same  care  is  taken  and  the  same  precautions  arc 
observed  as  in  a  major  operation.  The  fact  that  the  operation  is  trivial 
does  not  mean  that  an  anesthetic  has  slighter  dangers  than  usual. 
Many  of  the  accidents  which  have  occurred  during  anesthesia  have 
arisen  during  the  performance  of  small  operations.  The  temptation  in 
such  cases  is  to  operate  before  the  reflexes  are  abolished ;  and,  when 
the  reflexes  are  not  abolished,  a  violent  peripheral  irritation  may  pro- 
duce cardiac  or  respiratory  inhibition,  and  such  an  accident  is  most  apt 
to  occur  when  an  operation  involves  the  trajectory'  of  the  fifth  ner\c 
In  truth,  incomplete  anesthesia  is  a  condition  of  greater  danger  than  is 
complete  anesthesia. 

Ethyl  Bromld. — Ethyl  brunid  ^vtf  tujiictly  produces  ane«the«ia,  and.  kAct  ihr  admin- 
■fimtiiiii  io  HUftprndrd,  L-unsciouuiess  h  (luitkK  rt^innl.  The  drug  thould  br  Vt\i\.  in  a 
tightlj'  tloppctcd  vtllow  gla«t  bt>t(lc.    A  ctiild  can  be  Kivcn  5  dramt.  aod  an  adult  6  drams.' 

(  *  CnaMton,  BkIoh  Med.  and  Snrg.  Jotir.,  July  20.  1S94. 
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Iti  a dtnini Bering  ethyl  Immiid,  llit  eiilire  aniounl  to  be  ^ivt-ti  ih  [xiured  un  a  fulded  towel 
or  nn  EsmflTCh  ma^k,  «nrf  thr  matk  or  lowfl  held  rlnsely  in  ihr  mniilh  nrwl  f>o»c,  so  &s  to 
exclude  uir.  Uni:ufiM:iuiuiiea&  ijii  lie  putduced  in  ituiw  half  fi  iiiitmte  tti  Iwu  uiinula.  The 
moment  the  patient  heoitncs  tim:iniHciini>,  [lie  inhaler  ix  n-iniivrd,  and  the  ■tpcmlkiii  is  pro 
ceetled  with.  It  will  Ijc  unsafe  lo  (cive  muic  uf  tlie  anesthetic,  heeausc  the  adiuiuiitntioD 
of  a  lnii;eT  anKiuiil  of  elhyl  limmid  will  imKluee  inu!>4-u1nr  en titrrK  lures,  tigtdily  «f  the  jaw, 
and  irregularity  urrc^ptt^tion.  After  ihe  withdravrnl  of  the  inhaler,  tbe  patient  will  renuUB 
unoDSiiuus  fur  nlxnit  three  mtnulcK.  utid  will  ihen  piumplly  relum  lo  cotucioasBas 
((.'uiniton). 

There  arc  very  mielr  nny  diugrcenblc  after-effects.  The  safety  of  this  dni|!  tu»  been  I 
inalter  of  nunc  qucstiitn.  Sudden  death  has  Inippened  frnm  its  use.  Cumston  li&s  iscd  It 
in  2O0  casc>,  mid  belleve»  it  to  be  absolutely  safe  ;  Inil  he«a)»  th^t  »cnous  IcHODaoflhe  lud- 
neys,  Iuii^n,  ur  lieari  are  contra -indicaiiuiis  to  ws  um-..  Ijiuder  Bruiiton  does  iiui  eaiiMclrr  the 
dnig  ah<olv»i.Iy  «ti'       The  anthnr  hn*  kiwiwlcdgc  of  t  death  produced  by  it. 

Nitrous  Oxid.— Many  minor  operations  can  be  performed  when 
the  patient  is  iindLT  the  influence  of  nitrous  oxid.  This  a^ent  can  be 
given  alorc  or  combined  with  oxygen  gas.  The  administration  of 
nitrous  oxid  requires  a  rather  bulky  and  expensive  apparatus,  and  the 
gas  is  not  readily  applied  in  private  Iiouses;  so  that,  if  it  is  desired  lo 
use  it.  the  patient  is  ustially  taken  to  a  hos|>ital  or  to  a  dentist's  oflficc. 
Ati  inipetlimcnt  to  the  extensive  use  of  nitrous-oxid  gas  has  always 
been  the  brevity  of  the  anesthetic  slate  which  it  induces  and  the  danger 
of  prolonging  the  anesthesia  by  continuous  administration.  ■  Paul  l^rt 
some  time  since  discovered  that  if  nitrous  oxid  were  mixed  with  oxygen, 
and  an  animal  were  placed  in  a  chamber  in  which  pressure  was  increased, 
anesthesia  could  be  kept  up  indefinitely  with  safety.  Since  then  it 
has  been  made  evident  that  it  is  not  necessary  lo  increase  atm()s|>hcric 
pressure,  and  that  a  mixture  of  etjual  parts  of  the  gas  and  of  tixygcn 
can  he  continuously  inhaled  and  will  produce  prolonged  anesthesia 
(Hewitt's  apparatus).  If  ox>'gcn  and  nitrous  oxid  are  .so  given,  there 
will  be  from  thirty  to  forty  seconds  of  a\'ai]ablc  anesthesia  after  the 
removal  of  the  face-mask ;  but  witJi  this  mixture  anesthesia  can  be 
maintained  wliile  an  oi>erative  proceilure  »>f  some  length  is  being  car- 
ried i>n.  Oriiinarily.  nitrous  oxid  is  rot  to  be  used  as  an  anesthetic  in 
the  retluclion  of  a  dislocation,  the  setting  iif  a  fracture,  the  examination 
of  a  joint,  or  the  stretching  of  the  sphincter,  because  it  causes  mu.scular 
rigidity ;  but  nitrous  oxid  mixed  with  oxygen  does  not  produce  rigidity. 

Primary  Anesthesia. — Where  ether  is  rapidly  inhaled,  there 
arises  in  many  cases  a  temporary  condition,  in  the  early  |X'riod  of  the 
adininistralioii.  in  which  the  patient  is  confused,  but  nut  unconscious, 
and  yet  has  no  appreeialion  of  pain.  This  stage  is  known  ;is  primary 
anesthesia.  It  lasts  about  thirty  seconds,  ami  during  its  continuance  a 
simple  operation,  like  the  opening  of  an  abscess,  may  be  i»crformcd 
without  pain.  Jn  order  to  induce  primar\'  anesthesia  the  patient  shotild 
be  rectimhcnt.  with  one  arm  raised  vertically.  He  should  count  out 
loud.  All  .Mils  iiduiler  is  placed  over  the  mouth  and  nose,  and  ether 
is  poured  on  steadily.  In  a  little  tiint-  the  counting  bec«^nnes  irregular 
and  confused,  or  is  stop[)ed  entirely ;  the  arm  drops  to  the  side,  and  the 
time  has  conic  for  operating. 

Local  Anesthesia. — Local  anesthesia  can  be  induced  by  cold. 
Cold  may  be  brought  to  Ix-ar  upon  a  part  by  the  use  of  ice  and  salt 
(Arnolt's  plan),  the  injection  of  iced  water,  spraying  the  part  with  ether 
(Ri^njamin  Warii  Richardson),  with  rhignlene  lUigelow).  or  with  ethyl 
chlorid.     If  ice  is  used,  it  is  to  be  broken  up  very  fine,  and  I   part  of 
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salt  is  mixed  with  2  pnrts  of  ice.  The  mixture  is  wrapped  up  in  a 
piece  of  cheese-cloth  and  laid  upon  the  part.  In  about  fifteen  or 
twenty  minutes  the  skin  blanches,  and  the  part  is  ready  for  operation. 
The  spray  of  ethyl  chlorid  is  the  most  rapid  and  convenient  means  of 
freezing.  The  drug  is  furnished  in  a  glass  tube  with  a  narrow  neck, 
which  is  kept  closed  with  a  brass  screw-piece  (Benguc's  apparatus). 
When  a  part  is  to  be  frozen,  the  brass  cap  is  removed,  and  the  lube  is 
held  in  the  palm  of  the  hand,  so  as  to  warm  it.  A  fine  spray  of  ethyl 
chlorid  is  projected  through  a  small  opening  in  the  neck  of  the  bulb  and 
thrown  u]x>n  the  surface  to  be  frozen.  The  tube  should  be  held  S  to 
10  inches  from  the  skin  of  the  patient.  As  the  skin  freezes,  it  suddenly 
whitens;  it  will  remain  anesthetic  for  several  minutes.  Freezing  of  the 
part,  no  matter  how  it  is  brought  about,  is  in  most  in.stances  not  itior- 
oughly  satisfactor)'.  Of  necessity,  .1  larger  area  is  frozen  than  requires 
to  be  cut  The  freezing  makes  the  tissues  hard  and  difficult  to  divide, 
and  alters  ver>'  much  their  appearance.  The  process  of  freezing  is 
iUclf  painful,  and.  occasionally,  sloughing  follows  the  procedure. 

Freezing  is  satisfactory  only  when  we  wish  to  make  a  small  incision 
or  a  puncture — for  instance,  opening  an  abscess,  tapping  a  hydrocele,  or 
penetrating  the  skin  with  a  needle  to  introduce  Schleich's  fluid.  Local 
anesthesia  can  be  obtained  to  a  certain  extent  by  the  use  of  electricity. 
This  has  been  particularly  employed  in  dentistrj'.  In  some  cases 
needles  are  introduced  into  the  tissues  and  the  current  is  passed.  In 
other  cases,  the  electric  current  is  used  to  carry  cocain  into  the  tissues 
(electrical  cataphoresis).  loical  anesthesia  may  be  induced  by  the 
local  application  of  certain  drugs.  In  some  ca.-ies.  the  agent  is  applied 
to  the  surface ;  in  others,  it  is  injected  into  the  tissues. 

Cocain. — Cocain  is  a  very  useful  agent.  It  wilt  anesthetize  mucous 
membranes  if  applied  to  the  surface,  but  to  affect  the  skin  and  dee|)er 
structures  the  drug  must  be  injected.  It  is  instilled  into  the  conjunc- 
tival sac.  injected  into  the  urethra  and  bladder,  painted  upon  the  Iar>Tix. 
and  sprayed  into  the  nares.  In  the  vast  majority  of  case**  the  use  of 
cocain  is  productive  of  no  hann.  In  many  cases  it  produces  slight 
toxic  symptoms.  In  some  cases  grave  .symptoms  follow  its  use,  and 
in  a  few  reported  cases  it  has  produced  death  (sec  chapter  on  AiustJittics). 
Injection  about  the  head  is  more  dangerous  than  in  other  regions  (Wolf- 
Icr).  A  warm  solution  is  more  efficient  than  a  cold  .solution,  and  as  less 
of  it  will  produce  anesthesia,  it  is  the  safer.  Because  of  the  dangers 
which  possibly  reside  in  cocain,  it  sIkmiUI  be  atlministered  while  the 
individual  is  recumbent,  and  at  the  first  sign  of  trouble,  active  treat- 
ment should  be  instituted  (see  chapter  on  Attesf/utics).  In  anesthetizing 
the  eye,  the  strength  of  the  solution  of  cocain  varies  from  1  to  4  |>cr 
cent,  according  to  the  depth  ;md  duration  of  anesthesia  required.  If 
a  foreign  body  is  to  be  removed  from  the  surface,  a  I  per  cent,  solution 
is  used.  If  a  cataract  is  to  be  extracted,  a  4  per  cent,  solution  is 
employed.  A  (irop  or  so  of  the  fluid  is  instilled  evrr\'  ten  minutes, 
until  three  instillations  have  been  made ;  the  parts  will  then  be  entirely 
insensitive.  In  the  nose,  pharynx,  Iar}*nx,  and  tonsils,  the  strength 
of  the  solution  \'aries  from  2  to  20  jh-t  cent  A  strong  solution  is 
far  safer  when  used  in  the  larj-nx  than  in  tlie  phar^'nx  or  esoph- 
agus.     Over  \  grain  must  not  be  injected  under  the  mucou.s  mem- 
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brane  of  the  mouth  (Stoerk).  Over  \  grain  should  not  be  applied 
to  a  mucous  surface.  In  the  urethra  a  4  per  cent,  solution  is  in- 
jected ;  in  the  bladder  a  2  per  cent,  solution  is  used.  For  the  vulva, 
vagina,  and  uterus  a  5  per  cent,  solution  is  employed ;  for  the  rectum 
a  5  per  cent,  solution  is  employed,  pieces  of  cotton  being  saturated 
with  the  drug  and  introduced  into  the  rectum.  To  secure  insensibility 
of  the  skin,  cocain  must  be  injected  with  a  hypodermic  syringe.  The 
solution  should  be  of  the  strength  of  i  or  2  per  cent.,  and  it  is  desirable 
to  have  it  warm.  More  than  \  grain  should  never  be  injected,  especially 
about  the  face  and  genitals.  The  surgeon  should  be  careful  not  to 
throw  the  drug  into  a  vein.  The  injection  is  made  into  the  skin,  but 
not  into  the  subcutaneous  areolar  tissue.  Injection  into  the  subcutane- 
ous tissue  is  both  dangerous  and  unsatisfactory. 

Method  of  Injection, — If  the  region  is  suitable,  a  rubber  band  should 
be  applied  above  the  seat  of  operation.  A  sharp  needle  is  placed  at  an 
angle  of  45°  to  the  surface  and  pushed' through  the  epiderm  and  into, 
but  not  through,  the  Malpighian  layer.  A  minim  or  so  of  the  solu- 
tion is  forced  out  of  the  syringe.  A  whitened  elevation  will  be  formed. 
The  needle  is  withdrawn,  and  at  the  margin  of  the  whitened  area  and 
in  the  direction  in  which  the  incision  is  to  be  made,  the  needle  is 
inserted  again  and  another  minim  or  so  forced  out.  When  the  area 
which  is  to  be  operated  on  has. been  injected,  the  surgeon  waits  five 
minutes  and  then  proceeds  with  the  operation.  After  the  skin  has  been 
divided,  if  it  is  necessary'  to  cut  the  subcutaneous  tissues,  a  few  drops 
of  a  I  per  cent,  solution  of  cocain  are  poured  into  the  wound  from 
time  to  time.  After  the  completion  of  the  operation,  the  constricting 
band  is  loosened  for  several  seconds  and  readjusted  for  several  minutes. 
Again  it  Is  loosened  and  readjusted,  and  so  on  three  or  four  times 
(Wyeth).  In  this  way  but  a  small  quantity  of.  cocain  is  taken  into  the 
system  at  one  time,  the  organism  is  able  to  distribute  it  and  dispose 
of  It,  and  no  toxic  symptoms  arise.  Corning  demonstrated  that  if  the 
arteriovenous  circulation  is  arrested,  the  action  of  cocain  can  be  very 
greatly  prolonged.  His  method  is  as  follows :  A  piece  of  elastic  web- 
bing is  applied  temporarily  around  the  limb  above  the  field  of  opera- 
tion, the  course  of  the  veins  is  marked  with  a  colored  pencil,  the  web- 
bing removed,  Esmarch's  bandage  applied  from  the  periphery  to  the 
lower  margin  of  the  field  of  operation,  a  flat  rubber  band  applied 
around  the  limb  at  the  upper  margin  of  the  field  of  operation,  the 
Esmarch  bandage  removed,  and  the  cocain  injected  as  previously 
directed.  The  anesthetic  condition  can  be  maintained  by  this  method 
for  over  an  hour. 

If  operating  upon  the  back,  abdomen,  breast,  or  head.  Corning  con- 
trols the  circulation  by  the  application  of  rings  of  rubber  around  the 
field  of  operation,  the  rings  being  held  so  as  to  press  down  upon  the 
surface  by  means  of  bands.  Krogius  has  pointed  out  that  cocain.  if 
injected  into  the  tissue  near  a  nerve -trunk,  produces  in  five  minutes 
anesthesia  in  the  peripheral  distribution  of  the  nerve.  Anesthesia  so 
produced  lasts  fifteen  minutes,  and  operations  in  this  area  can  be  pain- 
lessly performed.  All  the  tissues  of  the  finger,  both  superficial  and 
deep,  can  be  rendered  anesthetic  by  injecting  cocain  across  the  root  of 
the.digit.     Analgesia  of  the  middle  of  the  forehead  is  caused  by  inject- 
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ing  a  drug  over  both  supra-orbital  notches.  Injection  over  the  ulnar 
nerve  causes  anesthesia  of  the  entire  nerve-distribution.  This  plan  has 
been  used  extensively  in  the  clinic  at  Hclsingfors,  and  over  2O0  opcra- 
tiopK  iiave  been  )x.Tfurn]ed  (anipLitation  of  (he  finger,  the  toe,  circum- 
cision, etc.). 

5chlelch*.s  Infiltration  Anesthesia. — Schleich  was  impressed  with 
the  facts  tiiat  not  onij-  is  cocaiti  sometiiTiL-s  dangerous,  but  it  is  often 
unsatisfactorj",  because  it  is  not  difTused  widely  enough  tn  anesthetize 
anastomosing  lu-rve-fibens.  It  was  long  ;igo  pointed  out  by  I.eibreich 
that  an  injection  of  water  i»roduccs  ancL-itlicsia,  but  also  causes  pain 
(painful  anesthesia).  Schleich  found  that  injection  of  normal  salt  solu- 
tion produces  no  pain  and  causes  no  anesthesia ;  but  if  0.2  of  a  i  per  cent, 
solution  is  injected  no  pain  is  produced,  but  the  part,  if  uniiillamed, 
becomes  distinctly  anesthetic.  In  order  to  obtain  anesthesia  from  salt 
solution,  the  area  must  be  infiltrated  and  distended.  This  anesthesia  is 
due  to  pres-sure  ami  to  .slight  irritation  of  the  nerves.  Schleich  found, 
further,  that  if  minute  quantities  of  cocain,  carbolic  acid,  and  mor- 
phin  arc  added  to  the  salt  solution,  the  anesthetic  cfTcct  is  greatly 
intensified  and  prolonged,  and  can  be  distinctly  obtained  even  in  inflamed 
tissues. 

The  reason  that  such  dilute  solutions  of  these  drugs  have  a  distinct 
anesthetic  influence  is  because  the  process  of  infiltration  brings  the 
f^uid  into  direct  contact  with  all  the  nervc-fi laments  of  a  considerable 
area.  Schleich  u.ses  one  of  three  solutions,  alt  of  which  are  sterile, 
should  be  recently  made,  and  should  be  cooled  on  ice  just  before 
using. 

Solution  No.  i  is  the  strong  solution,  and  is  used  for  oi>cration» 
upon  inflamed  and  hyperesthetic  areas.     It  is  composed  of — 

TSf  Cocain.  mur..  .20; 

Morph.  mnr.,  .025  ; 

Sodii  chlnr..  .20; 

Aq.  dest..  ad  lOO.oo. 

Sterilize  .solution,  and  add  gtt.  ij  of  5  per  cent,  carbolic  acid 

Solution  No.  2  is  the  one  commonly  employed.    Tliis  consists  of — 

I^  Cocain.  mur.,  .10; 

Morph.  mur.,  .025 ; 

Sodii  chl^^r..  .20; 

Aq.  dest.  ad  100.00. 

Sterilize,  and  add  carbolic  acid  as  above  directed. 

The  third  solution  is  mild  and  employed  for  slight  operations  upon 
nearly  normal  tissues.     It  consists  of — 

"Bf  Cocain.  mur,  .01 ; 

Morph.  mur,  .005 ; 

Sodii  clilor.  .20; 

Aq.  desl..  IO0.oa 

Sterilize,  and  add  airbolic  acid  as  above' directed. 

Mfthod. — An  ordinary  aseptic  hypodermic  syringe  is  employed.  It 
is  well  to  freeze  with  ethyl  chlorid  the  point  of  skin  where  the  needle 
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is  to  be  first  inserted.  In  dealing;  with  a  mucous  membrane,  instead 
freezing  il  sh<.)iitd  be  touched  with  pure  carbolic  acid,  or  with  a  little 
cocain.  If  the  tissues  arc  inflamed,  the  first  injectiou  should  be  made 
in  sound  tissue,  and  the  subsequent  ones  in  inHamed  tissue.  The 
needle  is  inserted  obliquely,  and  Its  entire  length  is  carried  into  the 
Malpighian  layer  (Fig.  180);  a  few  drops  are  forced  out,  and  a  white 


....„j 


,        Fin.  iBa.— The  nyringc-poinl  ilop*  ni  Ih^  papillary  layt 
and  the  fluid  Jodgn  in  the  »kli]  iticK  (Van  tivok). 


FlC.  179. — Showinc;  how  Vhe 
jucceiwivc  wheals  arc  mt«cd,  thr 
poini  of  the  synngc  bein£  In&ertcd 
Bl  ihc  pointit  marked  bv  the  <lo(t 
(Van  Hook). 


Fig.  rSi-^^bowitiK  mode  of  tnj«citiig  the  fluid  and«r  , 
ibsccu  <Vm)  Hook). 


wheal,  looking  like  a  mosquito  bite,  is  formed  fVan  Hook).  The  area 
occupied  by  die  wheal  beccmies  at  once  anesthetic.  At  the  mar^n  of 
the  wheal  the  needle  is  reinserted,  more  fluid  is  forced  out,  and  the 
process  is  carried  on  in  this  way  until  the  required  area  is  infiltrated 
(Fig.  179).  The  skin  will  remain  anesthetic  for  at  least  twenty  minutes. 
If  other  structures  besides  the  skin  require  to  be  anesthetized,  the 
needle  is  pushed  into  the  deeper  tissues  and  they  arc  infiltrated.  Lund 
says  that  the  infiltration  .should  be  around  and  underneath  the  tissues, 
so  as  to  encompass  them  with  artihctal  edema.  Fa.scia,  muscles,  and 
jjeriosleuni  can  be  anesthetized  as  well  as  the  skin  (Van  Hook).  When 
the  anesthesia  is  complete,  the  skin  is  incised  and  the  operation  is  pro- 
ceeded with.  If  a  nerve-trunk  is  exposed,  it  should  be  touched  with 
pure  carbolic  acid  (Schleich).  Ttiere  will  be  very  little  blec-diny,  but  if 
it  becomes  nece.s.san,'  to  clamp  a  vessel  before  applying  the  forceps,  it 
should  be  touched  with  pure  carbolic  acid.  Injections  can  be  made 
into  ati  abscess-wall,  but  are  never  made  into  an  abscess -cavity,  the  sac 
of  a  cyst,  or  the  tissue  of  a  tumor  (Lund).  Tissues  which  have  been 
subjected  to  infiltration  seem  to  have  their  vital  resistance  lessened,  and 
are  more  liable  to  infection  than  arc  non-infiltrated  tissues. 

Eucain. — Kucain  is  used  in  the  same  manner  as  cocain,  and  is 
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extensively  employed  as  a  substitute  for  the  latter.  It  has  great 
advantages.  It  is  decidedly  safer  than  cocnin  ;  a  solution  of  it  can  be 
rendered  sterile  by  boiling,  without  aUcring  tht  composition  of  the 
drug,  and  it  piodiiCL-s  complete  insensibility.  VVIicn  used  in  the  eye  it 
produces  considerable  smarting  and  burning,  and  when  used  in  the 
urethra  and  bladder  may  lead  to  inflammation.  In  a  certain  tuinibcr 
of  cases,  injection  into  the  tissues  cuiscs  persistent  sloughing.  This  is 
particularly  true  in  fatty  tissue,  in  the  matrix  of  the  nails,  in  bursa;,  and 
in  tendon -sheaths.  This  tendency  to  citisc  sloughing  in  sonic  cases  is 
the  only  objection  to  Its  employment,  and  is  apparently  the  only  reason 
why  it  docs  not  completely  displace  cocatn. 


LOCAL  BLOOD-LETTING. 

Bleeding  may  be  practised  for  its  local  effect ;  it  is  then  known  as 
local  bleeding  or  depiction.  It  may  be  cmploxcd  for  its  constitutional 
effect,  and  it  is  then  known  as  phlebotomy  or  venesection.  Local 
bleeding  may  be  carried  out  by  puncture,  by  scarification,  by  leeching, 
or  by  cupping.  In  puncturalion  or  ]iinicturc  many  punctures  arc  made 
through  the  skin,  ami  they  are  not  carried  deeper  than  the  subcutaneous 
tissue.  The  punctures  can  be  made  by  niuans  of  a  tenotome,  a  needle, 
or  a  sharp-pointed  bistoury*.  When  numerous  punctures  are  made,  the 
procedure  is  often  spoken  of  as  multiple  puncture.  Puncture  is  not 
only  useful  in  abstracting  blood  locally,  but  it  also  relieves  tension  in 
regions  of  inflanmiation.  By  scarification  or  incision  we  mean  the 
making  of  many  small  incisions.  These  cuts  may  be  deep.  but.  as  a 
rule,  they  arc  not  carrieii  entirely  through  the  skin.  After  scarification, 
the  application  of  wann  aseptic  fomentations  uill  maintain  the  flow  of 
blood  and  scrum. 

Leeches  are  not  used  as  frequently  as  in  former  days.  Regions 
which  contain  large  amounts  of  loose  cellular  tissue  should  not  be 
leeched.  Such  regions  are  the  prepuce,  the  labia  majora,  the  scrotum, 
and  the  eyelids.  It  is  not  wise  to  leech  the  face,  because  of  the  perma- 
nent scar  which  will  result ;  nor  should  leeching  be  carried  out  near  .spe- 
cific ulcers  or  inflammations,  or  near  a  suijcrficiat  artery,  vein,  or  ner\'e. 
A  leech  is  never  applied  over  the  focus  of  inllammation,  but  is  placed 
between  the  inflammation  and  heart,  or  at  the  peripheri*  of  the  inflam- 
mation. In  epididymitis  the  leeches  arc  applied  over  the  spermatic 
cord,  and  in  ocular  inflammation,  to  the  tempJe.  Before  applying  a 
leech,  the  part  should  be  washed,  and  shaved  If  it  is  hair)'.  If  the 
leech  refuses  to  take  hold,  smear  the  part  with  milk  or  with  a  little 
blood  Place  the  leech  upon  the  surface  umler  a  glass  tube  or  an 
inverted  uine-glass.  A  leech  should  not  he  pulled  off,  but  should  be 
permitted  to  drop  off,  and  it  can  be  caused  to  drop  off  at  any  time  by 
sprinkling  it  with  salt.  After  the  leech  has  dropped  off.  if  we  desire 
the  bleeding  to  continue  for  some  time,  apply  warm  aseptic  fomenta- 
tions. If  bleeding  persists  inordinately,  it  may  be  arrested  by  the  use 
of  styptic  cotton  and  pressure.  A  Swedish  leech  will  draw  from  4  to 
6  drams  of  blood,  the  American  leech  only  about  one-half  this  quan- 
tity.    Ileurteloup's  artificial  leech  is  in  realit>'  a  wet  cup. 

I>ry  Cupping. — A  dry  cup  brings  about  local  depletion  by  draw- 
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ing  blood  from  the  depths  to  the  surface  of  the  body.  Of  course, 
the  use  of  a  dry  cup  no  blood  is  actually  abstracted.  A  cuppin^^-glaal 
is  a  small  glass  which  has  at  Its  top  a  valve  and  a  stopcock.  Such  a 
glass  is  placed  upon  the  skin,  an  air-pump  is  fastened  to  it,  and  as  the 
air  is  exhausted  the  skin  bulges  into  the  cup.  When  the  air  has  been 
exhausted  to  the  required  degree,  the  stopcock  is  closed  and  the  air- 
pump  is  withdrawn,  the  cup  being  left  in  place  for  a  few  minutes. 
When  we  desire  to  remove  the  cup,  the  stopcock  is  opened,  and  tiic 
air  immediately  enters.  Cupping  can  be  done  in  an  emergency  by 
taking  a  tumbler,  placing  in  it  a  piece  of  paper  soaked  with  alcuhnl, 
lighting  this  paper,  and  inverting  the  glass  rapidly  and  placing  it  ujKin 
the  skin.  In  order  to  remove  such  a  glass,  press  the  finger  beneath 
the  edge  of  the  glass  and  raise  it  from  the  skin,  so  that  the  air  will 
enter. 

Wet  Cupping. — lieforc  applying  wet  cups  the  skin  should  be 
sterilized.  .A  dry  cup  is  applied  to  draw  a  considerable  amount  of 
blood  to  a  part ;  the  cup  is  removed,  and  the  skin  is  cut  by  touching 
the  spring  of  a  scarificator — an  instrument  that  contains  numerous 
blades,  which  Hy  out  when  the  spring  is  loo-sened.  After  the  employ- 
ment of  the  scarificator,  the  cup  is  again  applied,  and  is  retained  in 
place  as  long  as  the  blood  continues  to  flow.  Instead  of  applying  the 
scarificator,  a  few  incisions  may  be  made  through  the  skin  by  means 
of  a  scalpel- 
Phlebotomy  or  Venesection. — The  instruments  which  are  neces- 
sary- for  this  operation  arc  a  lancet  or  bistoury,  a  fillet  or  tape,  an  anti- 
septic pad,  and  a  bandage.  The  patient  sits  in  a  chair,  with  the  arm 
abducted,  extended,  and  inclined  a  little  outward.  The  surgeon  stands 
to  the  right  of  the  arm.  the  parts  arc  thoroughly  asepticized,  and  the 
tape  is  tied  around  the  arm  in  order  to  make  the  veins  prominent 
(Fig.  182).  Sonic  surgeons  cause  the  patient  to  grasi»  a  stick 
firmly  and  work  the  fingers,  in  order  to  make  the  veins  swell.  The 
puncture  can  be  made  in  either  the  median  cephalic  or  median  basilic 
vein,  the   mcilian  basilic  being  the  one  usually  selected  {Fig.   183). 
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Fia  183.— Supertclal  veins  In  rranl 
of  dbuM-  ( Bcr&ird  and  HciMtie). 


The  operator  must  be  careful  not  to  cut  completely  through  the  vein, 
because  the  brachial  artery  is  directly  beneath  it.  The  surgeon  steadies 
the  vein  with  the  thumb  and  divides  it  two-thirds  through  by  an  oblique 
cut.     The  thumb  is  removed  and  bleeding  goes  on.     When  the  — ' 
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becomes  faint,  the-  fillel  is  removed,  a  pad  of  antiseptic  gauze  is  placed 
over  the  puncture,  and  a  spiral  reversed  bandajje  of  the  hand  and  fure- 
arm  and  a  figure-of-S  of  the  elbow  are  applied.  The  arm  is  placed  in 
a  sting  and  carried  there  for  several  days,  if  the  individual  Is  extremely 
fat.  or  is  a  child  in  whom  the  veins  in  front  of  the  elbow  cannot  be 
easily  found,  venesection  may  be  practiced  on  the  cxlemal  jugular 
vein.  Sometimes  bleeding  may  be  carried  out  by  opening  the  internal 
saphenous  vein. 

Intravenoas  Injection  of  Saline  Fluid. — Injections  of  saline 
fluid  arc  extremely  uscfid  in  the  treatment  of  shock,  hemorrhage, 
sepsis,  and  suppression  of  the  urine.  The  best  instrument  to  employ 
is  Colin's  apparatus  (Fig.  1S4).  This  consist.s  of  a  bell-shaj>ed  metal 
reservoir  which  has  a  sj'ringe  attached  to  it.  To  the  end  of  the 
syringe  is  fastened  a  rubber  tube,  which  terminates  in  a  metal 
cannula.  Between  the  reservoir  and  the  syringe  is  a  ball  valve, 
which  renders  the  passage  of  air  impossible.  When  the  reservoir 
is  filled  with  fluid.  evcr\'  time  the  piston  of  the  syringe  is  pulled 
out,  ^  ounce  of  the  fluid  passes  into  the  barrel  of  the  syringe; 
and  everj'  time  the  piston  is  poshed  in  ^  ounce  of  fluid  is  pro- 
jected from  the  cannula.  Hefore  using  this  instrument  it  should 
be  carefully  sterilized.  If  Colin's 
apparatus  is  not  at  hand,  a  glass 
funnel  attached  by  a  rubber  tube 
to  an  aspirating  trocar  will  make 
A  ver>'  salisfactoiy  instrument.  As 
a  rule,  the  injection  is  m;ule  into 
the  median  basilic  vein,  but  if  the 
patient  is  much  collapsed  and  the 
veins  are  small,  the  basilic  itself  is 
chosen.  A  tape  is  tied  around  the 
arm  above  the  elbow  to  make  the 
veins  pmminent.  The  surface  is 
sterilized,  an  incision  is  made  over 
the  line  of  the  vein,  and  the  vessel 
is  exposed  to  the  extent  of  about 
an  inch  or  more.  A  catgut  liga- 
ture is  passed  around  the  lowt-r  end 
of  tljc  exposed  portion  «if  the  vein 
and  tied.  A  small  transverse  incision  is  made  in  the  middle  of  the 
exposed  jiortion  of  the  vein,  and  the  cannula,  filled  with  fluid,  is 
introduced  in  the  direction  of  the  heart.  A  catgut  ligature  is  passed 
around  the  portion  of  the  vein  carrying  the  cannula,  and  one  knot  is 
tied.  This  second  ligature  brings  the  vein-walls  into  close  contact  with 
the  cannula  and  prt-vejits  fraking  (Fig.  184).  The  saline  fluid  is  slowlj' 
intrinluccd.  When  a  sufiicient  amount  has  been  given,  the  cannula  is 
removed,  the  second  ligature  is  tied,  the  skin-incision  is  closed  with 
sutures,  and  an  a.scptic  dressing  is  applied  to  the  part. 

Hypodermoclysis.  —  Hyiwdermoclysis    is   the    introduction   of 
saline  fluid  into  the  subcutaneous  cellular  tissue.     The  fluid  can  be 
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introduced  by  means  of  a  fountain  syringe  and  an  aspirating  trocar 
and  cannula.  After  the  skin  has  been  sterilized,  the  trocar  is  plunged 
into  the  subcutaneous  tissue  of  the  loin,  buttock,  scapular  reg[ion,  or 
submammary  region.  The  trocar  is  withdrawn,  the  cannula  being  left 
in  place.  A  fountain  syringe  has  been  previously  filled  with  hot  sterile 
salt  solution  ;  the  tube  of  this  syringe  is  attached  to  the  trocar,  and  the 
reservoir  is  hung  several  feet  above  the  level  of  the  bed.  The  fluid 
runs  in  slowly,  and  absorption  will  be  greatly  facilitated  by  occasion- 
ally rubbing  the  infiltrated  area.  After  about  a  pint  has  been  intro- 
duced, the  cannula  is  removed,  and  the  small  puncture  in  the  skin  is 
covered  with  collodion.  If  the  condition  of  the  patient  is  such  that 
more  than  a  pint  must  be  given,  the  operation  is  repeated  in  another 
region. 

Intrainasctllar  Injections. — These  injections  may  be  used  in 
cases  of  paralysis,  strychnin  being  the  drug  which  is  usually  employed. 
The  limb  is  placed  in  a  position  to  make  the  muscle  tense,  the  needle  is 
pushed  directly  into  the  thickness  of  the  muscle,  and  the  fluid  is  slowly 
introduced. 

Injections  of  Mercury  for  Ssrphilis.— Injections  may  be  made 
into  the  subcutaneous  tissue  of  the  loins,  buttocks,  or  scapular  regions 
(see  Syphilis).  Injections  may  also  be  made  into  the  veins  (Bacelli,  J, 
Ernest  Lane,  Abadie,  and  Lewin),  The  solution  used  is  a  i  per  cent, 
solution  of  cyanid  of  mercury,  20  minims  being  injected  every  day 
or  every  other  day.  A  tape  is  applied  around  the  arm  to  make  the 
veins  in  front  of  the  elbow  prominent.  The  surface  is  sterilized, 
and  the  needle  is  inserted  into  the  most  prominent  vein  and  toward 
the  heart.  The  bandage  is  removed,  the  fluid  is  slowly  injected,  and 
the  hypodermic  needle  is  withdrawn.  Digital  pressure  is  made  over 
the  puncture  for  a  few  seconds. 

Stomach-tube. — The  stomach-tube  is  employed  to  empty  the 
stomach  of  poisonous  material,  to  obtain  the  secretions  of  the  stom- 
ach for  testing,  to  introduce  food,  or  to  wash  out  the  stomach 
(lavage  or  irrigation). 

The  ordinary  stomach-tube  is  made  of  red  rubber,  and  is  about  30 
inches  long  and  f  inch  in  diameter.  It  is  introduced  while  the  patient 
is  sitting  with  his  body  erect  and  his  head  thrown  back.  The  tube 
is  warmed  and  anointed  with  glycerin.  The  surgeon  stands  in  front 
of  the  patient,  introduces  his  left  forefinger  and  the  tube  into  the 
mouth,  and  carries  the  tube  to  the  back  of  the  pharynx  while  the 
finger  directs  it  over  the  epiglottis.  From  the  back  of  the  pharynx  it 
is  carried  gently  into  the  stomach,  the  patient  facilitating  its  passage 
by  making  attempts  to  swallow. 

If  we  desire  to  give  food  through  the  tube,  as  must  sometimes  be 
done  in  cases  of  profound  melancholia,  after  the  instrument  has  been 
passed  into  the  stomach,  a  funnel  is  placed  in  the  free  end  of  the  tube 
and  liquid  food  poured  slowly  into  the  funnel.  For  the  purpose  of 
feeding  an  insane  person  it  is  usually  preferable,  however,  to  carry  a 
small  tube  along  the  floor  of  the  nares  and  into  the  pharynx,  and  pour 


the  liquid  food  into  a  funnel  which  is  attached  to  tlie  free  end  of  the 
tube. 

In  order  to  wash  out  the  stomach  (lavage  or  irrigation),  the  tube 
should  be  60  inches  long  with  a  diameter  of  ^  inch.  One-third  of  the 
tube  is  introduced  as  directed  above.  Lukewarm  water  is  poured  in 
through  the  funnel,  and  is  permitted  to  run  out  by  siphonage ;  the 
process  is  repealed  until  the  water  runs  out  clear. 

Tlic  washing  should  be  practised  before  breakfast,  when  the  .stomach 
is  empty,  except  in  those  cases  in  which  there  are  much  distention  and 
mi.sery  at  night,  and  then  it  should  be  employed  a(  night,  four  hours 
after  supper.  If  much  mucus  is  present,  a  i  per  cent,  solution  of  com- 
mon salt  or  a  3  jx-r  cent,  solution  of  sodium  bicarbonate  should  be 
used  instead  of  lukewarm  water. 

In  cases  of  poisoning,  the  stomach  should  be  waslied  out  as  above 
directed,  anil  the  antidote  can  be  added  to  the  fluid  which  is  introduced. 
Some  physician.s,  however,  still  prefer  to  employ  the  stomach-pumji  in 
poisoning  cases. 

In  order  to  obtain  the  gastric  juice  for  examination,  the  procedure  is 
as  follows:  The  secretion  of  gastric  juice  is  stimulated  by  introducing 
food  iu  the  early  morning,  when  the  stomach  is  empty.  The  patient 
is  given  Kwald's  tesl-Jircakfast,  wliich  consists  of  a  dry  roll  and  |  of 
a  pint  of  tepid  water  or  veiy  weak  tea.  In  one  hour  the  stomach- 
tube  is  introduced.  The  stomach-tube  used  for  this  purpose  has 
an  0|>cning  in  the  end  and  two  lateral  openings.  After  the  tube  has 
been  introduced,  the  contents  of  the  stomach  can  be  extracted  by 
the  use  of  a  syringe  or  pump,  by  the  exi>ansion  of  a  compressed  elastic 
ball  (Mallard),  or  by  Mwald's  "method  of  expression,"  Tn  Hwald's 
method  the  surgeon  makes  abdominal  pressure,  or  the  patient  tries  to 
eject  the  fluid,  and  the  stomach-contents  are  forced  out  of  the  tube. 

The  Rectal  Tube. — ^This  tube  may  be  used  to  withdraw  gas  or  to 
introduce  fluids.  The  instrument  should  be  made  of  soft  rubber,  and 
must  be  used  very  gently.  A  hard  instrument  may  inflict  great 
damage,  and  the  forcible  use  of  any  inslrunicnt  may  be  productive  of 
harm.  In  order  t^i  introduce  a  rectal  tube,  the  patient  is  placed  u|)on 
his  left  side,  and  the  tube  Ls  warmed  and  anointed  with  glycerin.  The 
.lurgeon  introduces  the  greased  index  finger  of  his  left  hand  into  the 
rectum,  using  it  to  direct  the  tube  as  it  is  being  passed  by  means  of 
the  right  hand.  Occasionally,  the  tube  catches  in  a  nuicous  fold  and 
bends  upon  itself.  If  doubling  occurs,  llu'  tube  should  be  withdrawn 
and  introduced  again. 

If  the  surgeon  desires  to  introduce  fluid  into  the  intestine,  the  pro- 
jecting end  of  the  tube  is  attached  by  means  of  a  large  piece  of  rubber 
tubing  to  a  fountain  syringe  or  a  reservoir  bottle,  and  fluid  is  allowed 
to  run  into  the  rectum  by  the  influence  of  gravity. 

In  order  to  treat  intussusception  by  inflation,  the  |>atient  is  anes- 
thetized, a  tube  is  inserted  into  the  rectum,  the  outside  of  the  lube 
around  the  anus  being  packed  with  cotton,  which  is  held  by  an  assist- 
ant. This  tube  is  connected  by  means  of  a  rubber  tube  with  a  pair  of 
bellows.  The  child  is  inverted,  and  the  bellows  arc  worked  slowly 
(T.  Hckcring  Pick). 
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Intussusception  may  be  treated  by  hydrostatic  pressure.  The 
patient  is  prepared  as  for  inflation.  A  fountain  syringe  filled  with  warm 
normal  salt  solution  is  raised  3  feet  above  the  bed  after  being  attached 
by  means  of  a  long  tube  to  the  rectal  tube.  In  an  infant  of  less  than 
one  year  of  age,  not  over  r^  pints  can  be  introduced  with  safety.  The 
fluid  is  allowed  to  remain  in  the  intestine  for  five  or  ten  minutes  and  is 
then  permitted  to  run  out. 

In  order  to  give  an  enema,  employ  an  ordinary  fountain  syringe, 
The  nozzle  should  be  introduced  just  within  the  sphincter.  Great 
gentleness  should  be  employed,  because  injury  may  be  done  to  the 
rectum  by  a  careless  person.  It  is  better  not  to  employ  a  hard  nozzle 
at  all,  the  portion  of  the  tube  which  enters  the  rectum  being  of  soft 
rubber.  Such  a  tube  is  introduced  as  directed  above,  and  the  fluid  is 
permitted  to  flow  in  slowly.  Glycerin  can  be  injected  by  means  of  an 
ordinary  syringe. 

A  nutritive  enema  can  be  injected  into  the  rectum  by  means  of  an 
ordinary  syringe,  or  thrown  in  by  a  fountain  syringe.  A  nutritive 
enema  should  never  be  bulky ;  a  considerable  amount  of  fluid  will  be 
almost  certainly  expelled,  and  Jij  is  an  amount  which  should  not  be 
exceeded. 


CHAPTER    XIV. 


ANESTHETICS   AND  SURGICAL   ANESTHESIA. 


THE  PHARMACOLOGY  OF  ANESTHETICS. 

The  iliffereiuiatioii  of  narcotics  into  anesthetics  and  hypnntics  is 
based  mainly  on  practical  grounds,  and  is  not  a  strict  one.  A  sub- 
stance may  be  used  in  one  case  to  abolish  the  sensation  of  pain — that 
is,  as  an  anesthetic,  and  may  serve  in  another  case  to  induce  sleep,  as 
a  hypnotic. 

Moreover,  the  anesthesia  may  be  a  general  one,  if  prochtced  by 
influence  on  the  central  nervous  system,  or  only  localized,  if  the  periph- 
eral sensory  nerve -endinjis  arc  directly  acted  upon.  In  the  present 
chapter  we  shall  consider  only  briefly  the  pharmacology  of  substances 
used  in  surgery  to  produce  genend  inscnsibihty.  This  siu^cal  anes- 
thesia is  characterized  by  loss  of  consciousness,  loss  of  sensibility,  and 
muscular  relaxation. 

Qirite  a  inimber  of  chemical  substances  or  their  mixtures  have  been 
tried  for  this  purpose  since  surgical  anesthesia  was  first  practically 
demonstrated  by  Morton— now  over  fifty  years  ago.  All  the  sub- 
stances which  have  been  employed  to  induce  a  more  or  less  marked 
genera!  anesthesia  arc  volatile  at  ordinar>'  temperatures.  Their  vapors, 
mixed  wth  air,  are  inhaled,  and  in  lime  produce  in  the  subject  experi- 
mented on  the  characteristic  conditions  which  constitute  surgical  anes- 
thesia. How  are  those  efpL-cts  producett?  Many  hypntheses  have 
been  brought  forwartl  to  throw  light  up<m  this  question,  but  the  true 
causation  of  anesthesia  still  remains  unknown. 

From  ihc  tint,  nnuthesia  wa.<>  thought  lo  be  pmduced  bjr  tn  indirect  influence  upon  ihc 
central  nervous  st-bIcdi.  t'aurc  belictiHl  Ihnt  narcosis  was  due  lo  slimulntioii  of  the  vagi, 
followed  by  cesuuion  of  the  pulmoniiry  circulation  and  cocmuUiian  of  the  blood  in  the  pul- 
mtmic  system.  He  believed  that  ibe  chlorofona  did  ooi  enter  At  all  into  the  blood.  Dicu- 
lafoy.  Kriihaber,  and  Claude  liemartl  repudiair<l  this  theory.  Snow  Helieved  ih«i  the 
prriiihcral  »entoiy  nerves  were  m.irlc  in^-n»i1:>lc  hy  ("Iil*>ro(orni,  and  lh.it  the  central  ncrvou* 
f^ystcm  played  no  \tan  in  general  anesilieNJa.  Clnude  Iti-niaril  nhnweil  thai  the  iheory  thai 
DArcosis  was  due  Co  circulatory  chfinucn  in  the  brain  wa^  incoacci.  lie  proved  thai  anemia 
at  the  bmin  was  not  \be  cause  vt  narrtm*,  IniC  only  llie  ^csjtiel  of  it.  Ijiler.  nanxist^  pro- 
duced by  chemical  subo.-incev  wns  lhoU|[ht  lo  be  due  to  an  impairment  of  oxidation,  and  to 
be  more  or  lea*  tdenlificd  with  anphyxiu.  It  was  believed  that  through  ihe  influence  of 
chlorofonn  or  other  narcotics  ihe  normal  oxidation-power  of  (he  red  blood -corpuscles  wis 
interfered  with  by  iheir  jwrlial  licMriicti'jn,  mnil  thai  iiarcosio  wax  Ihe  reralt 

Boettcher  has  shown  thai  chlorofrmn  dissolves  red  hloDd-carpu«clef  in  ihe  presence  of 
atmoRpheric  air.  And  Bonweich  noticed  thai  oxyhemogloblD  does  not  oxidize  cenain  tub- 
slanrps  in  Ihc  ptcaenccof  chlumri>rm,  which  otherwise  would  beoxidlfed.  These  nbser* 
vationt  have  been  made  only  u|ion  blood  (jutiiilc  the  body,  never  while  circulating  in  the 
fystem.  If  ihe  red  corpuscles  were  dissolved  daring;  narcoiirauon.  hemoglobinuria  would 
inevitably  be  the  ier|tiel  ;  hut  inich  <-han|;e-t  In  the  urine  do  not  take  place.      Thai  the  effiKt 

f)roduced  by  anestlietics  is  not  dependent  upon  changes  in  Ihe  red  blood -coqiuscles  haa 
•ren  proven  bcytmd  doubt,  I,ewi%w>n  shownl  that  a  fni^  whnv  lilixxl  was  rrptared 
by  (alt  solution  can  be  narciniied  quite  as  well  as  a  normal  froc,  only  ihe  proce«  lakes  a 
longer  (ime.     Animals  williuat  red  blood  are  alTecled  by  anesthetics  in  llie  Name  way  as 
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those  that  have  red  blood.  Even  plants  may  be  anesthetized  (Marcet).  That  anesthesia 
produced  by  narcotics  is  not  caused  by  asphyxia  was  first  shown  by  Claude  Bernard.  He 
showed  that  cerebral  circulation  was  not  the  same  in  narcosis  as  in  asphyxia.  That  respi- 
ration is  also  different  in  the  two  cases  was  demonstrated  by  Knoll.  In  recent  years  the 
same  author,  in  collaboration  with  M.  Pick,  has  even  demonstrated  that  the  type  of  return- 
ing respiration  in  resuscitation  after  ordinary  asphyxia  ditTers  from  that  which  follows  stop- 
page of  respiration  in  anesthesia. 

Through  the  experimental  researches  of  Claude  Bernard,  Flourens, 
Hitzig,  Bernstein,  and  others,  it  has  been  proved,  and  is  now  generally 
accepted,  that  narcosis  due  to  anesthetics  is  produced  by  a  specific 
action  of  these  substances  on  the  central  nervous  system,  and  that  the 
blood,  or,  in  the  case  of  plants,  the  circulatory  nourishing  fluid,  acts 
only  as  the  carrier  of  the  anesthetic.  How  this  specific  action  on  the 
central  nervous  system  is  produced  still  remains  a  mystery. 

Claude  Bernard  thought  that  the  nerve-cells  were  reduced  under 
the  influence  of  narcotics  to  a  state  of  "  semi-coagulation  ; "  Binz  treated 
parts  of  the  brain  directly  with  narcotics,  and  noticed  changes  in  the 
nerve-cells.  These  views  are  very  interesting,  but  they  have  not 
enlightened  us  as  to  the  real  cause  of  the  production  of  narcosis. 
Whether  this  will  ever  be  done  is  doubtful,  for  the  changes  in  the 
nerve-cells  produced  by  anesthetics  must  be  only  temporary,  or,  if  I 
may  say  so,  functional,  and  not  organic.  Otherwise  it  would  be  impos- 
sible to  understand  how  the  normal  functions  of  the  central  nervous 
system  may  be  so  quickly  restored  when  the  anesthetic  is  removed  and 
uncontaminated  air  is  inhaled.  In  short,  we  know  only  that  general 
anesthesia  is  produced  by  the  action  of  an  anesthetic  upon  the  central 
nervous  system ;  the  process  itself  is  unknown.  To  produce  general 
anesthesia,  the  narcotic  must  be  taken  up  by  the  blood,  or,  in  the  case 
of  plants,  by  the  circulating  fluid  (Arloing).  With  animals,  the  only 
practical  way  is  by  inhalation.  Intravenous  injections,  administration 
by  the  mouth,  subcutaneous  or  intramuscular  injections,  or  rectal 
administration  (Abner  Post  and  Bull)  of  the  anesthetics  all  produce  a 
varying  amount  of  narcosis  after  the  substance  has  been  taken  into  the 
circulation;  but  none  of  these  methods  has  any  real  advantage  over 
inhalation.  In  most  of  them  the  local  irritant  action  of  the  anesthetic 
is  generally  more  marked,  and  besides,  a  proper  regulation  of  the 
absorption  is  more  difficult.  The  local  irritant  properties  of  all  anes- 
thetics must  be  strictly  separated  from  their  general  effects.  As  a 
result  of  this  local  irritation,  increased  salivation  and  bronchial  secre- 
tion are  to  be  observed  wlien  an  anesthetic  is  inhaled.  Besides  this 
local  action,  a  reflex  effect  may  be  observed,  especially  in  rabbits.  As 
soon  as  such  an  animal  inhales  the  first  whiff  of  ether,  respiration  and 
circulation  cease  immediately,  to  begin  again  after  a  few  seconds.  This 
sudden  cessation  of  respiration  and  circulation  is  due  to  reflex  stimula- 
tion of  the  trigemini  and  the  superior  laryngei ;  it  does  not  occur  if 
both  trigcniini  are  cut,  and  is  less  marked  when  thcjaryngei  are  sev- 
ered (F.  Franck).  This  same  sudden  standstill  of  respiration  and  cir- 
culation is  said  to  occur  also  in  human  beings,  especially  with  ether, 
and  the  sudden  death  sometimes  observed  at  the  beginning  of  narcosis 
is  thus  explained.  But  this  reflex  effect  produced  by  ether  and  some 
other  narcotics  is  by  no  means  a  peculiar  property  of  these  substances, 
for  other  irritants,  such  as  ammonia,  produce  the  same  phenomenon. 
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As  soon  as  tlic  anesthetics  have  passed  the  primary  respiratory 
channels,  they  enter  the  lungs,  -avm  there  absorbed  by  the  blood,  and 
by  way  of  the  left  ventricle  ;ire  distributed  through  the  whole  budy. 
It  is  only  then  that  the  general  or  consttLiitiimal  cHect  of  the  narcuUc 
is  produced.  The  laws  governing  the  absorption  of  anesthetics  from 
the  lungs  are  of  the  utmost  theoretical  and  practical  importance.  It  is 
to  Paul  Bert  that  we  owe  most  of  our  knowledge  on  this  point.  From 
his  experiments  he  deduced  the  fundamental  law  tliat  the  absorption  of 
the  anesthetic  and  the  proportion  which  is  retained  in  the  blood  and 
system  arc  dependent  on  ])urely  physical  facts,  other  things  being  equal 
in  the  condition  of  the  subject  narcotized.  Tlic  intensity  of  action 
depends  on  the  partial  tension,  or  the  volume  per  cent,  of  the  anes- 
thetic— that  is,  on  the  fixed  quantity  of  the  narcotic  contained  in  the 
inspired  air.  From  a  certain  mixture  of  an  anesthetic  the  blood  con- 
tinues to  absorb,  until  the  partial  tension  of  the  anesthetic  in  the  blood 
is  equal  to  its  partial  tension  in  the  air  inhaled.  If  inhalation  is  con- 
tinued, the  blood,  and  therefore  the  subject  under  narcosis,  cannot  take 
up  a  greater  proportion  of  the  anesthetic  than  is  contained  in  the  air 
inspired.  If  a  new  mixture  of  air  with  a  higher  partial  tension  i.s  now 
used,  the  blood  will  again  absorb  more  of  the  narcotic,  until  equilibrium 
is  re-established  between  the  partial  tension  of  the  gas  in  the  blood 
and  the  gas  in  the  air  of  inspiration.  Since  only  the  quantity  of  a 
poison  actually  circulating  in  the  system  acts  as  poison,  the  intensity 
of  action  of  an  anesthetic  will  depend  not  only  on  the  total  quantity 
employed,  but  on  its  partial  tension  in  the  air  inhaled.  The  quantity 
of  an  anesthetic  used  in  a  narcosis  is  therefore  no  real  indicator  of  the 
condition  of  the  subject  during  narcosis.  A  small  quantity,  if  inhaled 
in  concentrated  form — tliai  is,  under  a  liigh  partial  tension — -will  act 
much  more  vigorously  ihaii  a  larger  quantity  more  diluted  with  air. 
The  law  of  |>artial  tensions  guides  the  study  of  the  physiological 
ertecls  of  anesthetics  and  the  determination  of  the  best  possible  con- 
dition for  producing  anesthesia. 

Thiu.  Spcn«r  found  (hat  animil*  csperimcniw!  on  were  not  narcotitcd,  even  afier  ttwi 
boun,  if  ihc  iiihaltTtl  ai.r  conuiord  only  1. 5  vul.  per  cent,  ctlirr  ;  if  ihr  air  ccmuiC'^  3.5 
»oI.  per  tcm.  eihct,  tlie  resulting  narcosis  was  si  ill  inmmpleie.  Wtih  1.19-3.62  vol.  percent. 
ether,  cuniplctv  natctMis  was  obtained  in  rabbits  and  cats  in  cwcniyiivc  minutes.  Narcosa 
ccia1<l  be  ntaintaincd  for  hours  without  any  hannful  influrnL-es  i)|miii  rcspiiniioii  ar  L-jnTDlation. 
Paul  Bert,  and  recenlly  Dr<»er,  had  alrMdy  uwd  wch  graduated  oiixtunf*  of  aneOhetics 
and  air  to  prvduce  lurvoais  iu  huntan  »ubjcctit  with  ^«tA  rr%ult«.  M.  Kn»cnfHd  made 
timilar  evprrim^ntx  with  cUIi^roform  upnn  rabbits.  I[c  found  ibat  in  using  chl»Tofonn  of 
0.96-I-ot  vol.  per  lent.,  rabbil.i  cuuld  be  kepi  narcoliieil  fur  Ixiur*  willioul  n-spiratury 
sUndsiitl.  With  hii^her  perccntaijcs  standstill  occurred,  and  with  lower  pcnreniages  nar- 
cosia  wa>  incomplete. 

Anesthetics  are.  as  we  have  already  stated,  absorbed  from  the  lungs 
by  the  blood,  but  they  arc  not  present  simply  in  solution.  v\t  least, 
this  is  not  the  case  with  chloroform.  Schmiedcbcrg  supimscd  that  the 
chloroform  entered  into  a  kind  of  combination  with  certain  substances 
of  the  bloiHl.  and  was  thus  transported  into  the  different  parts  of  the 
system.  Pohl  has  recently  liemonst rated  that  the  chlorof<irm  is  loosely 
combined  with  the  moqihological  elements  of  the  blond.  He  found 
that  during  narcosis  the  red  corpuscles  contained  more  chloroform 
than  the  scrum ;  but  this  combination  of  red  corpuscles  and  chloroform 
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is  a  very  loose  one,  for  all  the  chloroform  may  be  separated  by  a  stream 
of  air.  The  effects  of  all  anesthetics  upon  the  circulation  are  more  or 
less  marked.  As  is  very  well  known,  chloroform  is  a  much  more  pow- 
erful depressant  than  ether.  The  effects  upon  the  circulation  are  due 
to  the  direct  action  of  the  anesthetic,  partly  upon  the  heart  and  partly 
upon  the  vessels.  The  action  upon  the  heart  consists  in  a  direct  paral- 
ysis of  the  motor  ganglia ;  as  a  sequel,  the  heart-beat  will  be  less  vig- 
orous, and,  if  the  paralysis  is  complete,  the  heart  may  come  to  a  stand- 
still even  before  respiration  stops.  Such  a  condition  may  be  observed 
both  in  human  beings  and  in  the  lower  animals. 

The  direct  influence  upon  the  heart-muscle  has  been  recently  studied  by  Dieballa  on  the 
isolated  frt^'s  heart.  He  compared  the  quantitative  actions  of  difTcrent  narcotics,  uang 
these  substances  in  their  molecular  proportions.  He  found  in  the  main  no  qualitative  differ- 
ence in  the  action  of  the  narcotics  used.  According  to  the  concentration  of  the  narcotic,  he 
observed  a  weakening  of  the  heart's  action,  more  or  less  distinct  arhythmia  of  the  move- 
ments, and,  with  larger  doses,  a  diastolic  standstill  of  the  heart.  He  never  observed  an 
increased  action  of  the  heart  under  any  narcotic.  In  certain  stages,  especially  in  (he  begin- 
ning of  narcosis,  he  found  an  increase  of  pulse-volume ;  in  others,  the  number  of  heart- 
beaU  was  increased.  Either  symptom,  however,  does  not  in  itself  constitute  an  increased 
action  of  the  heart.  The  total  work  of  the  heart  done  in  a  given  time  must  be  taken  into 
consideration,  and  an  experimental  proof  that  ether  really  does  increase  the  absolute  work 
of  the  heart,  as  is  often  claimed  by  clinicians,  is  still  wanting. 

From  Dieballa's  comparative  studies  of  different  narcotics  we  learn, 
as  was  already  generally  admitted,  that  chloroform  is  the  most  power- 
ful heart-poison  of  all  the  narcotics.  The  isolated  frog's  heart  was 
brought  to  a  standstill  by  a  solution  of  chloroform  containing  0.126 
per  cent.  To  produce  the  same  effect,  ethyl  bromid  had  to  be  used  in 
12  times,  ether  in  48,  and  alcohol  in  192  times  stronger  molecular  con- 
centration. Besides  the  direct  paralyzing  effect  of  narcotics  on  the 
heart-muscle,  the  vasomotor  centers  are  also  affected.  As  a  result  of 
the  decrease  of  the  heart's  action  and  the  dilatation  of  the  arteries,  we 
see  during  narcosis  a  constant  fall  of  blood-pressure  of  an  amount  vary- 
ing with  the  substance  used.  For  chloroform  it  is  very  characteristic, 
much  less  so  for  ether. 

As  to  the  pharmacological  action  of  narcotics  upon  the  central 
nervous  system,  a  general  rule  may  be  laid  down  that  the  cerebrum  is 
first  paralyzed,  then  the  spinal  cord,  and  lastly  the  medulla  oblongata. 
It  is  characteristic  of  a  typical  narcosis,  at  least  in  animals,  that  the 
respiratory  center  is  last  paralyzed,  and  that  death  is  due  to  respira- 
tory standstill.  The  majority  of  experimenters  admit  this  general  rule. 
Clinical  e.xpericnce,  however,  has  shown  us  many  cases  of  death  under 
anesthetics,  due  to  a  primary  standstill  of  the  heart;  controversy  on 
this  point  is  still  .sometimes  very  strong.  That  a  primary  standstill  of 
the  heart  may  be  the  cause  of  death  may  easily  be  explained  by  the 
direct  action  of  narcotics  upon  the  heart-muscle.  The  temperature 
falls  durinj^  anestliesia.  This  is  mainly  caused  by  a  lessened  heat 
production  from  the  diminislied  muscular  activity  and  is  partly  due  to 
an  increased  output  of  heat,  because  of  the  dilated  superficial  vessels. 

The  general  and  gradual  way  in  which  narcotics  paralyze  the  cen- 
tral nervous  system  has  been  given  above,  but  the  different  narcotics 
show  marked  individual  differences  in  their  effects.  Chloroform  and 
ether  act  more  or  less  in  the  same  way.  With  ethyl  bromid  sensation 
is  abolished  very  soon,  but  respiration  stops  almost  as  soon  as  reflexes 
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disappear.  Such  individual  differences  exist  for  pentanc,  or  amylene,  as 
it  was  formerly  called,  for  mctliytenc  chlorid,  cthyk-ne  chlorid,  and  all 
the  other  narcotics  that  have  been  tried.  For  nitrous  oxid  it  is  charac- 
teristic that  complete  surgical  anesthesia  is  possible  under  ordinary  cir- 
cumstances only  when  atmospheric  air  is  shut  off!  The  individual 
characteristics  of  each  of  the  narcotics  influence,  of  course,  its  prac- 
tical use.  Some  may  therefore  be  safely  used  in  minor  surger>',  which 
would  be  absolutely  useless,  or  even  dangerous,  for  major  operations. 

In  concluding,  the  writer  would  like  to  draw  attention  to  the  so-called 
postnarcotic  changes  produced  by  anesthetics.  Hy  long-continued  use 
of  chloroform,  fatty  degeneration  of  internal  organs  has  been  caused 
(Sacnger,  Ungar,  Junckcr,  Frankel,  etc.);  and  death  occurring  after 
successful  narcosis  and  operation  h;is  been  attributed  to  tl\esc  clianges. 
Recently,  W.  Selbach  studied  the  after-effects  of  long- protracted  ether 
narcosis.  He  found  that  ether  could  be  regarded  as  causing  almost  no 
fatt>'  degeneration,  Dreser  found  after  ethyl-fjromid  narcosis  a  con- 
stant excretion  of  bromin  in  the  ifrinc  hours  after  the  subject  had 
recovered  from  the  narcosis.  He  feels  inclined  to  believe  that  ethj'l 
bromid  is  persistently  retained  in  the  system  and  possibly  transformed 
into  a  more  poisonous  substance.  He  explains  thus  the  accidents 
which  may  happen  after  cthyl-bromid  narcosis  has  been  successfully 
accomplished.  Dreser's  observations  give  us  one  more  proof  of  the 
greater  toxicity  of  narcotics  containing  halogen. 

SURGICAL  ANESTHESIA.  GENERAL  AND  LOCAL. 

An  anesthetic  is  an  agent  that  abolishes  sensation.  It  may  be 
general  or  local.  The  former  aflTccts  the  entire  system,  and  produces 
unconsciousness ;  the  tatter  affects  only  that  part  of  the  body  to  which 
it  is  directEy  applied.  .Anesthesia,  the  state  produced  by  an  anesthetic, 
may  be  primary  or  complete.  The  former  Ixsts  but  a  few  moment**, 
while  the  latter  may  be  prolonged  indefinitely,  at  the  will  of  the  anes- 
thetizer.  The  conditions  of  life  or  state  of  health,  as  regards  age, 
injury,  or  disease,  are  few  in  which  a  judicious  use  of  ancstlieties  may 
not  safely  be  resorted  to  with  benefit  in  case  of  necessity. 

General  Anesthesia. — (lencral  surgical  anesthesia  was  derpon- 
stratcd  in  public  for  the  first  time,  and  thus  became  an  established, 
practical  fact,  at  the  Massachusetts  General  Hospital  on  Friday, 
October  16.  1846.  The  drug  used  upon  tlial  occasion  was  sulphuric 
ether.  The  administrator  was  William  T.  G.  Morton.  The  operator 
was  John  C.  Warren.  The  oi>eration  was  the  removal  of  a  v;lscu- 
lar  tumor  from  the  neck.  It  is  a  singular  fact  that  during  half  a 
centurj-'s  experience  with  anesthetics  no  safer  or  better  agent  for 
general  use  has  been  discovered ;  and  furthermore,  that  the  method  of 
admini.stration  by  means  of  the  cone  adopted  in  the  early  days  of 
anesthesia  is  still  in  vcr^'  general  use,  and  is  perhaps  more  commonly 
employed  than  any  other  special  method. 

The  principal  general  aneithetics  are  ether,  chloroform,  and  nitrous 
oxid  gas.  Various  mixtures  and  combinations  of  these  agents  with 
each  other,  with  alcohol,  and  with  other  substances  have  been,  from 
time  to  time,  suggested.      Hichlorid  of  methylene,  bromid  of  ethyl, 
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pental,  and  other  drugs  have  been  employed,  but  none  of  them  has 
gained  the  confidence  of  any  considerable  proportion  of  the  profession. 
The  two  principal  anesthetics  the  world  over  are  ether  and  chloroform. 
The  former  is  in  general  use  in  the  northern,  middle,  and  western  parts 
of  this  country,  while  in  the  southern  portion  and  in  most  foreign  coun- 
tries chloroform  is  the  iavorite.  The  fact  that  ether  is  the  safer  of  the 
two  agents  is  everywhere  slowly  but  surely  being  recognized,  and  as  a 
result,  its  use  is  becoming  more  general  than  heretofore.  Bichlorid  of 
methylene  was  used  to  some  extent  in  England  at  one  time,  especially 
by  Spencer  Wells.  The  agent  used  by  him  under  this  name  was  com- 
posed of  4  parts  of  chloroform  and  i  part  of  methylic  alcohol.  The 
effects  were  practically  the  same  as  those  of  chloroform,  even  including 
the  fatalities.  Various  compounds,  such  as  mixtures  of  chloroform  and 
ether,  have  been  sold  under  that  name,  while  the  genuine  chemical, 
bichlorid  of  methylene  {CjHjCIj),  is  devoid  of  anesthetic  properties. 
For  these  reasons  alone,  this  agent  may  very  properly  be  considered  as 
being  unworthy  of  further  attention.  Bromid  of  ethyl  (not  ethylene, 
which  is  a  very  dangerous  agent)  resembles  nitrous  oxid  in  the  prompt- 
ness with  which  the  patient  passes  under  and  out  of  its  influence.  The 
effect  of  the  drug  disappears  in  a  few  moments  after  the  inhalation  is 
stopped,  leaving  the  subject  in  his  usual  condition.  From  the  fact  that 
several  deaths  have  occurred  from  its  use,  and  also  that  it  is  rather 
unstable,  being  changed  by  exposure  to  light  and  air  to  a  dangerous 
compound,  this  agent  will  never  supplant  the  older  and  more  reliable 
anesthetics. 

Various  anesthetic  mixtures  have  been,  and  are  now,  used  to  a 
limited  extent  all  over  the  world.  The  most  common  one  is  the 
A.  C.  E.,  or  "  Ace  of  Spades  "  mixture.  It  is  composed  of  alcohol, 
I  part;  chloroform,  2  parts;  and  ether,  3  parts,  by  measure.  The 
"  Vienna  mixture "  is  composed  of  i  part  chloroform  and  6  parts 
ether.  The  use  of  the  various  mixtures  of  anestlietic  agents  has  never 
met  with  the  approval  of  any  considerable  proportion  of  the  profession, 
for  the  reason  that  their  advantages  over  the  single  drugs  are  not  suf- 
ficiently pronounced  and  decisive  to  lead  to  their  adoption. 

Sulphuric  ether,  the  safest  and  best  anesthetic  yet  discovered  for 
ordinary  surgical  work,  is  made  from  sulphuric  acid  and  alcohol.  Ab- 
solute ether  has  a  specific  gravity  of  .718  at  a  temperature  of  59°  F., 
while  that  used  for  anesthetic  purposes  has  a  specific  gravity  of  .725 
at  the  .same  temperature.  It  is  clear,  colorless,  and  very  volatile; 
it  has  a  pungent  odor,  and  should  leave  no  residue  whatever  upon 
evaporation.  Ether  should  remain  clear  on  adding  a  Httle  oil  of 
copaiba.  This  drug  is  best  kept  securely  corked  in  tin,  and  in  a  cool, 
dark  place.  The  vapor  is  more  than  two  and  a  half  times  as  heavy-  as 
atmospheric  air  (sp.  gr.  2.58),  while  that  of  chloroform  is  a  little  more 
than  four  times  as  heavy.  The  fact  should  be  constantly  borne  in  mind 
that,  owing  to  the  inflammable  nature  of  ether  and  its  rapid  vaporiza- 
tion, much  tlie  larger  proportion  of  the  vapor  falls  rather  than  rises. 
The  slight  amount  of  danger  to  be  apprehended  from  the  ignition  of 
ether  is  shown  by  the  fact  that  for  more  than  thirty  years  the  night 
surgery  at  the  Boston  City  Hospital  has  been  done  under  a  six-light 
chandelier  not  over  3  feet  above  the  patient's  head,  and  no  accident  of 
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this  sort  has  ever  occurred  in  consL-qucncc.  Accidents  from  ignition 
nf  ether  arc  rare,  easily  prevented,  and  should  not  militate  in  the  least 
degree  against  its  use. 

Circumstances  permitting;,  there  are  certain  precaiilions  to  be  taken 
before  pivinfj  ether.  The  stomach  should  be  empty,  to  avoid  vomiting 
in  the  early  stages  of  anestliesia.  For  this  reason  it  is  well  for  the 
patient  to  abstain  from  all  solid  food  and  from  milk  for  at  least  six  hours 
previously.  A  little  bouillon,  clear  soup,  or  coffee  may  be  taken  a  couple 
of  hours  before  the  inhalation  ;  and  in  weak  or  exhausted  people  a  little 
stimulant  should  be  given  by  mouth  or  rectum  shurtly  before  the  anes- 
thetic. Another  excellent  plan  in  such  ca-scs  is  to  give  from  -j',  to  \ 
gr.  (gm.  .005-.008)  of  morphin  sulphate  under  the  skin,  just  prior  to 
the  ether.  It  steadies  the  ner^'ous  system,  fortifies  the  anesthetic,  and 
controls  the  pain  to  a  certain  extent  when  the  eft'ects  of  the  ether  pass 
away,  thereby  in  some  instances  preventing  the  vomiting,  a  reflex 
symptom  depending  oftentimes  upon  the  pain.  The  bowels  and  blad- 
der should  also  be  emptied,  the  former  by  means  of  an  enema,  and  the 
latter  by  a  catheter,  if  necessary.  The  patient  should  be  dressed 
warmly  and  loosely  about  the  neck  and  waist,  to  allow  of  free  circu- 
lation and  respiration.  Great  care  should  be  taken  throughout  tfic 
period  of  unconsciousness  to  preserve  the  patient's  body-heat,  as  this 
is  one  of  the  principal  factors  in  the  prevention  of  shock.  Whatever 
anesthetic  is  selected,  it  should  always  be  given  in  the  presence  of  a 
third  person,  in  order  that  the  anesthetist  may  thereby  receive  any 
assistance  necessary,  and  also  that  no  unjust  accusation  may  be 
brought  against  him  afterward  by  female  patients.  Neglect  of  this 
rule  has  brought  unmerited  disgrace  upon  more  than  one  innocent 
man  in  the  past,  by  rCason  of  erotic  delusions,  which  arc  occasionally 
present  under  the  narcotic.'  It  is  his  duly  lu  tluis  protect  himself,  as 
well  as  the  patient  and  her  frientis. 

Mode  of  Aiiministratuni.~\  great  many  different  inhalers  for  giving 
ether  have  been  devised  from  time  to  time,  but,  aside  from  economy  in 
the  amount  of  the  drug  consumed,  they  are  of  comparatively  little  use. 
Good  judgment  and  a  thnrnugh  knowledge  nf  the  process,  derived 
from  a  projjer  training  an<i  experience,  are  the  prtnci^ial  requisites  of  a 
good  etherizer,  and  no  form  of  apparatus  yet  devised  can  take  the  place 
of  these  attributes.  As  a  rule,  more  skill  and  care  are  required  in  the 
use  of  the  inhalers  than  in  that  of  tltc  cone  and  its  modifications.  The 
closed  inhalers  arc  pernicious  from  tlie  fact  that  the  air  is  breathed  os'^x 
and  over  again,  becomes  loaded  with  carbonic  acid,  and,  at  times,  is  apt 
to  be  loo  heavily  charged  with  the  narcotic,  thereby  producing  cyanosis 
and  other  unfavorable  symptoms.  While  these  objections  are  less 
applicable  to  the  0|>en  inhalers,  yet  both  kinds  are  often  so  compli- 
cated or  inefficient,  without  compensating  advantages,  that  they  have 
not  received  the  general  approval  of  the  profession. 

Special  inhalers  naturally  find  tlieir  chief  field  of  usefulness  in  hos- 
pitals, where   large  amounts  of  ether  arc   consumed.'     With  a  good 

■  A  dentist  in  Englam)  wns  Mr<ni!>cU  by  a  wutoaa  of  critmiul  kshiuIi  while  she  ms  timlef 
thcinllactKC  of  ililorofcwm,  olibniigh  h«T  father,  fnoth«r,  a  plipician,  and  lliedciiiisiS  «§&)«- 
ant  werepccsenl  itonng  Uic  cnlirt  perioil  trf  i»arco»i«  (Tuntbull,  v<rfj(fW.»/^wrt/A^/w.  p.  5J4). 

'  'II1C  COM.  M  wtiolcnlc  pricr,  ur  ihr  eihcr  ut«d  at  the  BostoD  City  Hospital  in  1896 
was  aboul  fsjoo. 
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inhaler  a  skilful  etherizer  can  save  from  30  to  50  per  cent,  in  the 
amount  of  drug  required  to  accomplish  the  same  work,  as  compared 
with  the  ordinary  cone. 

Of  the  numerous  inhaleni  which  have  been  brought  out  from  time  to  time,  mention  may 
be  made  of  Clover*  s,  Ormsby's,  and  Leute's  as  examples  of  the  closed  varieties,  and  ofAUis's 
and  Blake's  as  types  of  the  open  kind.  The  Utter  open  inhaler,  now  in  use  at  the  Boston 
City  Hospital,  is  satisfactory  from  the  fact  that  it  is  simple,  cheap,  easily  used  and  cleansed, 
and  accomplishes  all  that  can  reasonably  be  expected  of  any  inhaler.  It  is  a  truncated, 
somewhat  flattened  tin  cone,  with  an  inflated  rubber  rim,  and  a  wire  frame  inside,  about 
which  is  wrapped  a  little  ordinary  gauze  to  hold  the  ether.  This  cone  is  readily  cleansed  by 
simply  running  hot  water  through  it  and  putting  in  fresh  gauze.  With  this  apparatus  a 
careful  and  skilful  anesthetizer  need  not  use  over  half  the  amount  of  ether  that  he  would 
with  the  ordinary  napkin  cone. 

From  the  earliest  days  of  modern  anesthesia,  the  most  common 
method  of  administering  ether  has  been  upon  a  towel  folded  in  the 
shape  of  a  bowl,  and  stiffened  with  paper  placed  between  the  two  outer 
layers,  which  also  serve  partially  to  con6ne  the  vapor.  The  straw  cuff 
of  the  marketman  is  objectionable  from  the  fact  that  it  cannot  be  kept 
clean  and  fresh,  which  is  of  the  greatest  importance  in  the  avoidance 
of  "  inhalation  pneumonia."  Every  patient  should  take  his  anesthetic, 
whatever  it  may  be,  from  a  thoroughly  clean  and  fresh  inhaler,  as  no 
other  is  either  safe  or  decent.  The  principal  objection  to  the  napkin 
is  the  unnecessary  amount  of  ether  wasted.  This  is  best  obviated  by 
having  the  sides  of  the  inhaler  made  of  an  impervious  material,  such  as 
tin,  while  the  opening  at  the  top  should  be  sufficiently  large  to  allow 
a  free  ingress  of  air.  There  should  be  a  generous  air-space — 50  to  60 
cubic  inches — about  the  mouth,  in  order  that  the  patient  may  be  spared 
the  sensation  of  insufficient  room  for  breathing.  A  free  and  easy  cir- 
culation of  air  through  the  inhaler,  whatever  its  shape  or  kind,  is  indis- 
pensable to  a  satisfactory  apparatus.  Pure  air  charged  with  ether- 
vapor,  in  the  proper  proportion — best  estimated  by  its  effects  upon  the 
patient — is  the  most  desirable  mixture  for  safe  and  efficient  anesthesia. 

The  patient,  warmly  and  loosely  clothed,  should  lie  in  an  easy 
position  upon  his  back,  with  his  head  moderately  raised.  False  teeth, 
tobacco,  gum,  and  any  other  foreign  substance  should  be  removed 
from  his  mouth.  A  basin,  gag,  tongue-forceps,  and  towels  should  be 
at  hand,  and  all  preparations  for  the  operation,  or  whatever  is  to  be 
done,  should  be  made  out  of  the  patient's  sight  and  hearing.  Every- 
thing in  his  room  should  be  done  quietly,  without  excitement  or  con- 
fusion. He  is  to  be  assured  that  although  the  vapor  is  not  pleasant, 
yet  it  is  perfectly  safe ;  that  plenty  of  time  will  be  given  him ;  that  he 
shall  not  be  hurried,  and  that  nothing  will  be  done  until  he  is  sound 
asleep.  There  should  be  no  whispering  nor  unnecessary  talking  while 
the  patient  is  conscious,  as  they  distract  his  attention  as  well  as  that  of 
the  etherizer.  He  is  to  be  instructed  not  to  resist,  but  to  resign  him- 
self readily  to  the  influence  of  the  drug,  to  close  his  eyes,  and  to  breathe 
naturally  through  the  nose  or  mouth,  as  is  most  agreeable  to  himself. 

At  first,  the  inhaler  should  be  held  about  afoot  from  the  face,  and 
gradually  brought  nearer,  as  the  patient  becomes  accustomed  to  the 
vapor.  The  cardinal  rule  to  be  observed  in  administering  ether  is  never 
to  give  it  in  such  concentration  as  to  interfere  with  natural  respiration 
or  cause  coughing,  choking,  or  holding  of  the  breath.     All  of  these 
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sj'mptoms  rapidly  disappear  upon  allowing  a  few  breaths  of  fresh  air. 
The  iiiliiilcr,  after  being  replenished  witli  ether,  should  not  be  placed  as 
close  t"  the  face  as  before,  but  gradually  returned  to  its  former  position, 
thereby  avoiding  the  overwhelming  efiects  of  the  vapor,  as  indicated  by 
coughing  and  efforts  to  get  away  from  it.  The  natural  regular  respi- 
ration affords  the  best  means  of  saturating  the  system  wntli  the  anes- 
thetic, and  its  employment  is  attended  with  the  least  unpleasant  effects. 
The  custom  of  constantly  nagging  or  urging  the  patient  to  breathe 
dee]x:r  or  faster  is  not  always  judicious.  It  would  be  well  for  eveiy 
physician  to  inhale  ether  once  to  the  point  of  unconsciousness,  in  order 
that  fte  might  fully  appreciate  the  importance  of  giving  the  drug  care- 
fully and  slowly.  'I'hc  dreadful  sensation  of  suffocation,  which  in  the 
vast  majority  of  cases  is  avoidable,  leaves  upon  the  patient's  mind  a 
lasting  aniipathy  to  the  agent. 

Kxcept  in  the  case  of  very  young  children,  hasty  or  forced  etheri- 
zation in  the  early  stages  is  unneces.sary  and  cruel,  and  may  be  harm- 
ful. Too  sudden  application  of  the  vapor  irritates  the  mucous  mem- 
brane of  the  air-passages,  excites  spasm  of  the  laryngeal  and  respiratory 
muscles,  and  closes  the  glottis,  thereby  inducing  the  horrible  sensation 
of  suffocation.  The  patient  naturally  struggles  for  fresh  air  according 
to  his  strength,  and  more  or  less  brute  force  is  required  to  restrain  him 
within  bounds.  Aside  from  the  alcoholic,  the  hysterical,  and  the 
extremely  nerv'ous  people,  these  unpleasant  manifestations  are  entirely 
unnecessary  and  avoidable.  The  great  majority  of  patients  can  be  put 
under  the  influence  of  ether  in  from  ten  to  twenty  minutes  with  little 
or  no  restraint,  and  without  undergoing  the  disagreeable  experience  of 
impending  suffocation.  Patience,  good  judgnicni,  proi>er  training,  and 
experience  are  the  cliief  requisites  of  an  efficient  etherizer. 

The  indications  of  complete  anesthesia  are  .stertorous  respiration, 
muscular  relaxation,  as  shown  by  moving  the  arms  without  provoking 
resistance,  and  absence  of  corneal  reflex.  The  latter  test  should  be 
resorted  to  as  little  as  possible,  as  a  troublesome  conjunctivitis  occa- 
sionally follows  iLs  abuse. 

The  primar>'  object  of  anesthesia  being  the  prevention  of  pain,  com- 
plete muscular  relaxation  is  in  many  cases  unnecessary.  Tlie  patient 
knows  nothing  and  feels  nothing,  and  for  these  reasons  many  opera- 
tions can  be  well  done  without  his  being  etherized  to  the  point  of 
absence  of  all  reflex  muscular  movement.  In  the  reduction  of  dislo- 
cations and  in  \arious  other  manipulations,  more  or  less  complete 
rela.xation  of  the  muscles  is  essential ;  but  in  many  ot>enitions,  there 
can  be  no  doubt,  more  ether  is  given  than  is  really  necessary,  tliereby 
needlessly  prolonging  the  narcosis,  increasing  the  unpleasant  after- 
effects, and  often  adding  to  the  shock  and  prostration.  f)ne  of  the 
principal  objections  to  the  use  of  any  anesthetic  is  the  fact  that  the 
operator  may  thereby  be  led  to  ignore  the  flight  of  time,  to  the  detri- 
ment of  the  patient.  It  is  true,  in  a  general  way,  that  the  shorter  the 
duration  of  an  operation  and  the  smaller  the  amount  of  ether  given 
the  better.  Ether  is  primarily  a  stimulant,  but  after  a  time,  var>ing 
greatly  in  different  people,  as  regards  age.  natural  vigor,  present  con- 
dition, and  so  on.  it  ceases  to  act  in  this  manner,  and  if  carried  too  far 
may  aid  in  producing  exhaustion  or  even  collapse.     The  respiration 
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then  becomes  shallow  and  sighing,  the  skin  cyanotic  and  bathed  with 
profuse  sweat,  the  pulse  weak  and  irregular,  and  the  patient  is  reduced 
to  a  state  of  great  danger.  To  avoid  this  unfortunate  condition  of 
affairs,  so  far  as  the  anesthetic  is  concerned,  it  is  better  frequently  to 
interrupt  its  administration  by  giving  fresh  air,  and  allow  the  patient  to 
rally  partially  from  the  effect  of  the  drug.  A  few  whiffs  of  ether  now 
and  again  will  keep  him  free  from  pain,  anxiety,  and  fright.  As  he 
knows  little  or  nothing,  a  moderate  amount  of  involuntary  struggling 
unattended  with  suffering  does  no  harm,  while  the  danger  of  prostra- 
tion and  collapse  will  be  reduced  to  a  minimum.  With  suitable  pre- 
cautions, capital  operations  upon  very  frail  and  exhausted  patients  can 
frequently  be  done  successfully  in  the  following  manner :  All  prepara- 
tions having  been  made,  the  patient  is  carefully  etherized,  and  the 
operation — an  amputation,  for  example — is  quickly  done.  The  ether  is 
removed  when  the  bone  has  been  divided,  and  while  the  vessels  are 
being  secured  and  the  wound  closed  a  few  whiffs  of  the  anesthetic  are 
given  occasionally.  The  result  is  that  by  the  time  the  dressings  are 
completed,  the  patient  has  nearly  recovered  from  the  narcotic,  and  is 
free  from  the  symptoms  of  alarming  prostration  that  so  frequently 
follow  the  same  operation  when  unduly  prolonged.  The  smaller  the 
quantity  of  ether  given  in  severe  or  prolonged  operations,  compatible 
with  the  objects  to  be  attained,  the  better  for  the  patient.  This  matter 
is  of  a  good  deal  of  importance,  and  does  not  always  receive  the  atten- 
tion it  deserves.  The  patient  once  having  been  etherized,  the  rule  to  be 
borne  in  mind  is  the  saving  of  time,  blood,  animal  heat,  and  anesthetics. 
While  recovering  from  the  influence  of  any  anesthetic,  no  person 
should  be  left  alone  for  a  moment,  until  he  is  conscious  of  his  condi- 
tion. This  rule  is  of  special  importance  in  the  care  of  the  very  old 
and  feeble,  of  the  very  young,  and  of  those  who  have  undergone  a 
severe  or  prolonged  operation.  Accidents  from  vomiting  and  choking 
arc  possible,  but  more  important  is  the  danger  of  sudden  collapse, 
which  calls  for  prompt  measures  for  relief  Upon  the  appearance  of 
symptoms  suggesting  this  condition,  the  patient  should  be  well  covered, 
and  surrounded  with  warm,  but  not  hot,  bottles.  The  foot  of  the  bed 
or  table  should  be  raised  about  a  foot ;  stimulants,  such  as  brandy  and 
coffee,  should  be  given  per  rectum,  as  the  stomach  acts  slowly,  if  at  all, 
while  the  patient  is  in  this  condition.  Strychnin,  atropin,  morphin,  or 
digitalis,  with  or  without  brandy  or  "  cologne  spirit,"  which  is  of  nearly 
the  same  strength  as  absolute  alcohol,  sliould  be  given  under  the  skin. 
The  room  should  be  darkened,  quiet  enjoined,  and  sleep  encouraged. 
These  measures  will  usually  suffice  to  rally  the  patient  from  danger 
and  put  him  on  the  way  to  recovery. 

Ratal  Etherization. — It  was  thought  at  one  time  that  rectal  etherization  might  prove 
Teasiblc  in  operalions  about  the  face  and  throat.  It  was  soon  found,  however,  lo  be  difficult 
or  impossible  to  regulate  the  dose  satisfactorily.  The  narcosis  might  be  too  profound  or  too 
prolonged,  the  bowels  become  distended,  and  ihe  mucous  membranes  so  imtaled  as  to  give 
rise  to  tenesmus  and  bloody  stools,  for  these  reasons  the  method  has  never  found  favor 
with  the  profession. 

A  very  good  method  of  continuing  the  etherization  in  operations 
about  the  mouth  and  face  is  to  force  the  vapor  through  the  nose 
by  means  of  a  tube  and  bulb.     The  apparatus  devised  by  Souchon 
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of  New  Orleans  is  a  good  one  for  this  purpose.  The  patient  is  first 
etherized  in  the  usual  manner;  then  the  tube  having  been  passed 
through  one  nostril  into  the  phar)'nx,  the  air  is  pumped  throufili  the 
ether  in  sufficient  quantities  to  keep  up  the  proper  degree  of  narcosis. 
In  operations  attended  by  danger  of  .suflocation  fmni  blond  trickling 
down  the  throat,  it  is  better  and  safer  first  to  perform  tracheotomy, 
then  plug  the  phar>'tix,  and  continue  the  ctlierixation  through  the 
tracheal  tube.  Alt  danger  from  strangulation  is  thus  avoided.  Nitrous 
oxid  given  as  a  preliminary  to  ether  is  a  favorite  agent  with  many  sur- 
geons, and  is  used  to  a  considerable  extent  both  in  hospitals  and  in 
private  practice.  Except  in  alcoholics  antl  in  hysterical  nnd  very 
ner\'ous  people,  anf^thesiii  is  more  quickly  and  pleasantly  produced  by 
this  method  than  with  ether  alone.' 

Certain  unplcxsant  or  even  serious  events  may  occur  to  the  patient 
in  taking  ether.  %vhich  will  now  receive  consideration.  The  inflammable 
nature  of  the  drug  and  the  precautions  necessary  to  be  taken  in  con- 
sequence have  already  received  attention. 

Should  ether  be  given  u])on  a  full  .stomach,  the  respiration  nia>'  not 
become  free  and  regidar  until  vomiting  has  i.iken  place,  after  which  no 
further  trouble  need  be  expected  from  that  source.  No  danger  is  to 
be  apprehended  from  vomiting  during  or  after  etherization,  except  the 
danger  of  undigested  food  being  drawn  into  the  trachea.  This  accident 
has  happened  and  has  caiisetl  death,  but  it  is  one  of  the  rarest  of  fatali- 
ties, and  is  probably  a.s  common  without  as  with  an  anesthetic.  Tlie 
treatment  is  an  immediate  tracheotomy,  provided  the  offending  mate- 
rials arc  not  at  once  ejected  by  the  natural  efforts  of  the  patient. 
While  vomiting,  the  patient  should  be  turned  upon  his  side,  the  mouth 
opened,  and  close  watch  kept  of  the  respiration  and  color  to  .see  that 
the  larj'nx  and  trachea  are  free.  It  is  believed  by  good  authorities 
that  jjjf  to  yj^  grain  of  atropin  sulphate,  given  under  the  skin  a 
short  time  before  ether,  lessens-  the  subsequent  nausea  and  vomiting 
very  materially.  It  is  to  be  remembered  that  the  air-passages  of  old 
people  are  much  less  sensitive  to  the  presence  of  blood,  mucus,  and  all 
foreign  substances  than  are  those  of  the  ordiitary  adult,  and  liencc 
that  they  require  special  attention  in  tliis  regard  while  under  the  influ- 
ence of  anesthetics. 

The  administration  of  oxygen  imniediately  after  the  removal  of  tlie 
ether  is  a  favorite  practice  with  many  physicians,  who  claim  that  the 
period  of  recover}'' from  the  anesthetic  is  thereby  sliortened,  and  also 
that  the  nausea  and  vomiting  are  much  diminished.  It  is  given  from 
a  flask.  dilTcrcnt  sizes  of  which  are  in  the  market.  From  ten  to  fifteen 
minutes  is  usually  a  sufficient  time  for  its  exhibition,  and  aliout  35 
gallons  of  the  gas  are  consumed.  It  is  conducted  through  a  bottle 
of  water  and  directed  upon  the  face  of  the  patient  until  he  has  fairly 
recovered  from  the  ether. 

Another  occasional  complication  in  gt\ing  ether  is  the  free  secre- 
tion of  mucus.  This  occasionally  results  in  edema  of  the  lungs,  and 
threatens  suffocation.  It  is  most  often  seen  in  fat  and  elderly  jiatients 
inclined  to  chronic  bronchitis  or  ai^thma,  or  in  those  having  a  weak 
heart,  or  suffering  from  exhaustion,  as  from  a  strangulated  hernia  of 

*  See  [Mge  460. 
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long  duration.  These  patients  can  usually  take  ether  with  safety,  if 
due  care  is  exercised  to  avoid  giving  too  much.  They  are  to  be 
kept  just  on  tlie  verge  of  complete  anesthesia,  and  allowed  plenty  of 
pure  air.  A  hypodermic  injection  of  atropin  sulphate,  yj^  to  yj^f 
grain  given  an  hour  before  the  ether,  would  not  only  tend  to  check 
this  over-secretion  of  mucus,  but  also  act  as  a  desirable  stimulant 
to  the  respiratory  center.  The  action  of  chloroform  in  these  cases 
is  more  satisfactory  than  ether.  The  treatment  of  this  complication 
consists  in  removing  the  ether,  opening  the  windows,  fanning,  and 
artificial  respiration,  great  care  being  taken  to  insure  a  free  passage 
of  air  into  the  lungs.  On  re-establishing  the  respiration,  the  cyanosis 
will  quickly  disappear,  and  the  patient  is  safe.  Should  the  heart  show 
signs  of  failing,  -^  ^o  -^  grain  of  strychnin  sulphate  should  be  given 
under  the  skin.     Stimulants  may  also  be  given  in  the  same  manner. 

Temporary  interference  with  breathing  during  the  later  and  deeper 
stages  of  ether  narcosis,  due  to  relaxation  of  the  muscles  of  the  throat 
and  closure  of  the  glottis  from  falling  back  of  the  tongue  and  epiglottis, 
is  not  infrequent.  Although  violent  efforts  on  the  part  of  the  diaphragm 
continue  to  be  made,  yet  the  cyanosis  and  deep  congestion  of  the  face 
plainly  indicate  that  no  air  enters  the  lungs.  This  state  of  affairs  is  not 
at  all  alarming  or  serious,  provided  proper  measures  be  taken  for  relief 
They  consist  in  opening  the  mouth  and  drawing  forward  the  tongue  in 
such  a  manner  as  to  raise  its  base,  and  with  it  the  epiglottis,  thereby 
allowing  the  air  to  enter  the  lungs.  With  an  efficient  gag  between  the 
teeth,  the  tongue  may  be  drawn  out  with  forceps,  care  being  taken  to 
avoid  undue  violence  to  that  organ.  Its  base  is  thereby  raised,  and 
with  it  the  epiglottis,  allowing  a  free  ingress  of  air.  Another  method 
of  accomplishing  the  same  object  is  simply  to  flex  the  head  upon  the 
chest,  and  by  the  action  of  the  styloid,  and  probably  other  muscles,  to 
open  the  glottis.  Pressing  the  lower  jaw  forward,  partially  dislocating 
it  upon  the  articular  eminences,  is  also  another  favorite  method  of 
securing  a  free  passage  of  air  through  the  larynx.  Too  forcible  or 
persistent  pressure  behind  the  angles  of  the  lower  jaw  may  not  only 
leave  an  uncomfortable  soreness,  but  might  possibly  lead  to  inflamma- 
tion of  the  parotid. 

A  tetanic  spasm  of  the  respiratory  muscles  occasionally  occurs,  but 
is  overcome  readily  by  removing  the  ether,  opening  the  glottis,  fanning 
the  patient,  and  in  extreme  cases,  by  resorting  to  artificial  respiration. 
This  is  a  .somewhat  rare  complication. 

It  is  seldom,  indeed,  that  tracheotomy  is  required  for  any  acci- 
dent due  to  the  etlier  alone.  The  operation  may  be  necessary  for 
edema  or  spasm  of  the  glottis,  a  complication  which  is  liable  to  appear 
in  croup,  deep  cellulitis  of  the  neck,  tumors  pressing  upon  the  trachea 
or  laryngeal  nerves,  etc.  A  more  common  danger  is  the  escape  of 
blood  into  tlie  air-passages  during  operations  about  the  mouth,  nose, 
and  throat.  This  may  occur  very  Insidiously,  and  the  first  warning 
given  may  be  cessation  of  breathing.  The  blunted  sensibility  of  the 
air-pas.sages  may  have  prevented  any  warning  cough  or  choking,  a 
condition  peculiar  to  elderly  or  very  weak  and  exhausted  persons. 
This  event  calls  for  prompt  and  energetic  treatment.  The  trachea  is 
to  be  o])ened  at  once,  an  elastic  catheter  carried  down  into  the  bronchi. 
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and  air  forced  into  the  lungs,  for  the  purpose  of  dn\-ing  out  the  blood. 
Suction  dues  no  good.  Nature  docs  not  clear  tlie  bronchial  lubes  in 
ihis  manner,  neither  can  the  surgeon.  Artificial  respiration  and  hypo- 
dermic stimulation  may  also  be  neccs.sarj'  to  revive  tlie  patient.  This 
accitlent  is  not  peculiar  to  ether  anymore  than  to  any  other  antithetic, 
but  the  possibility  of  its  occurrence  sliould  be  recognized,  and  projjer 
measures  taken  to  meet  it  prompt!)'  and  efficiently. 

While  no  known  ancslhedc  is  entirely  safe  under  all  circumstances, 
yet  the  exix.'rience  of  half  a  century  proves  most  conclusively  that  sul- 
phuric ether  i.s  the  safe-st  one  hitherto  discovered.  Upwards  of  65,000 
pt-rsons  have  been  etherized  at  the  Massachusetts  General  Hospital 
and  at  the  Boston  C.ity  Hospital,  and,  so  far  as  can  be  ascertained, 
there  has  not  been  a  single  death  due  solely  to  the  anesthetic.  Patients 
occasionally  die  wliile  under  the  inllueiicc  of  ether,  but  there  are  always 
contributory  causes,  such  as  debility,  shock,  uremia,  hi;morrhage,  etc. 
Pure  anhydrous  sulphuric  etlier  carcfuliy  given  to  healthy  jiersons 
sehlom,  if  ever,  results  fatally.  It  is  the  rarest  of  accidents,  and  the 
practitioners  an;  fuw  who  have  ever  seen  such  a  termination. 

Chloroform  causes  death  in  ratio  of  about  I  to  2000  cases.  The 
aggregate  is  large,  however,  by  reason  of  the  great  numbers  to  whom 
the  drug  is  given.  There  were  96  published  deaths  from  chloroform 
in  England  in  1897.  and  no  one  can  tell  how  many  deaths  from  this 
cause  were  not  published.' 

A  healthy  person  inhales  chloroform  for  the  puqjosc  of  having  a 
minor  operation  done  which  in  itself  is  free  from  danger,  such  as  the 
extraction  of  a  tooth,  the  incision  of  an  abscess,  etc.  Before  anesthesia 
is  complete,  and  before  any  o|x;ration  is  done,  the  heart,  with  little  or 
no  warning,  suddenly  stops,  and  the  patient  is  dead.  All  efforts  at 
resuscitation  are  in  vain.  An  autopsy  reveals  no  adequate  cause  of 
death  aside  from  the  anesthetic. 

About  40  |wr  cent,  of  the  fatalities  from  chloroform  occur  under 
circumstances  and  in  a  manner  similar  to  those  above  narrated.  The 
unfortunate  result  cannot  be  ascribed  to  the  quantity  or  quality  of  the 
drug  nor  to  the  mode  of  administration,  as  it  has  occurred  in  the  prac- 
tice of  some  of  the  most  experienced  men  in  the  profession.  Very  prob- 
ably it  is  due  to  some  inherent  (juality  of  the  drug  itself,  coupled,  per- 
haps, with  some  idio.syncras\'  on  the  part  of  the  patient,  which  no  one 
can  foresee.  This  occasional  fatally  treacherous  action  of  chloroform 
is  the  main  objection  to  its  use  as  an  ordinary'  anesthetic. 

The  danger  to  be  apprehended  from  chloroform  is  cardiac  paralysis 
— syncope — while  that  from  ether  is  ordinarj'  asphyxia.  The  former  is 
sudden  in  its  onset  and  too  often  not  remediable ;  the  latter  is  gradual 
in  its  apjiearance  and  readily  avoided  or  corrected.  Both  pulse  and 
respiration  should  be  carefully  watched  during  the  .inesthesia,  and  no 
time  should  he  lost  in  applying  the  proper  means  for  relief  in  case  of 
accident  of  any  sort. 

The  <otnparativc  merits  of  rtfier  ami  chioroform  may  be  briefly  stated 
as  follows:. 

Kthcr  is  slower  in  its  action,  less  pleasant  to  inhale,  more  bulky  and 
more  expensive,  inflammable,  sometimes  irritating  to  the  air-passages, 
•  A.  D.  VVjiUFr.  BHt.  M^.  Jour.,  A|)ri1  23.  1898^ 
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and  is  often  followed  by  nausea  and  vomiting ;  but  it  is  safe  under  all 
ordinary  circumstances,  and  when  pure  and  properly  given,  never  results 
fatally  in  reasonably  healthy  people. 

On  the  other  hand,  chloroform,  which  is  seven  times  as  strong  as 
ether  (Waller),  is  quicker  in  its  action,  more  pleasant  to  take,  less  irri- 
tating to  the  mucous  membranes,  less  bulky  and  less  expensive,  not 
explosive,  and  is  usually  attended  by  somewhat  less  nausea  and  vomit- 
ing ;  but  it  is  not  always  safe.  Occasionally,  death  occurs  in  healthy 
persons,  early  in  the  administration  of  this  agent,  even  when  pure  and 
carefully  given,  and  the  most  searching  post-mortem  examination  fails 
to  find  any  other  satisfactory  explanation  of  the  unfortunate  occurrence. 

While  ether  is  the  safer  agent  for  ordinary  sui^ical  work,  yet  there 
are  certain  conditions  in  which  chloroform  is  to  be  preferred  for  special 
reasons.  Those  operations  liable  to  be  complicated  with  spasm  of  the 
glottis,  edema  of  the  larynx  or  lungs,  or  a  profuse  secretion  of  fluids  in 
the  air-passages,  can  be  done  better  and  more  safely  under  chloroform. 
This  agent,  therefore,  is  to  be  preferred  in  the  following  affections: 
Membranous  croup,  acute  or  chronic  laryngitis,  edema  of  the  glottis  or 
lungs,  injuries  to  the  larynx,  deep  cervical  cellulitis,  malignant  disease 
of  the  throat  or  anterior  portion  of  the  neck,  tumors  situated  deeply  in 
the  neck — as  bronchocele — foreign  bodies  in  the  air-passages  or  in  the 
esophagus,  chronic  bronchitis,  asthma,  and  emphysema.  Tracheotomy 
and  esophagotomy,  as  a  rule,  are  more  easily  and  safely  done  under 
chloroform,  as  there  is  less  spasm  and  less  secretion.  The  latter  agent  also 
produces  less  congestion  of  the  vessels  of  the  face  and  neck.  Chloroform 
seems  to  be  less  dangerous  in  military  than  in  civil  practice,  and,  as  it  is 
less  bulky  and  quicker  in  its  action,  it  is  preferable  to  ether  in  field-hos- 
pitals, where  time  and  transportation  are  important  factors.  By  reason 
of  its  volatility,  and  the  consequent  difficulty  of  keeping  the  drug  for  a 
long  time,  ether  will  probably  never  supplant  chloroform  in  the  tropics. 

Patients  having  advanced  disease  of  the  kidneys  are  poor  subjects 
for  either  agent,  but  many  writers  claim  that  there  is  less  irritation  of 
these  organs,  and  therefore  less  danger,  under  chloroform  than  under 
ether.  It  is  also  said  that  chloroform  causes  less  pressure  in  atherom- 
atous blood-vessels,  and  hence  is  to  be  selected  in  cases  supposed  to 
be  liable  to  apoplexy.  This  accident  is  so  very  rare  under  ether,  that 
the  opinion  would  seem  to  rest  largely  upon  theories  resulting  from 
physiological  experiments.  Advanced  cases  of  heart  disease  may  take 
ether  carefully  with  reasonable  safety.  Operations  under  any  of  these 
conditions  are  attended  with  a  certain  amount  of  danger,  aside  from  the 
influence  exerted  by  any  anesthetic.  The  smallest  possible  quantity 
should  be  given,  and  the  utmost  care  taken  in  the  administration. 

Bronchitis  and  pneumonia  seldom  result  in  this  vicinity  from  the 
administration  of  ether.  The  complication  is  too  rare  to  be  considered 
in  choosing  an  anesthetic.  Two  factors  call  for  careful  investigation 
in  connection  with  this  subject — namely,  the  quality  of  the  ether  and 
the  exposure  of  the  patient.  Certain  brands  of  this  drug  are  unfit  for 
use  by  reason  of  their  very  irritating  qualities  and  comparatively  small 
narcotic  properties.  This  matter  is  of  so  much  importance  that  many 
surgeons  in  this  part  of  the  country  will  use  only  Squibb's  ether,  than 
which,  probably,  no  better  has  ever  been  made. 
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The  preservation  of  animal  heat  merits  careful  attention.  It  is  a 
fact  familiar  to  all  that  |)cr.sons  are  more  susceptible  to  colli  when  asleep 
than  when  awake,  and  Dudley  P.  Allen's  experiments  tipon  dogs, 
as  well  as  his  observations  upon  patients,  go  lo  show  that  the  body 
temperature  is  lowered  under  prolonged  anesthesia.  Loss  of  animal 
heat  tends  toward  collapse,  hence  the  preat  importance  of  keeping 
patients  well  coveretl  during  anesthesia.  Exposure  of  any  consitleriihle 
portion  nf  the  body  usually  covered  and  the  application  of  wet  cloths 
are  fraught  with  danger,  and  may  be  accountable  fur  a  ceriain  propor- 
tion of  the  cases  of  post-ether  bronchitis  and  pneumonia.  Patients 
who  arc  properly  protected  and  who  inhale  a  high  gratle  of  sulphuric 
ether  administered  in  a  judicious  manner  liav<'  little  to  fear  from  any 
affection  of  the  respiralory  tnict  a-s  a  result  of  the  anesthetic, 

Primary  anestheAia '  has  a  limited  field  of  usefulness  in  surgery. 
Under  its  influence  simple  incisions  may  be  made,  sutures  and  drainage- 
materials  may  be  removed,  and  various  oilier  brief  operations  or 
manipulations  can  be  carried  out  with  satisfaction  to  the  operator  and 
without  suffering  to  the  p;ilient.  It  is  induced  in  the  following  manner; 
Kverything  being  in  complete  readiness,  that  no  lime  need  be  lost  at 
the  important  moment  of  temporary  anesthesia,  the  patient  is  directed 
lo  inhale  the  ether  \'apor  by  drawing  in  a  few  deep  breaths.  From  a 
dozen  to  twenty  are  often  sufficient  to  produce  the  desired  effect.  The 
falling  of  the  hand,  which  the  patient  has  been  directed  to  hold  in  the 
air  unsupported,  is  a  good  index  of  the  right  moment  lo  proceed  with 
the  operation.  Except  in  extremely  nervous  people,  this  method  is 
very  satisfactory  in  suitable  cases.  Little  or  no  pain  is  experienced, 
fright  is  largely  removed,  consciousness  returns  at  once,  and  there  is 
neither  nausea  nor  vomiting.  The  patient  is  in  liis  usual  condition  in 
ten  or  fifteen  minutes,  and,  except  for  the  modified  pain  of  an  incision, 
for  instance,  he  goes  about  his  business  as  if  nothing  had  been  done.  In 
its  effects  and  duration  this  form  of  anesthesia  resenjblcs  that  of  nitrous 
oxid  gas,  but  it  is  more  convenient  for  the  general  practitioner,  from  the 
fact  that  no  special  appanitus  is  necessary,  and  the  agent  is  always  at 
hand  or  is  ea^ly  obtainable.  The  method  is  worthy  <)f  a  more  extensive 
use  than  It  has  ever  had  at  the  hands  of  the  profession  at  large. 

lK>cal  anesthesia'  has  considerable  X'alue,  and  may  be  depended 
upon  for  slight  operations,  such  as  simple  incisions,  the  removal  of 
small  tumors  or  growths  in  the  skin,  etc.  More  pretentious  oi>cra- 
tion.s,  such  as  castration,  strangulated  hernia,  lap;iroTomy,  and  others 
of  equal  magnitude,  have  been  done  under  its  influence ;  but,  except 
in  rare  instances  and  for  s|x:cial  reasons,  general  anesthesia  is  preferable 
for  this  sort  of  work,  and  is  so  considered  by  the  profe.sslon.  In  cases, 
however,  where  the  patient's  condition,  owing  lo  pulmonarv*  disea.se  or 
other  causes,  does  not  admit  of  etherization,  local  anesthesia  has  a  dis- 
tinct field  in  the  i>erfnrmance  of  major  operations.  While  local  agents 
may  control  the  pain,  they  tlo  not  remove  the  tiread  i»f  the  operation, 
hence  the  patient  cannot  always  be  «.le|K*ndeti  upon  to  keep  qutet.  which 
in  many  instances  is  an  important  factor  of  anesthesia. 

The  principal  local  anesthetics  are  cocain  hydrochlorate,  which 
stands  at  the  head  in  cITicicncy ;  cucain.  similar  to  the  preceding  agent^ 

'  Sec  alto  the  cJispter  an  Minor  Siit]{e(y. 
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but  less  poisonous;  ethyl  chlorid;  rhigolene,  not  much  used  at  present; 
Carbolic  acid,  very  superficial  in  its  action  ;  ether  spray ;  and  ice,  or  ice 
and  salt.  The  field  of  usefulness  of  all  the  freezing  agents  is  rather 
limited,  from  the  fact  that  while  sensation  is  at  first  much  diminished, 
yet  the  discomfort  of  returning  sensation  is  often  as  great  as  would  be 
that  of  the  operation  itself.  They  are  useful  in  removing  wens  from 
the  scalp,  but  not.  as  a  rule,  from  other  regions  of  the  body ;  in  tapping 
the  abdomen  ;  in  simple  incisions,  as  for  a  superficial  abscess,  but  not  for 
a  felon  or  palmar  abscess  or  for  any  deep  and  highly  inflamed  tissues. 

Ethyl  chlorid '  is  one  of  the  most  convenient  of  this  class  of  agents 
for  ordinary  use,  from  the  fact  that,  as  it  is  put  up  in  small  glass  flasks, 
it  is  only  necessary  to  remove  the  cap  and  direct  the  spray  from  a 
point  about  io  inches  away  upon  the  part  desired  to  be  frozen,  which, 
in  the  space  of  a  minute  or  so,  turns  white  and  is  benumbed  sufficiently 
to  allow  of  any  of  the  above  specified  things  being  done  with  little  or  no 
pain.  The  same  result  can  be  obtained  with  ice  alone,  or  with  ice  and 
salt.  Rhigolene  and  ether  are  to  be  applied  in  the  form  of  spray,  but 
are  inferior  to  the  above-mentioned  agents,  as  their  action  is  not  so 
easily  confined  to  the  precise  area.  It  is  to  be  remembered  that  care 
and  judgment  are  always  to  be  exercised  in  applying  cold  as  well  as 
heat  to  the  body,  as  ulceration  and  even  sloughing  may  be  produced 
almost  as  readily  with  one  class  of  agents  as  with  the  other. 

Cocain,  the  alkaloid  from  the  leaves  of  coca- — a  shrub  which  grows 
in  Peru  and  Bolivia — was  discovered  by  Gaedeke  in  1855,  but  it 
has  been  in  general  use  as  a  local  anesthetic  only  about  ten  years. 
Dissolved  in  water  in  the  proportion  of  i  :  looo  or  500 — /.  e.,  a  strength 
of  from  -^^o  \  per  cent. — the  hydrochlorate  of  cocain  is  probably  the 
best  local  anesthetic  known  to  the  profession  to-day.  There  are  two 
precautions  to  be  borne  in  mind  in  using  this  agent  The  first  is  the 
marked  depressing  action  upon  the  heart  and  brain,  and  the  other  is 
the  pernicious  appetite  which  may  be  established  for  the  drug.  The 
cocain  habit  seems  to  be  more  powerful  than  that  for  morphin,  and  it  is 
more  difficult  to  break  up  and  eradicate.  Given  in  the  proportions  and 
for  the  purposes  mentioned  in  tliis  article,  there  is  very  little  danger  to 
be  apprehended  from  the  use  of  this  valuable  drug.  The  agent  is 
probably  as  efficacious  when  it  is  dissolved  in  water  and  used  alone 
as  when  given  with  morphin,  atropin,  or  other  narcotics.  Applied  to 
mucous  membranes,  it  is  readily  absorbed,  exerts  its  specific  effect  in  a 
short  time,  and  produces  an  anesthesia  lasting  about  a  quarter  of  an 
hour.  The  effects  of  this  drug  vary  not  only  in  individuals,  but  also 
in  different  regions  of  the  same  person,  some  being  much  more  sus- 
ceptible to  its  influence  than  others.  The  mucous  membrane  of  the 
eye  appears  to  be  especially  sensitive  to  its  action,  and  therefore  the 
agent  is  of  especial  value  in  operations  and  manipulations  of  this  organ. 
The  same  may  be  said  of  the  nose  and  thro.it.  The  action  of  cocain 
upon  the  lining  of  the  urethra  is  neither  quite  as  safe  nor  as  satisfactory 
as  upon  the  organs  above  mentioned.  Fatal  results  have  followed  its 
application  to  this  region  (Hare,  Park's  Si/r/^cry);  hence  very  weak 
solutions  should  be  used  in  the  urethra  and  nose,  not  over  2  per 
cent.,  and  they  may  well  be  even  weaker  than  this  at  first.     For  the 

'  See  also  the  chapter  on  Minor  Surgery. 
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eye  a  3  per  cent,  solution  is  ofti-u  strnntj  enough,  but  for  the  vagina 
and  rectum  a   10  j>cr  ci;nl.  strm^ih  m;iy  he  rcquiretl, 

Infiltration  Anesthesia.' — For  operations  involving  tlie  skin  and 
subjacent  tissues,  the  method  of  producinjj  local  anesthesia  by  infiltra- 
tion, as  proposed  by  Schlcich  of  Hcrlin  in  1891.  is  probably  the  best 
yet  suggested.  Ry  this  method,  it  is  said,  all  tissues  except  inflamed 
bone  can  be  rendered  anesthetic.  The  tcchnic  is  simple,  the  solution  is 
weak,  and  the  results  arc  usually  satisfactory.  The  site  of  the  injection 
is  to  be  washed  with  soap  and  water,  and  then  with  bichlorid  sohition, 
1 :  5000 ;  the  syringe  is  to  be  boiled ;  in  short,  aseptic  precautions  are  to 
be  carried  out  as  in  ordinary  minor  surgical  o[x:rations,  The  solutions 
suggested  by  richleich  are  of  three  strengths.  The  medium  and  most 
useful  one  contains  1  gniin  cocain  hydrochlorate.  \  grain  morphin  hydro- 
chlorate.and  2  grains  common  salt  to  1000  minims  of  water.  The  stronger 
solution,  for  use  in  inflamed  tissues,  contain*;  double  the  amount  of  cocain ; 
and  the  weaker,  ^^  grain  of  the  drug.  The  tablets  of  Wycth  and 
Brother,  made  in  accordance  with  the  above  schedule,  are  the  most 
convenient  form  for  common  u.se.  To  prwluce  anesthesia  of  the  skin,  it 
is  necessary  to  inject  the  cocain  tnto.  and  not  umicr  it,  as  the  |>eculiar 
influence  of  the  drug  docs  not  permeate  tlie  skin  from  the  cellular  tis- 
sue. The  anesthetic  area  is  white,  more  or  less  edematous  in  the  form 
of  wheals,  and  about  J  inch  in  diameter.  The  eflTects  of  the  agent  last 
fron^  fifteen  to  twenty  minutes,  and  are  more  pronoimccd  when  it  can 
be  confined  to  the  part  by  an  clastic  band,  as  in  a  finger,  toe,  or  the 
penis.  To  render  inflamed  tissues  anesthetic,  it  is  necessary-  to  surround 
them  by  a  zone  of  narcotized  healthy  skin,  and  from  that  to  extend 
the  injections  into  the  desired  area.  It  is  doubtfid  if  this  [>rocess  has 
any  advantages  over  primary  or  general  anesthcsiii  in  ii[X'rating  ujMjn 
inflamed  structures.  The  mental  iieculiaritiesof  the  indivitluai  must  be 
taken  into  account.  Very  many  |K-op!e  would  not  care  to  undergo  the 
mental  strain  of  realizing  that  an  o|:K;ration  was  being  performed  upon 
them.  Judgment,  tact,  and  skill  are  requi.site  in  the  use  of  tho.sc  agents, 
in  ortler  that  tlic  greatest  benefit  may  be  derived  from  tlicir  application. 

Eucain,  as  a  stdjstjtulc  for  cocain,  has  ijeen  employed  to  sonic 
extent  as  a  local  anesthetic  in  the  strength  of  i  to  3  jkt  cent.,  and  to 
the  amount  of  \\  grains  and  upward.  "  Kucain  R"  is  said  to  be  less 
irritating  than  '*  Kucain  A,"  but  the  limit  of  .safety  has  not  been  accu- 
rately detennined.  The  advant:iges  claimed  over  coc;un  arc  the  lessened 
dinger  of  cardiac  depression,  the  longer  duration  of  the  mircosis,  and 
that  neither  time  nor  he;it  ini]»airs  its  strength,  thus  allowing  the  solu- 
tion to  be  boiled  before  using.     Heat  im(jairs  the  cucaiii  solutions. 

The  anesthetic  influence  of  eucain  is  slower  in  its  manifestation 
than  it  is  from  the  other  agent.  The  most  damaging  report  about  it 
is  of  the  fre(|uent  occurrence  of  local  sloughing  in  operations  "  in  fatty 
tissue,  upon  the  fingers  and  toes,  the  prepuce,  and  bursal  and  tendon 
sheaths."  In  consideration  of  the  ver>'  minute  quantity  of  cocain 
required  in  cases  suitable  for  local  anesthesia,  it  hardly  seems  to  the 
writer  that  the  claims  for  the  superiority  of  eucain  over  the  former 
agent  have  been  proved.     Further  light  on  this  subject  is  desirable. 

Holocain. — Hasket  Derby,  of  Boston,  has  used  holocain  (l  percent. 
solution)  for  some  years, and  has  come  to  the  following  conclusions: 

'  See  also  \\k  th»ptcr  vn  Miiioi  SurKtry. 
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"As  compared  with  cocain,  it  possesses  many  advantages  as  regards 
its  use  in  ophthalmic  surgery.  It  does  not  enlarge  the  pupil,  which  is 
a  very  great  gain,  both  on  the  ground  of  present  inconvenience  and  as 
tending  to  increase  pressure.  Moreover,  it  does  not  cloud  the  cornea 
or  disturb  its  epithelial  layer,  as  is  sometimes  the  case  with  cocain.  It 
never  brings  about  the  pallor  or  collapse  that  characterizes  the  action 
of  cocain  with  a  few  sensitives.  It  is  a  perfect  anesthetic.  Its  solution 
remains  permanently  sterile,  and  its  bactericidal  properties  give  its 
application  much  value  in  certain  forms  of  corneal  ulcer.  In  short,  it 
will  do  everything  that  cocain  will,  except  modify  the  hemorrhage  that 
attends  the  operation. 

"  On  the  other  hand,  its  application  is  attended  at  first  by  slight 
pain ;  and  it  cannot  be  injected  subcutaneously,  neither  can  it  be  used 
in  sufficient  quantity  to  allay  the  pain  attending  the  introduction  of  a 
lacrimal  probe.     Here  cocain  has  its  place." 

INTRA-SPINAL  COCAIMZATION. 

The  injection  of  solutions  of  cocain  into  the  spinal  canal  to  produce 
anesthesia  has  been  extensively  investigated  and  practised  by  Tuffier 
at  the  Hospital  Beaujon,  Paris,  his  first  report  on  the  subject  appearing 
in  1899.  This  method  has  been  tried  by  various  men  in  America,  but 
the  opinions  of  the  majority  have  discouraged  its  use. 

A  sufficiently  large  area  on  the  patient's  back  in  the  lumbar  region 
is  made  thoroughly  aseptic  as  for  operation.  The  operator's  hands  are 
also  carefully  made  aseptic.  The  patient  should  be  sitting  with  his 
back  toward  the  operator,  and  slightly  bent  forward'  so  as  to  separate 
the  laminae  of  the  vertebras.  The  two  higliest  points  of  the  iliac  crests 
are  defined.  A  horizontal  line  connecting  these  should  pass  between 
the  tourth  and  fifth  lumbar  vertebrse.  Palpating  with  the  thumb,  the 
lower  border  of  the  fourth  lumbar  spinous  process  is  defined,  and  its 
position  marked  on  the  skin  with  the  thumb-nail.  A  sterilized  platinum 
needle,  2^  or  3  inches  long  and  with  n  short-beveled  point,  is 
used.  This  is  entered  in  an  upward  and  inward  direction  about  i  cm. 
to  one  side  of  the  mark  made  on  the  skin  to  indicate  the  lower  edge  of 
the  fourth  lumbar  spinous  process.  When  tlie  spinal  canal  is  entered, 
a  few  drops  of  clear  serous  fluid,  slightly  tinged  with  blood  from  the 
needle-wound,  will  appear  at  tlie  external  orifice  of  the  needle.  Three 
or  four  drops  of  this  are  allowed  to  flow,  and  then  a  sterilized  glass 
syringe  of  2  c.c.  capacity,  and  containing  a  freshly  made  and  sterilized 
2  per  cent,  solution  of  cocain  hydrochlorate,  is  fitted  to  the  needle. 
Two  centigrams  of  the  solution  arc  slowly  injected.  The  needle  is 
then  withdrawn,  and  the  puncture  aseptically  scaled  with  collodion. 

Anesthesia  usually  occurs  in  from  five  to  fifteen  minutes,  and  often 
extends  from  the  nipples  or  axill.'e  above  to  the  ankles  below. 

This  method  often  fails  to  produce  anesthesia,  and  is  so  often 
attended  by  symptoms  of  cocain  poisoning — nausea  and  vomiting, 
profuse  sweating,  pallor,  headache,  rapid  pulse,  failing  respiration — 
that  it  will  probably  never  have  a  place  in  surgery.  Deaths  continue 
to  be  reported  from  spinal  cocainization.and  all  the  resources  of  inhala- 
tion anesthesia  should  be  exhausted  before  resorting  to  this  method. 


Nrrnous  oxw,  etc. 


NITROUS    OXIDj    NITROUS    OXID    AND    OXYGEN;    NITROUS    OXID 
AND  ETHER;  CHLOROFORM-MIXTURES. 

The  nncsthctics  commonly  cmployeti  in  EnglaniJ  at  the  present  lime 
arc  nitrous  oxiti  yas  (either  alone  or  mixed  with  oxygen),  ether,  chlo- 
rofi)rni,  and  mixtures  of  ether  and  chloroform  in  various  proportions. 

Nitrons  oxid  is  largely  used  for  dental  and  other  short  operations 
requiring  only  brief  anesthesia.  Its  chief  advantages  arc  i.  Its  great 
safety;  2.  Absence  of  the  necessity  ftir  elaborate  preparation  of  the 
patient;  3.  Sjjeedy  induction  of  anesthesia,;  4.  Quick  recovery  without 
unjileasant  after-effects. 

It  can  safely  l>e,  and  generally  is,  aiiniinistcred  to  patients  sitting 
upright  in  a  chair,  the  head  being  perfectly  supported  and  as  nearly  as 
|H>Kstble  in  a  line  with  the  body. 
No  fond  should  be  taken  imme- 
diately  beforehand,  though    it    is 
not  necessary  to  insist  on  a  fast 

of  several  h(»nrs,  as  in  the  case  '/f^^^KLLal  SC 
of  ether  and  chloroform.  Care 
must  be  taken  that  the  clothing 
is  quite  loose  around  the  neck, 
chest,  and  abdomen,  so  that  no 
obstruction  to  respiration  shall  be 
present.  Any  movable  artilictal 
teeth  should  be  removed  from  ihc 
mouth,  and  for  dental  operations 
a  small  prop  must  be  inserted  on 
the  side  of  the  mouth  opposite 
that  on  uliich  the  operation  is  to 
be  performed. 

Several  forms  nf  apparatus  are 
used  in  England  for  the  adminis- 
tration of  nitrous  oxid ;  that  of 
Frederic  Hewitt  is  vt'ry  com- 
monly employed,  and  i.s  satisfac- 
tory and  convenient. 

A  Uan  india  niI)1tt!rl>D|!  of  two  gal  Ions' 
capicilv,  into  wliiih  Ihr  g3>  |Mvm;h  fi>i|n  Ulc 
cyliMlrn  C,i'.  At  thr  ti|>f>cr  eml  uf  thr  Ixig 
i»  the  stopcock  SO^^^ix^iningan  inspirnlory 
niulanpxpiratnry  tnlve.  Wlini  (lic^  small  turn- 
die  h  it  in  (lir  po^jtiott  ^hnwn  in  ihr  (tcurt, 
iJie  ci>iil«tit»  uf  (h«  Ixi^  aic  iJiut  ulf  fiuiii  llie 
stopcock  ■ni]  fnrt-pircr,  »n  thm  ihr  palirnt 
braathrf  <>o\y  nir,  iiiipirinj^  ntid  criijiiitiig 
thn>u|;h  thr  va|vc».  \N  hrn  tile  hnnilfr  4  i« 
pu>b^  tip,  the  biig  \%  put  into  connection 
wttli  iht  slopccKrk  aiul  Ihr  [Milienl  intialcs 
gai  fiiim  xhe  Kaji.  and  tr\|>ir»  Into  the  ait, 
Btill  brcaihJnK  throiit;h  the  valve».  'X'lic 
handle  i/,  at  the  end  tii  the  •Hn|)ccN-k,  wntks 
an    inner   ca»ine  which    catties  llir  vaKc», 

and  the  ananf^nnenl  is  nuch  thai  when  J  y.  lumcd  nHiw),  (he  valve*  are  put  OHl  of  Kttoa. 
and  the  patient  himplr  breaihe^  into  miil  hm  of  the  bag.  The  liUR  i*  hrvl  neatly  filled  flum 
Ihc  cylinder  l»v  turning  the  loot-key,  and  the  f»cei>iece  a|^lied  to  the  patient's  face.  He 
it  then  Inid  lo  lirealhe  deeply  and  rcf,rul"''ly,  and  ga»  is  admitted  by  means  uf  the  handle  4. 


'*^' 
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The  foot  of  the  administrator  is  kept  on  the  foot-key,  and  a  steady  stream  of  gas  is  allowed 
to  run  into  the  bag.  The  valves  are  usually  allowed  to  act  throughout  the  admi nitration ; 
but  in  some  cases,  where  a  rather  longer  anesthesia  is  required,  the  handle  d  is  turned 
round  toward  the  end  of  the  administration,  and  the  patient  is  thus  caused  to  rebreathe 
the  gas  which  he  has  expired.  As  the  inhalation  proceeds,  the  respirations  become  deeper, 
and  finally  stertorous,  the  face  gets  dusky,  and  muscular  twitchings  of  the  limbs  and  body 
occur.  When  anesthesia  is  complete,  the  pupils  are  more  or  less  dilated  and  the  con- 
junctiva insensitive  to  the  touch.  The  face-piece  is  now  removed  and  the  operation  is 
performed.     The  time  taken  to  produce  anesthesia  is  generally  from  thirty  (o  sixty  seconds. 

The  chief  objection  to  the  use  of  nitrous  oxid  alone  is  the  occur- 
rence of  symptoms  of  asphyxia,  due  to  the  deprivation  of  air.  These 
symptoms  are — i.  Cyanosis  ;  2.  Stertor  ;  3.  Jerking  of  the  muscles. 

They  are  especially  apt  to  occur  in  children  and  anemic  persons, 
who  also  "  come  round  "  very  quickly,  giving  a  very  short  period  of 
efficient  anesthesia.  The  muscular  twitchings,  too,  are  sometimes  so 
excessive  as  seriously  to  interfere  with  the  operation.  In  the  case  of 
ver)-  anemic  women,  there  is,  besides,  a  certain  danger  of  respiratory 
or  cardiac  failure  during  the  administration  of  nitrous  oxid  alone ;  and 
in  old  people  with  atheromatous  arteries  there  may  be  some  risk,  owing 
to  the  strain  thrown  on  the  circulation.  The  asphyxial  symptoms  may 
be  diminished  or  abolished  by  giving  a  few  breaths  of  air  during  the 
administration.  But  a  more  accurate  method  is  that  of  Hewitt,  in  which 
a  small  quantity  of  oxygen  is  gradually  mixed  with  the  nitrous  oxid  by 
means  of  a  specially  devised  apparatus.  With  this  it  is  possible  to 
increase  or  diminish  the  oxygen  by  very  small  amounts,  so  that  the 
amounts  inhaled  are  accurately  under  the  control  of  the  administrator. 
The  advantages  of  this  method,  which  is  now  extensively  employed  in 
England,  are — 

1.  The  elimination  of  the  asphyxial  symptoms  mentioned  above, 
with  the  production  of  tranquil  anesthesia. 

2.  A  longer  period  of  anesthesia  available  after  the  face-piece  has 
been  removed. 

Hewitt  gives  about  forty-four  seconds  as  the  average  period,  as 
again.st  thirty-five  seconds  with  nitrous  oxid  alone. 

£  is  a  Inrge  india-rubber  bag,  divided  into  two  equal  compartments  which  do  not  com- 
municate, one  for  nitrous  oxid,  the  other  for  oxygen.  The  respective  gases  pass  from  the 
cylinders  C.  C,  C  into  the  compartments  of  the  bag  on  turning  the  foot-keys  A',  A*  The  tube 
conveying  the  oxygen  passes  inside  that  conveying  the  nitrous  oxid  for  nearly  the  whole  dis- 
tance, but  the  two  separate  on  reaching  the  bag.  To  the  upper  end  of  the  double  bag  is 
fitted  ihe  most  important  part  of  the  apparatus — viz.,  the  stopcock  through  which  the  gases 
pass  on  their  way  to  the  face-piece.  The  tubes  /,  f  of  this  stopcock  are  each  provided  with  a 
valve  acting  during  inspiration,  so  that  the  gases  do  not  mix  before  reaching  the  mixing 
chamber  MC.  This  chamber  occupies  the  greater  part  of  the  stopcock,  and  to  it  the  gases 
are  admitted  by  moving  the  handle  A.  When  the  pointer  of  this  handle  points  to  the  word 
".\ir"  on  the  dial-plate  d,  air  only  can  be  breathed  ;  when  it  is  moved  round  so  as  to  point 
to  "  N,0,"  nitrous  oxid  is  admitted,  and,  as  it  travels  further,  oxygen  enters  in  addition. 
The  nitrous  oxid  enters  the  mixing  chamber  directly  fnim  the  lube  /.  The  oxygen  first 
enter?  the  oxygen-chamber  or,  and  thence  pas.ses  to  the  mixing  chamber  thiough  a  series  of 
ten  small  holes,  which  are  opened  one  by  one  as  the  handle  A  is  moved  round,  and  are  indi- 
cated by  the  figures  I  to  lO  on  the  dial-plate.  Between  the  mixing  chamber  and  the  face-pief:e 
/"are  two  valves,  one  acting  during  inspiration,  the  other  during  expiration,  so  that  if  the 
face-piece  tits  properly,  the  patient  must  inhale  from  the  apparatus  and  expire  into  the  air. 
The  two  compartments  of  the  bag  are  tirst  nearly,  but  not  quite,  filled  with  the  respertive 
gases,  the  pointer  of  the  handle  pointing  to  "Air."  There  should  not  be  a  positive  pressure 
in  the  bag.  The  face-piece  is  then  accurately  applied,  and  the  patient  told  lo  breathe 
deeply  and  regularly.  The  handle  is  now  turned  so  as  to  admit  nitrous  oxid,  and  then 
immediately  to  i  or  2  on  the  dial-plate.  The  patient  is  now  breathing  nitrous  oxid  with  a 
very  small  per  cent,  of  oxygen.     The  proportion  of  oxygen  admitted  to  the  mixing  chamber 


The  amount  of  oxygen  given  must  depend  on  the  sort  of  patient 
with  whom  we  have  to  deal.  In  children,  anemic  women,  and  aged 
persons,  it  maybe  admitted  rapitll)',  beginning  with  the  pointer  at  i, 
and  proceeding  one  number  at  a  time  ever)*  two  or  three  breaths,  until 
the  maximum  (lo)  is  reached.  If  any  sign  of  cyanosis,  stertor.  or 
twitching  of  the  muscles  appear,  the  oxygen  shouhl  be  increased  more 
rapidly;  if,  on  the  other  hand,  tlierc  arc  symptom.s  of  excitement,  cry- 
ing out.  etc.,  it  should  be  given  more  slowly  or  diminished.  In  dealing 
with  robust,  full-blooded  patients,  caution  must  be  observed  in  increas- 
ing the  oxygen,  .is  symptom.*:  of  excitement  are  apt  to  occur. 

The  average  time  required  for  the  induction  of  anesthesia  is,  accord- 
ing to  Hewitt,  one  hundred  and  ten  seconds.     At  the  end  of  that 
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time,  if  the  case  has  progressed  favorably,  the  patient  should  be  tran- 
quil, breathing  quietly  with  perhaps  slight  stcrtor,  the  color  natural,  the 
pupils  contracted,  the  conjunctiva  insensitive,  and  the  muscles  relaxed. 
If  the  operation  be  one  about  the  mouth,  the  face-piece  b  now  removed 
and  the  operator  proceeds.  If  the  site  nf  operation  be  away  from  the 
mouth,  the  f.icc-piccc  can  be  kept  in  position  and  the  anesthesia  main- 
tained for  ten  or  fificen  minutes  vet)'  satisfactorily.  In  these  cases  it 
may  be  found  that  the  patient  becomes  cyanosed  even  with  the  maxi* 
mum  amount  of  oxygen,  and  that  tt  is  necessary  to  give  an  occasional 
breath  of  air  by  raising  the  face-piece.  It  has  been  employed  for  longer 
operations  of  half  an  hour  and  more,  but  in  such  prolonged  administra- 
tions it  is  difficult  to  maintain  a  uniform  degree  of  anesthesia  and  to 
keep  the  patient  quiet  and  relaxed  throughout;  also  a  good  deal  of 
sickness  and  discomfort  is  likely  to  occur  after  these  cases.  On  tlie 
other  hand,  after  short  administrations,  the  patient  generally  recovers 
almost  as  quickly  as  after  nitrous  oxid  alone,  and  without  disagreeable 
after-clTects.  It  follows,  therefore,  that  for  long  operations  ether  or 
chloroform  is  to  be  preferred. 

Administration  of  Nitrous  Oxid  and  Ether. — The  induction  of 
anesthesia  with  nitruu.s  oxid  and  its  mamtcnancc  with  ether  has  long 
been  practised  in  England,  and  is  now  done  considerably  in  America. 
It  is  more  agreeable  for  the  patient  than  ether  alone,  saving  him  all 
odor  and  sense  of  sufTiicatiun,  and  plunging  him  rapidly  and  safely  into 
deep  anesthesia  without  struggling  or  excitement. 

The  most  satisfactory  are  those  forms  of  apparatus  which  furnish 
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both  gas  and  ether,  and  by  their  mechanism  place  the  transition  from 
one  agent  to  the  other  under  easy  control  of  the  anesthetist.  Such 
are  the  Clover-Hewitt  (London)  and  the  Bennett  {New  York)  com- 
t»ncd  gas-  and  ether-inhalers. 

The  Clover-Hewitt  apparatus  is  much  used  in  England,  but  little, 
if  at  all,  in  the  United  States.     It  consists  of  a  Clover's  ether-inhaler 


Kmtovs  oxrD,  ere. 

{Fig.  187)  used  in  combination  with  the  bag  of  Hewitt's  nitrous  oxid 
apparatus  (Fig.  185). 

Administration, — The  ether-chamber  is  charged  with  ether  and 
fitted  with  a  suitable  face-piece.  The  bag  is  filled  with  gas  from 
the  cylinder,  the  iiandle  //  (Fig.  185)  shutting  off  the  g;is  from  the 
stopcock. 

The  distended  bag  can  then  be  detached  from  the  supply-tube,  the 
gas  being  prevented  from  escaping  at  the  lower  end  by  turning  the  tap 
.v.  The  amount  of  ga.s  in  the  bag  is  quite  sufficient  for  one  adminis- 
tration. The  inhaler  is  applied  to  the  face,  and  the  distended  gas-bag 
fitted  to  it.  Air  is  first  freely  breathed  through  the  valves.  The  gas 
is  next  put  into  comnmnicatioii  with  the  inhaler,  so  that  the  patient 
now  mspires  gas  and  expires  into  the  air,  the  valves  being  in  action. 
The  pointer  of  the  indicator  all  this  time  stands  at  O.  A  vcr>'  few 
deep  breaths  are  enough  to  cause  unconsciousness,  and  when  about 
half  the  gas  in  the  bag  has  been  exhausted,  the  valves  are  put  out  of 
action  by  the   handle  li.  and  the   patient   breathes  into  and  out  of 
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the  bag.  The  ether  is  now  gradually  turned  on,  though  the  rotation 
of  the  ether-chamber  is  more  rapid  than  when  gas  is  not  used.  Thus, 
ether-vapor  is  mixed  with  the  ga.*;,  ;mtl  the  patient  is  very  soon  under 
its  influence.  No  air  should  be  given  until  the  anesthesia  is  com- 
plete, which  should  be  in  from  two  to  three  minutes  from  the  com- 
mencement. The  breathing  will  now  be  stertorous,  and  there  will  be 
some  amount  of  cyanosis.  The  large  bag  is  removed  at  this  stage 
and  the  small  ether-bag  put  in  its  place,  air  being  then  admitted  for  the 
first  time. 

An  improvement  on  the  Clover- Hewitt,  and  probably  the  most 
satisfactory  apparatus  for  administering  gas  and  ether,  is  the  one 
invented  by  Thomas  L.  Bennett,  of  New  York,  and  now  used  in  the 
principal  New  York  Hospitals. 

Bennett i  apparatus  consists  of  (i)  a  metal  fece-picce  with  an  inflat- 
able rubber  cushion  and  an  air-tap.  A  (Fig.  188);  (2)  a  metal  ether- 
chamber  B^  which  connects  with  the  face-piece.     The  ether-chamber 
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contains  a  wire  cage,  which  is  firmly  packed  with  gauze  for  each 
administration.  The  cage  is  smaller  than  the  chamber,  and  thus  leaves 
a  considerable  space  for  the  passage  of  air  around  the  gauze.  Tunnel- 
ling the  ether-chamber  and  cage  is  an  air-shaft.  The  mechanism  is 
such  that,  having  saturated  the  gauze  in  the  chamber  with  ether,  and 
turned  the  thumb-screw  so  that  the  indicator  points  to  "air,"  ether  is 
shut  off  and  the  air-shaft  is  made  to  communicate  with  the  face-piece. 
and  at  its  upper  end  with  the  gas-chamber.  This  is  provided  with 
an  inspiratory  and  an  expiratory  valve,  which  may  be  thrown  out  rf 
action  by  turning  the  thumb-screw.  It  connects  at  its  lower  end  with 
the  ether-chamber,  and  at  its  upper  end  with  the  gas-bag.  This 
has  a  capacity  of  about  two  gallons,  which  is  enough  for  one  adminis- 
tration. It  is  fitted  with  an  air-tap  E  and  a  stopcock  F.  The  ether- 
bag  fits  onto  the  ether-chamber  after  removal  of  the  gas-chamber. 

Administration} — The  ether-chamber  is  charged  with  ether,  and  the 
stopcock  turned  so  that  the  indicator  is  at  "  air."  The  gas-bag  is 
filled  with  gas,  detached  from  the  tube  at  the  stopcock  F,  and  fitted  to 
the  gas-chamber.  The  gas-chamber  is  now  connected  with  the  ether- 
chamber.  The  face-piece  being  properly  applied,  air  enters  at  E  and  is 
breathed  through  valves.  The  tap  E  is  now  closed,  and  gas  is  breathed 
through  valves.  When  the  bag  has  been  two-thirds  emptied,  the  aper- 
ture D  is  closed  by  turning  the  thumb-screw  of  the  gas-chamber. 
Gas  is  now  breathed  back  and  forth.  The  patient  is  at  this  time 
unconscious  or  nearly  so,  and  the  index  is  turned  toward  "ether"  as 
slowly  as  is  necessary  to  avoid  the  effects  of  too  strong  ether  fumes, 
until  the  upward  limit  of  the  index,  or  "  full  ether,"  is  reached. 

In  about  one  minute  signs  of  complete  anesthesia  will  appear  if  the 
face-piece  has  been  well  applied  (cyanosis,  jerky,  snoring  respiration, 
twitching  movements  in  the  extremities),  and  are  to  be  met  by  opening 
the  tap  E  for  two  or  three  respirations.  The  tap  is  again  closed,  and 
the  inhalation  of  gas  plus  ether  is  continued,  an  occasional  breath  or 
two  of  air  being  allowed.  In  this  way  the  gas  anesthesia  subsides 
while  the  ether  narcosis  becomes  complete.  After  about  one  and  a 
half  minutes  the  gas  maybe  discontinued;  the  gas  inhaler  and  bag 
should  be  removed,  and  the  ether-bag  substituted. 

When  anesthesia  is  complete,  it  may  be  maintained,  if  desired,  by 
an  open  cone,  although  in  skilled  hands  very  satisfactory  results  are 
obtained  by  continuing  with  the  Clover  or  Bennett  ether-inhaler. 

Braiiies'  Method, — A  full  dose  of  nitrous  oxid  is  given  from  any  of 
the  numerous  gas-inhalers  used  in  dentistry,  and  the  anesthesia  thus 
induced  is  maintained  by  changing  to  an  ordinary  ether-cone  or  other 
form  of  ether-inhaler. 

To  perform  successfully  this  method  requires  long  practice,  and  in 
unskilled  hands  it  is  usually  attended  by  a  large  percentage  of  failures. 
When  signs  of  complete  gas  anesthesia  appear,  the  face-piece  should 
be  removed  during  an  expiration. 

According  to  the  degree  of  cyanosis,  the  following  inspiration 
should  be  of  air  or  of  ether.  To  control  the  patient  it  is  usually 
necessary  to  prevent  at  first  a  rather  strong  ether-vapor,  and  this  is  apt 
to  result  in  a  disconcerting  or  even  dangerous  degree  of  reflex  apnea. 

'  The  following  directions  are  from  the  circular  which  is  sold  with  the  Benaett  apparatus. 


Much  more  gas  is  required  than  in  the  combined  inhaler*;,  and  the 
app.iratus  is  usually  cumbersome. 

The  nit ro US-ox Jd-ether  sequence  is  safe  and  satisfactory  in  most 
cases.  It  should  be  used  with  great  caution,  if  at  all,  in  ver\'  young 
children  and  in  the  ajjed.  It  j^hould  not  be  used  when  respiratory 
affections  or  atheroma  is  present.  ]t  should  be  used  with  great 
caution,  if  at  all.  in  cardiac  cases. 

Administratioii  of  Chloroform. — Chloroform  should  always  be 
given  b)'  the  open  method — ;.  (■.,  with  a  free  admixture  of  air. 

One  of  the  sinlplest  and  best  inhalers  is  a  piece  of  lint  folded  on 
itself  so  as  to  make  a  square  piece  of  double  thickness,  measuring 
five  or  six  inches.     Tlicre  are  several  advantages  in  this : 

1.  The  evaporation  of  the  vapor  is  very  rapid,  and  the  admixture  of 
air  ver>'  free. 

2.  There  is  little  danger  of  blistering  the  face,  as  the  lint  does  not 
get  soake<l  with  the  liquid,  and  is  held  slightly  off  the  face. 

3.  It  frightens  children  much  less  than  a  more  bulky  apparatus. 

A  few  ilrops  of  chloroform  arc  sprinkled  on  the  lint  from  a  drop 
bottle,  and  the  lint  is  at  first  held  at  some  little  distance  from  the  face. 
Very  soon  more  is  added,  and  this  is  done  at  short  inter\'als,  before  the 
previous  supply  has  entirely  evaporated,  each  time  slightly  increasing  the 
dose,  and  turning  the  lint  with  the  wet  side  toward  the  face.  The  lint 
is  also  brought  closer  to  the  faci.  but  without  allowing  it  to  touch. 
The  strength  nf  the  vapor  is  thus  gradually  increased,  so  that  the 
patient  soon  becomes  accustomed  to  it  without  any  disagreeable  sense 
of  suffocation,  and  breathes  freely.  The  strug^lnig  stage  is  soon 
reached,  and  hcr^  great  care  must  be  observed,  especially  if  the  strug- 
gling is  violent.  If  the  respiration  is  free,  the  administration  should  be 
steadily  continued  by  small,  frequent,  and  gradually  increasing  doses. 
If  any  respiratory  abstructii.n  occurs,  the  ndministratii»u  must  be  with- 
held till  the  breathing  is  free  again.  This  may  usually  be  effected  by 
drawing  forward  the  lower  jaw.  The  pupils  at  this  stage  are  usually 
dilated.  The  patient  soon  passes  into  a  state  of  tranquil  anesthesia,  the 
muscles  arc  rela.xed.  the  breathing  regular,  the  pupils  contracted,  and 
the  conjunctiva  insensitive.    The  operation  may  now  be  begun. 

From  this  point  the  anesthesia  Is  to  be  maintained  as  far  as  possible 
at  the  same  level.  The  chloroform  is  no  longer  increased  each  lime, 
but  small  doses  are  frequently  administered.  At  no  time  should  a 
large  quantit)'  be  added,  and  as  the  operation  proceeds  the  amount 
should  be  decreased  gradually,  for  the  longer  the  anesthesia  lasts  the 
less  chloroform  is  required. 

A  careful  watch  should  be  kept  on  the  pupils,  which  should  be 
maintained  at  their  greatest  possible  degree  of  contraction.  This  is 
best  done  by  a  steady  and  frequent  addition  of  small  quantities  of 
chloroform.  If  dilatation  occurs,  it  may  be  cither  a  reflex  effect  due  to 
insufficient  anesthesia  or  the  result  of  an  overdose.  In  the  first  case 
conjunctival  reflex  will  usually  be  present,  in  the  latter,  absent;  but  if 
tlicre  is  any  doubt  as  to  the  cause  of  the  dilatation,  the  anesthetic  must 
be  withheld  till  the  doubt  is  removed. 

The  respiration  is  to  be  watched  very  carefully.  If  any  obstruction 
occurs,  the  chin  must  be  drawn  forward,  or  the  mouth  opened  and  the 
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tongue  drawn  out  of  the  mouth.  If  the  respirations  become  shallow 
and  the  face  pale,  the  anesthetic  must  be  stopped,  the  head  lowered,  the 
tongue  drawn  forward,  and,  if  necessary,  artificial  respiration  performed. 

The  condition  of  the  pulse  must  be  carefully  attended  to  through- 
out the  administration.  Under  chloroform  there  is  a  liability  to  de- 
pression of  the  circulation,  and  any  failure  of  the  pulse  should  be  a 
warning  to  diminish  or  discontinue  the  anesthetic. 

During  a  lengthy  operation,  if  the  pulse  begins  to  fail  and  the 
patient  shows  other  signs  of  faintness,  it  is  a  good  plan  either  to  change 
to  ether,  or  to  mix  equal  parts  of  ether  and  chloroform  in  the  drop- 
bottle  and  administer  the  mixture  on  lint.  The  pulse  will  generally 
improve  under  the  stimulation  of  the  ether,  and  the  patient  be  enabled 
to  go  through  the  rest  of  the  operation  without  further  trouble. 

In  slight  degrees  of  faintness,  sharp  rubbing  of  the  lips  and  face 
with  a  warm  dry  towel  acts  as  an  excellent  stimulant,  causing  both 
pulse  and  color  to  improve.  In  cases  of  serious  respiratory  or  cardiac 
failure,  artificial  respiration  should  be  at  once  resorted  to,  first  seeing 
that  the  way  is  clear  for  the  entrance  of  air  to  the  lungs.  Sylvester's 
method  is  the  most  satisfactory,  and  should  be  performed  deliberately, 
the  chest  being  compressed  not  more  than  sixteen  times  in  the  minute, 
and  sufllicient  time  allowed  for  its  thorough  expansion  after  each  com- 
pression. Ether  may  be  injected  subcutaneously,  and  heat  and  elec- 
tricity applied ;  but  they  should  not  interfere  with  the  artificial  respira- 
tion, which  is  by  far  the  most  important  means  of  resuscitation. 

Chloroform,  as  has  been  said  before,  is  borne  better,  and  the  danger 
of  cardiac  and  respiratory  failure  is  much  less,  if  anesthesia  has  been 
induced  by  ether  or  nitrous  oxid  and  ether.  This  should  always  be 
done  if  possible,  the  patient  being  placed  fully  under  the  influence  of 
ether,  and  thus  efficiently  stimulated.  Children  take  chloroform  well, 
but  are  easily  overdosed,  so  great  care  should  be  taken  to  add  the 
anesthetic  in  very  small  quantities  and  to  give  air  freely. 

A.  C.  E.  and  other  Mixtures. — The  A.  C.  £.  mixture  is  administered 
generally  by  means  of  a  leather  or  celluloid  inhaler  containing  a 
sponge,  and  having  holes  in  the  top  for  the  admission  of  air.  Other 
mixtures  containing  a  larger  proportion  of  chloroform  may  be  given 
on  lint. 

A.  C.  E.  is  often  used  as  a  preliminary  to  ether  in  certain  cases,  espe- 
cially alcoholic  and  fat  patients,  but  it  may  also  be  employed  during 
the  whole  administration.  The  same  precautions  must  be  observed  as 
in  the  administration  of  chloroform,  especially  as  to  the  free  admission 
of  air  and  the  addition  of  small  quantities  of  the  anesthetic. 

An  excellent  apparatus  for  continuing  anesthesia  in  operations 
about  the  nose,  mouth,  and  throat  is  that  devised  by  Dr.  Thomas  Fille- 
brown,  of  Boston,  and  elaborated  by  his  assistant.  Dr.  M.  F.  Rogers 
(Fig.  189). 

The  principle  of  this  is  to  intensify  the  strength  of  ether-vapor  by 
heating  ether.  Anesthesia  is  induced  in  the  ordinary  way,  and  is  main- 
tained by  playing  a  constant  stream  of  warm  ether-vapor  into  or  over 
the  mouth.  Thus  no  tube  in  the  mouth  nor  catheter  in  the  nose  is 
required,  and  the  use  of  chloroform  is  dispensed  with. 

A  foot-bellows  (^j  forces  air  through  an  afferent  tube  (/)  into  a  bottle 
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These  temperatures  are  approximately  maintained  in  prolonged 
operations  by  a  gentle  flame  from  a  shielded  alcohol  lamp  (/),  or  in 
short  operations  by  simply  changing  the  water  in  the  outer  boiler  at 
intervals  of  twenty  to  thirty  minutes. 

Near  the  end  of  the  efferent  lube  is  a  stojKock  (s)  which  regulates 
the  percentages  of  air  and  ether-vapor  delivered  by  the  apparatus.  The 
efferent  tube  terminates  in  a  metal  tube  bent  at  a  right  angle.  A 
second  stopcock  {sr)  regulates  the  air-pressure  from  the  foot-bclIows. 
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CHAPTER    XV. 
TUMORS. 

The  abnormal  conditions  to  which  the  term  tumor  is  applied  in 
clinical  work  may  be  arranged  in  four  groups:  i.  Connective-tissue 
tumors ;  2.  Epithelial  tumors ;  3.  Dermoids ;  4.  Cysts. 

Each  group  contains  several  genera,  and  each  genus  comprises  one 
or  more  species.  The  principle  of  classification  (as  well  as  an  enumer- 
ation of  the  genera)  is  described  with  each  group.  The  definition  of 
each  genus  and  its  species  is  given  separately. 

Before  beginning  the  systematic  description  of  the  various  groups, 
it  is  necessary  to  consider  some  peculiarities  relating  to  the  effects  of 
tumors  upon  the  individual,  which  are  of  the  greatest  clinical  importance. 

In  the  connective-tissue  and  the  epithelial  groups  some  of  the 
genera  display  what  is  known  as  malignancy ;  hence  it  is  customary  to 
speak  of  tumors  as  being  innocent  or  malignant. 

Malignant  Tumors. — ^These  exhibit  the  following  characters:  i. 
They  infiltrate  the  surrounding  tissues ;  2.  They  infect  adjacent  lymph- 
glands  ;  3.  They  tend  to  recur  after  removal ;  4.  They  become  dissem- 
inated in  distant  organs ;  and  5.  They  inevitably  destroy  life. 

Innocent  Tumors. — These  are,  as  a  rule — i.  Encapsuled,  and,  whm 
diffuse,  do  not  infiltrate ;  2.  They  do  not  infect  the  lymph-glands ;  3. 
Nor  recur  after  complete  removal ;  4.  They  do  not  disseminate ;  and  5. 
They  imperil  life  only  when  they  grow  in  the  vicinity  of  vital  organs. 

There  are  two  genera  of  tumors  to  which  the  adjective  malignant  is 
especially  applicable — sarcomata  and  carcinomata. 

It  is  important  to  bear  in  mind  that  innocent  tumors  may,  and  often 
do,  destroy  life.  The  essential  difference  between  an  innocent  and  a 
malignant  tumor  may  be  expressed  thus :  The  baneful  effects  0/ innocent 
tumors  depend  entirely  on  their  emnronment,  but  malignant  tumors  destroy 
life  whaiei'cr  their  situation. 

KuTirontueut. — It  should  be  borne  in  mind  that  environment 
exercises  an  important  influence  on  the  rapidity  with  which  a  malignant 
tumor  destroys  life.  It  may  be  useful  to  describe  some  examples 
which  will  illustrate  the  importance  of  environment  in  relation  to  the 
destructive  effects  of  tumors  of  all  kinds. 

A  tumor  consisting  of  hyaline  cartilage  (a  chondroma)  is  a  typical 
example  of  a  benign  species.  The  specimen  represented  in  Fig.  190 
arose  in  the  submaxillary  gland  of  a  woman.  When  first  detected  it 
was  as  big  as  a  cherr>'.  For  many  years  the  tumor  grew  very  slowly 
and  caused  little  inconvenience.  After  forty-four  years  the  mass 
became  so  cumbrous  that  she  submitted  to  operation,  having  attained 
the  age  of  seventy-four.     She  happily  recovered. 
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PtO.  190. — CbonilToma  o(  the  •ubniimillarv  gUnd  which  bad  been  i1owl<r  groMing  for  fony-roor 

yvan. 


Fli:.  t9t. — ChondToiRa  nf  Ihv  Inwtr  lhonici<r  vFriebne,  An  outmnncT  has  cwpt  Into  the 
Dfiintl  otiut  lhroa(h  an  mimcmbnil  forwrtpn  (Muieum  of  St  Banholonmr't  Hospinl, 
I^ndon). 
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This  tumor  may  be  contrasted  with  tlic  crlioiidroma  represented  in 
Fig.  191.  ijrowiiig  from  the  outer  surface  of  a  thoracic  vertebra  and  its 
corresponding  rib.  An  nutriinner  from  tlie  tumor  has  crept  through 
an  intervertebral  foramen  anti  spread  upward  and  downward  in  the 

neural  canal ;    it  compressed  the   spmal 
cord,  and  produced  fatal  paraplegia. 

Tiie  h;dfful  eficcts  of  environment  are 
strikingly  illustrated  in  the  following 
case :  A  man  thirty-six  years  of  age  was 
found  lying  on  his  back  in  the  street, 
apparently  \\\  a  ftt.  but  he  quickly  died 
At  tlic  post-mortem  examination  a  tumor 
no  bigger  than  a  dove's  egg  was  found 
firmly  connected  with  the  windpipe;  it 
had  so  compressed  the  trachea  as  to 
almost  obliterate  its  channel  (Fig.  192) 
Microscopically,  the  tumor  exhibited  tlic 
character  of  the  thyroid  gland.  It  may 
have  origiiialcil  in  an  accessory  thyroid 
or  even  in  a  parathyroid. 

The  preceding  examples  illustrate  the 
fact  that  when  an  innocent  tumor  causes 
death,  it  is  an  accident  depending  entirely 
on  its  relation  to  vital  organs. 

The  following  illustration  deni<mstmtes 
the  dangerous  character  of  a  malignant 
tumor.  A  man  sixty-five  years  of  age 
had.  as  long  as  he  could  remember,  a 
small  black  patch  1  cm.  (0.4  inch)  in 
diameter  on  the  sole  of  his  foot.  Without 
any  obvious  reason,  this  small  black  area 
increased,  became  slightly  raised,  and  began  to  piiUatc.  Shortly  after- 
ward llie  lymph-glands  in  the  groin  enlarged  and  formed  a  big  lobu- 
lated  mass,  and  in  the  course  of  a  year  the  man  died  with  secondary 
black  nodules  in  the  lungs,  livrr.  kidney,  spleen,  anti  skin.  The  urine 
also  contained  black  pigment  (melanin). 

It  is  when  tumors  arise  in  a  situation  such  as  this,  remote  from 
important  organs,  and  yet  destroy  life  in  a  few  months,  that  malignancy 
is  must  significantly  expressed. 

WJien  a  malignant  tumor  interferes  with  vital  organs,  it  may  cause 
death  very  six-etHly.  For  instance,  the  lower  half  of  the  esophagus 
with  its  gastric  orifice,  represented  in  Fig.  193,  was  removed  after  death 
from  a  man  fort>'-six  years  of  age,  He  experienced  slight  irritation  in 
the  throat  while  eating,  and  this  sJ^nptom  increased  so  quickly  that  in 
five  months  the  coninumication  between  Uic  esophagus  and  the  stomach 
was  obstructed,  and  he  died  of  starvation.  Tlic  tumor  is  a  carcinoma, 
shai>ed  like  a  cotton  bobbin.  The  narrow  part  of  the  tumor  was  gripped 
by  the  esophagcid  opening  of  the  diaphragm,  and  the  broad  ends  pro- 
jected, one  above  and  one  below  this  muscle. 

One  of  the  most  striking  facts  in  connection  with  malignant 
is  the  insidious  way  in  which  they  will  involve  organs,  and 


'i^^m^ 


y-^ 
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which  cofiiorevti!<l  the  Imichea  nml 
OAuaed  dcNin. 
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rise  to  few  signs  until  they  interfere  with  its  function.     Many  malignant 
tumors  arising  in  the  pelvic  organs  of  men  and  women  run  a  rapidly 
fntiil  course,  because  they  inipllcale  the  bladder  and  the  vesical  ends  of 
the  ureters,  and  set  up  renal 
disturbance  and  urenitn. 

It  is  a  marked  feature  of 
malignant  tumors  that  when 
the  primary  tumor  implicates 
a  vital  organ,  it  may  destroy 
life  before  thert-  has  been  time 
for  dissemination  to  occur; 
when  the  envirorment  is  un- 
favorable, then  death  is  often 
induced  by  secondarj-  nod- 
ules occupying  imjxirtant 
organs,  such  as  the  lung,  hver, 
brain,  etc. 

Innocent  tumors  differ 
from  malignant  ones  in  the 
fact  that  the}'  may  occur  in 
muhiples.  It  is  common 
enough  to  6nd  5,  10,  and 
even  20  subcutaneous  li(>n- 
mata  on  an  individual.  Fifty 
and  even  1 000  neurcunata 
have  been  counted  on  the 
nerves  of  one  man.  Ten 
or  100  fibroids  may  grow 
concurrently  in  a  uterus,  and 
3  or  more  nevi  have  often 
been  observed  on  the  skin 
of  an  infent  Chondromata, 
ostcumala.  and  odontomata 
occur  in  multiples  ;  while  o^-a- 
rian  dermoiils  and  .ulenomata 
are  frequently  bilateral. 

Adenomata  are  often  found 
in  both  mammx,  and  two  or 
three  sometimes  grow  concurrently  in  the  same  breast.  MuUiple 
adenomata  arc  by  no  means  rare  in  the  thyroid,  prostate,  and  liver. 
Psammoniata.  though  rare  ti:mors.  oft<-n  occur  bilaterally  in  connec- 
tion with  the  choroid  pk-xuses  of  tlu-  brain. 

It  is,  however,  rare  to  find  two  primary  sarcomata  save  in  paired 
organs.  Hilatcral  sarcomata  of  the  kidney,  retina,  and  ovary  of  infants 
arc  common.  In  one  interesting  case  a  kidney  of  an  infant  was  excised 
for  sarcoma ;  four  and  a  half  years  later  a  sarcoma  arose  in  the  remain- 
ing kidney  and  de.'*troyc<l  the  patient  (Abbe).  A  similar  condition  ha,': 
been  observed  in  cotuiectton  with  the  testis.  One  was  removed  from  a 
man  of  seventy  years  for  lymphosarcoma;  the  disease  subsequently 
arose  in  the  oppftsitc  testis  and  destroyed  the  patient  (Hutchinson). 

The  occurrence  of  two  primary  carcinomata  in  an  individual  is  exces- 
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Fig.  193- — Lower  half  of  an  Mopliagut.     It*  eutric 
orifice  ia  obkiructcd  by  a  oticiHofruL 
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sively  rare,  except  in  the  peculiar  form  of  skin-cancer  known  in  England 
as  rodent  nicer  (see  page  496). 

The  concurrence  of  primary  carcinoniata,  even  in  bilateral  organs — 
e.  ^.,  the  mnnim^e — has  rarely  been  substantiated  by  adequate  micro- 
scopical evidence. 

it  Is  cxccssiveEy  rare  to  find  two  primary  carctnumata  of  different 
genera  attacking  the  same  perstm.  My  own  experience  is  limite<l  to 
one  case.  Primary  niiimmary  carcinoma  occurred  in  a  lady  of  6fty- 
eighl  years ;  the  tumor  was  removed,  and  Its  nature  determined  by  the 
microscope.  Two  year.s  later  a  typical  carcinoma  arose  in  the  mucous 
membrane  of  the  rectum;  it  was  successfully  excised.  Of  all  the  -spedcs 
of  carcinoma,  the  mammary  and  uterine  are  most  common,  but  no 
instance  of  their  concurrence  is  recorded. 

The  coexistence  in  the  same  person  of  two  genera  of  innocent 
tumnns  is  well  known — -indeed,  is  alnmst  a  matter  of  daily  observation, 
uterine  myomata  and  ovarian  dermoids,  lipomata  and  sequestration 
dermoids,  chondromata  and  ostcomata,  etc.,  being  frequent  combinations. 
An  individual  may  have  one  or  more  innocent  tumors  for  many 
years,  and  then  a  carcinoma  may  arise,  sometimes  In  an  organ  already 

occupied  by  a  tumor.  For  example, 
the  uterus  may  be  the  seat  of  a  large 
myoma,  and  carcinoma  may  subse- 
quently arise  in  the  cervical  endo- 
metrium. 

Mammary  carcinoma  and  ovarian 
adenoma  occasionally  grow  concur- 
rently ;  or  cancer  may  arise  in  the 
mamma  a  year  or  more  after  the  re- 
moval of  a  unilateral  or  bilateral  ova- 
rian tumor. 

Two  examples  of  the  coexistence 
of  pyloric  cancer  and  ovarian  adenoma 
have  come  under  my  obser\'ation.  and 
on  one  occasion  1  removed  a  myxoma 
from  the  lower  cervical  nerves  and  a 
cancerou.s  breast  from  the  same  patient 
on  the  same  day.  A  very  rare  com- 
bination, obser\'ed  by  Hutchinson,  is 
an  adenoma  of  the  mamma  embedded 
in  a  mammary  carcinoma.  The  woman 
was  forty-six  years  of  age,  and  had 
noticed  the  lump  in  her  breast  for 
twenty  years. 

An  important  feature  of  innocent 
tumors  is  the  existence  in  most  of 
them  of  a  distinct  capsule  which  iso- 
lates them  from  the  surrounding  tissues;  those  which  are  "diffuse" 
difler  from  malignant  tumors  in  that  they  do  not  infiltrate.  This  dis- 
tinction between  an  encapsuled  and  an  infiltrating  tumor  is  shown  in 
Fig.  104:  the  isolation  of  the  adenoma  stands  in  striking  contrast  to 
the  indcfinitencss  of  the  carcinoma. 
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FiC  194. — A  tiuituii.iiii  4«ctinn,show- 
ingan  adcrnoma  i^|  ^urruiindcd  by  c:arci> 
numj  [j'l  i  Mii^cviin  of  the  KnynL  College 
of  Siirgruns,  l^undun). 
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The  infillraliny  prcipeiisiiies  of  malignant  tumors  explain  in  part  the 
frequency  and  rapidity  with  which  they  sometimes  recur  after  removal, 
for  in  attempting  its  extirpation,  the  surgeon,  unable  to  define  their  hmits, 
leaves  purlions  of  the  tumors,  and  as  tlie  life  of  these  outlying  frajjments 
is  uninfluenced  by  the  retnoval  of  the  main  mass,  tliey  continue  to  grow. 

Ifymph-g'lflJid  lufection. — This  is  a  very  remarkable  feature  in 
connection  with  carcinoma  and  cutaneous  mclanoniata.  The  cdla 
from  the  primary  tumor  are  conveyed  by  the  lymphatics  to  the  corre- 
sponding lympli-glands,  which  enlarge  and  often  form  masses  exceed- 
ing in  size  the  primary  tumor.  When,  the  lymph-glands  thus  become 
infected,  the  removal  of  the  primarj'  tumor  in  no  way  influences  them, 
for  the  carcinnniatous  elements  in  the  lymph-glands  continue  to  grow 
and  destroy  life  as  surely  as  if  the  primary  tumor  had  been  allowed 
to  persist. 

IHssetnination. — The  most  extraordinary  fact  in  regard  to  malig- 
nant tumors  is  their  tendency  to  reproduce  themselves  in  distant 
organs.  This  dissemination  is  effected  by  lymphatics  and  by  veins. 
The  products  of  this  process  are  known  as  secondary  nodules,  and 
they  agree  histologically  with  the  primaiy  tumor.  In  some  cases  the 
identity  is  so  complete  that  an  ex[>erienced  oncologist  can  often  tell 
from  the  microscopical  structure  of  a  secondary  nodule  the  situation  of 
the  primary  tumor.  Thus,  a  patient  had  many  secondary  nodules  in  his 
skin;  the  primary  scat  of  the  disease  had  not  been  detected;  one  of 
the  nodules  was  excised  and  found  to  contain  glands  such  as  occur  in 
the  stomach  and  intestine.  When  the  man  died,  a  carcinoma  was  found 
at  the  pyloric  end  of  the  stomach. 


L  CX)NNECTIVE-TISSUE  TUMORS. 

Virchow  (1863)  demonstrated  that  all  the  ti.ssues  found  in  tumors 
have  a  physiological  prototype,  and  as  complete  ignorance  exisLs  as  to 
the  patiiogencsis  or  cause  of  tumors,  it  is  necessary  for  the  purpose  of 
classification  to  use  their  structural  (histologic)  characters  as  a  base. 
Hence  it  is  customary  to  classify  the  tumors  of  this  group  into  genera 
according  to  the  tissue  which  preponderates; 


1.  Lipomata. 

2.  Chondromata. 

3.  Osteomata. 

4.  Od  on  to  mala. 

5.  Fibromata. 

6.  Myxomata. 

7.  Gliomata. 


8.  Neuromata. 

9.  Angiomata. 

10.  Lymph  angiomata. 
i  I.  Myomata. 

12.  Myelomata. 

13.  Sarcomata. 


Before  discussing  each  genus,  it  will  be  useful  to  point  out  that 
Virchow's  great  generalization  has  been  so  well  established  that  if  the 
student  were  asked  to  enumerate  tlie  primary  tumors  likely  to  occur 
in  a  particular  organ,  it  would  be  merely  ncce5.sary  to  make  a  list  of 
the  various  structures  and  tissues  composing  it  in  order  to  answer. 
To  put  the  matter  briefly,  it  may  be  said  that  the  structure  and  embry- 
ology of  an  organ  are  guides  to  the  tumors  which  may  arise  therein. 
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Take,  for  instance,  the  tibia  of  a  child  of  ten  years;  it  contains  carti- 
lage, bone,  periosteum,  fat,  and  red  marrow.  Kach  of  these  tissues 
may  give  rise  to  a  tumor.     Thus  the  epiphyseal  cartilage  may  be  the 

source  of  a  chondroma   or   an 
osteoma ;    the   periosteum    fu  r- 
nishes  sarcomata  and  occasion- 
ally lipomata ;   and   myelomata 
arise   in  the  red  marrow.     Epi- 
CoHf^/Uf      tli<-'hal  tumors — cancers — do  not 
litnu  uri/A    arise  primarily  in  bone,  as  it  has 
mf    mMT-    f^Q   epithelium,   but   they   often 
occur  as  secondary  de|x>sits. 

The  doctrine  of  tissue-proto- 
types is  admirably  illustrated  in 
the  case  of  the  kidney.  This 
organ  Is  a  compound  gland  con- 
sisting of  a  nuillitude  of  cnni- 
plicated  (iiriniferou-i)  tubules, 
lined  with  epithelium.  These 
tubules  open  into  a  dilatation 
(the  pelvis)  at  the  upper  end  of 
the  ureter.  The  renal  i>elvis 
with  its  recesses  (infundibula) 
consists  of  unstriped  muscle- 
tissue,  lined  with  epithelium. 
The  sinus  of  the  kidney,  besides 
accommodating  the  ureter,  renal 
vessels,  and  nerves,  is  occupied 
by  connective  tissue.  In  addi- 
tion, snuill  tietriched  adrenals  are 
occasionally  fnunil  enibeddcil  in 
the  renal  cortex  immediately  be- 
neath the  capsule. 

Taking  our  knowledge  of  the 
structure  of  the  kidney  into  ac- 
count, we  should  expect  to  find 
tumors  arising  in  it  which  could 
be  accredited  to  the  following 
genera:  Adenoma  and  carcinoma 
originating  in  the  cortex;  sar- 
coma growing  from  the  connec- 
tive tissue  of  the  sinus  ;  myornata 
starting  from  the  pelvis,  and  papillomata  from  its  h'ning  epithelium ; 
and,  lastEy,  tumors  from  the  .accessory  adrenals  lodged  in  its  cortex. 
So  far,  a  true  renal  adenoma  has  yet  to  be  demonstrated,  but  the 
remaining  genera  have  been  repeatedly  observed. 

Although  our  knowledge  of  the  intimate  structure  of  tumors,  thanks 
to  differential  staining  methods,  is  now  sufficient  to  enable  us  to  indicate 
from  the  structure  of  an  organ  the  genera  of  tumors  to  which  it  may  be 
liable,  nevertheless  the  most  careful  study  of  the  minute  structure  of  such 
organs  as  the  salivary  glands  would  not  lead  us  to  suspect  their  liability 
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Fig.  195.— Sarcoma,  of  the  Itbia  in  a  girl,  in 
section, 
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to  purcchondromata;  and  it  is  "passing  straiigc"  that  they  should  occur 
in  the*  parotid.  subm;ixillarj'.  and  lacrimal  glands,  and  yet  be  unknown  in 
tht  pancreas.  What  oncologist,  merely  from  studying  the  histology 
of  a  normal  ovary,  would  suspect  that  it  would  be  the  point  of  origin  of 
a  dermoid  ?  It  is  like  studying  the  fauna  of  a  countr)-.  For  instance, 
who  suspected,  untiL  Australia  was  discovered,  the  existence  of  extra- 
ordinar>'  inaiinnals  like  kangaroos  and  duck  moles?  But  knowledge 
gained  from  observation  enables  us  to  state  that  gliomata  do  not  arise 
in  bone,  nor  niyoniata  in  the  brain,  nor  dermoids  in  the  spleen,  liver,  or 
kiilney,  with  the  same  certainty  that  we  assert  that  at  the  present 
]>eriod  of  our  planet's  hi5tor>"  lions  do  not  sport  about  the  ice-fields 
of  Greenland,  nor  humming-birds  flit  about  the  flower-beds  of  Hyde 
Park. 

It. is,  however,  necessary  to  point  out  that,  although  the  tissues  of 
an  organ  (Jeterniine  the  species  of  tumors  to  which  it  may  be  liable, 
ihtrir  relative  fref|uency  can  be  gathered  only  from  obser\'ation. 

Tiie  liabilitj'  of  organs  to  tumors  composed  of  similar  tissues  is  a 
vcr>*  curious  matter.  The  heart  is  with  excessive  rarit>*  occupied  by 
a  tumor:  on  the  other  hand,  the  uterus,  a  muscular  organ,  is  with 
extreme  frequency  the  seat  of  myomata.  The  liability  of  bones  to 
sarcomata  is  proverbial,  yet  a  sarcoma  of  a  volunlarj'  muscle  is  a 
rarity.  A  primary  tunmr  of  the  lung  is  regarded  as  a  phenomenon, 
but  it  is  common  enfiugh  in  the  brain.  It  is  also  mysterious  why  a 
sarcoma  of  the  shaft  of  the  femur  or  of  the  humerus  should  be  the 
dcadhest  of  all  tumors.  These  and  many  kindred  questions  indicate 
profound  imperfection  in  our  knowledge. 

Xripotuata  {Fatty  Tumors). — These  ttmiors  are  composed  of  fa». 
The  genus  consists  of  a  single  species.  They  occur  in  connection  with 
almost  every  organ  of  the  body. 

Subcutaneous  Ltpomata. — These  occur  as  irregularly  lobulated, 
cncapsulcd  tumors  in  the  subcutaneous  fat  They  are  usually  movable 
within  their  capsules,  and  the  overlying  skin  is  puckered,  especially 
when  an  attempt  is  made  to  raise  it  from  the  underlying  tumor. 

Lipomata  vary  \\\  size;  some  niay  have  a  diameter  of  z  em. 
(J  inch),  whilst  others  have  a  circumference  of  a  meter  (39.37  in.). 
In  ihe  majority  of  cases  i  tumor  is  present;  iti  others  10,  20.  or  more 
coexist.  The  favorite  situation  is  the  trunk  and  trunk-end  of  the 
limbs,  but  they  arise  on  the  face,  scalp,  palm,  sole  (Kig.  196),  Angers, 
and  scrotum.     Occasionally  they  are  pedunculated. 

There  is  a  variety,  most  frequently  seen  on  the  arms  and  thighs, 
occasionally  on  the  trunk,  and  rarely  exceeding  the  dimensions  of  a 
filbert  nut,  which  occurs  in  multiples,  and,  as  they  arc  often  painful, 
simulate  ncurtunata.  Irregular  non-encapsuled  masses  of  fat  arc  some- 
times seen  on  the  neck,  axilk-c.  and  groins  ;  thej*  are  known  as  "  diffuse 
lipomata."  Fattj*  tumors  that  have  existed  many  years  sometimes 
calcify,  the  earthy  salts  being  deposited  in  the  fibrous  .septa  of  the 
tumor.  This  change  niay  aflcct  |>eduncu]ated  as  well  as  sessile  lipo- 
mata ;  saponification  occasionally  occurs   in  old  lipomata. 

Ver>*  vascular  lipomata  are  sometimes  called  ncvolipomala :  they 
are  met  with  on  the  face  and  on  the  periosteum  of  long  bones  in  situa- 
tions where  it  is  subcutaneous. 
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Subserous  Llpomata. — The  peritoneum,  like  the  skin,  rests  upon  a 

bed  of  fat.  Uponmta  of  enormous  dimensions  arise  sometimes  in  this 
subserous  layer,  and.  like  the  subcutaneous  species,  they  may  he 
sessile  or  pedunculated.  Fatty  tumors  sometimes  arise  in  the  redup- 
lications of  the  peritoneum,  such  as  the  omentum,  mesentery,  and 
mesometrium.  When  they  drag  upon  the  peritoneum  in  the  neigh- 
borhood of  the  inguinal  rings,  the  crural  canal,  or  adventitious  opening 
in  the  linea  alba  or  diaphragm,  they  produce  finger-like  pouches  known 
as  fatty  hernlcE.  These  nrc  especially  common  in  the  neighborhood  of 
the  umbihcus.     Pedunculated  subserous  lipomata  are  usually  associ- 
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FlO.  196. — lipoma  of  the  lole  which  had  vxhird  fnr  thirty  yean,     Th«  fboi  wu  amputated  bj 
Percival  Poll  (Musenin  of  Si.  niuiholotn ear's  Hospital,  London). 

ated  with  the  culnn  ;  they  are  usually  exaggerated  epiploic  appendages. 
This  sjjecics  of  Itpoinata  sometimes  arises  in  the  s|icrniattc  ct>rd.  and 
assumes  a  characteristic  elongated,  ovoid  shape. 

Subsynovlal  Lipomata. — Many  synovial  membranes  have  fat  in 
their  deeper  layers.  This  may  project  into  the  joint,  and,  becoming 
pedunculated,  form  subsynovial  lipomata.  Usually  many — 50  to  100 
— arc  present.     Miillcr  tcrmc<l  the  condition  "  lipoma  arborcsccns," 

Submucous  lipomata  rarely  iittain  a  large  size.  They  have  been 
found  in  the  cnnjunctiva.  lips,  pharynx,  larynx,  stomach,  small  intestine, 
colon,  and  rectum.    They  may  be  sessile  or  stalked. 

Intermuscular  Lipomata. — The  connective  tissue 'of  intermuscular 
septa  is  provided  with  fat  and  is  the  source  of  fatty  tumors,  sometimes 
of  large  size.      They  occur  ct^ually  in  the  trunk  and  limbs. 

Intramuscular  Lipomata. — Many  examples  of  fatty  tumors 
ring  in  muscles  have  been  recorded.    They  have  been  found 
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biceps,  deltoid,  compEcxus,  tlic  cardiac  septum,  and  the  rectus 
abdominis. 

Periosteal  lipomatA  arise  from  the  penosteum  of  bones,  and  nearly 
always  contain  tracts  of  striped  muscle-tissue.  They  have  been 
observed  on  the  scapula,  innominate  bone,  clavicle,  humerus,  radius, 
ulna,  femur,  tibia,  fibula,  cervical  vertebrx,  and  the  frontal  boric,  and 
they  often  simulate  periosteal  sarcomata. 

Meningeal  LlponiAta. — Fatty  tumors  occur  on  the  outer  or  inner 
surface  of  the  spinni  dura  mater.  The  extradural  variety  often  over- 
lies the  .sac  of  a  spina  bifida.  Intmdural  lipomata  may  contain  tracts 
of  .'Striped  muscle-tissue ;  occasionally  they  are  associated  with  a  masked 
spina  bifida.  Fatty  tumors  growing  from  the  sheath  of  nerves  are 
sometimes  called  neurolipomata. 

Chrottdotnata  {CarUiagf  Tumors). — These  tumors  are  composed 
of  hyaline  cartilage.  The  genus  contains  three  species :  i.  Chondro- 
*mata ;  2.  Ecchondroses;  3,  Loose  cartilages  in  joints. 

Chondromata. — In  the  most  typical  condition  this  specie.s  is  met 
with  in  the  long  bones  of  the  limbs,  especially  those  of  the  hand.  They 
arise  in  connection  with  epiphyseal  cartilages  ;  hence  chondromata  are 
more  common  in  children  and  in  early  adult  life.  They  often  occur  in 
multiples,  but  solitary  examples  are  not  rare.  Those  who  have  had 
rickets  are  especially  prone  to  develop  chondromata,  and  the  tumor- 
tissue  resembles  the  bluish,  translucent  cartilage  so  characteristic  of  the 
rickety  epiphyseal  line.  Chondromata  arc  encapsuled,  painless,  grow 
slowly,  and  are  very  prone  to  mucoid  degeneration;  they  frequently 
ossify.  Tumors  composed  of  pure  hyaline  cartilage  occur  in  the 
parotid,  submaxiUarj*.  and  lacrimal  glands.  (See  Chomirif ring  Sarcoma, 
page  .jStv,) 

Ecchoiidroses  arc  local  outgrowths  of  cartilages,  and  occur  along 
the  edges  of  articular  cartilages,  especially  of  tlie  knee-joint.  They 
are  commnn  on  the  triangular  cartilage  of  the  nose,  and  occasionally 
spring  frtHji  ihe  cartilages  of  the  larynx. 

Loom  Cartilanres  of  Joints. — The  pedunculated  fringes  hanging 
from  the  synovial  memhrantrs  of  joints  often  chondrify.  ajid,  when  they 
become  detached,  give  riie  to  one  variety  of  loose  body  in  the  joint. 

Osteomata  {Bony  Tumors). — An  osteoma  may  be  defined  as  an 
ossifying  chondroma.  The  genus  contains  two  species:  I.  Compact 
or  ivory  oiteoma ;  2.  Cancellous  osteoma. 

Compact  osteomata  are  structurally  identical  with  the  compact 
tissue  of  the  shaft  of  a  long  bone.  Often  their  substance  is  as  dense 
as  that  of  the  petrosal.  They  uteur  most  frequently  on  the  bones  of 
the  skull,  especially  from  the  walls  of  the  frontal  sinus,  the  osseous 
walls  of  the  external  auditory  meatus,  the  mastoid  process,  and  the 
angle  cif  the  m^indible.     This  species  is   usually  sessile. 

Cancellous  osteomata  resemble  in  structure  the  cancellous  tissue 
of  bone.  They  usually  arise  in  the  neighborliood  of  the  epiphyseal 
lines,  and,  when  growing,  are  capped  with  cartilage,  which  bears  the 
same  relation  to  the  tumor  that  an  epiphyseal  line  bears  to  a  long  bone. 
These  tumors  may  be  sessile  or  pedunculated.  When  situated  at  the 
distal  end  of  the  radius  or  tibia,  they  arc  deeply  channelled  by  the  flexor 
and  extensor  tendons.     When  projecting  near  the  skin,  the  summit  is 


476 


INTERlfATIONAL   TEXT-BOOK  OF  SVRGRKY. 


often  surmountL'd  by  a  bursa.  This  s]h.'cIcs  may  be  single;  often  they 
arc  imiltiplc. 

Exostoses. — Often  all  bony  ouljjrowths,  including  ostcomata.  arc 
vaguely  classed  as  exostoses.  Under  the  term  exostosis  arc  included 
ossification  of  tendons  at  their  atlachments,  the  subungual  exostosis, 
and  calcified  inflammatory  exudations.  An  exostosis  is  not  a  true 
tumor 

Odontoraes  yTooth  Turners). — These  are  tumors  composed  of 
(lenUil  ti.ssin;s  in  varyiiijj  proportions  and  different  degrees  of  develop- 
ment, arising  from  teeth-germs  or  teeth  still  in  the  process  of  gro\vth. 
The  species,  determined  according  to  the  part  of  the  tooth-germ  con- 
cerned in  their  formation,  arc:  i.  Epithelial  otlontcmic;  2.  Follicular 
odontome;  3.  Fibrous  otlontorae ;  4.  Cementome;  5.  Compound 
follicular  odnnlonie;  6.  Radicular  odontome;  7.  Composite  odontome. 

Epithelial  odontomcs  arise  from  the  enamel  organ,  and  occur  as, 
encapsuled  tumors  in  the  jaws.  On  section  they  are  made  up  of  con- 
geries of  cysts  of  various  shapes  and  sizes.  Histologically  they  con- 
sist of  branching  and  anastomosing  colunnis  of  c|)ithe!ium  which  con- 
tain tissue  resembling  the  stratum  intermedium  of  an  enamel  organ. 

Follicular  Odontomes  {jyentigerous  Cyst  of  older  writers). — This 
species  is  usually  associated  witli  the  permanent  teeth.  They  arise  in 
this  way:  A  tooth  is  retained,  and  the  wall  of  the  folhde  becomes 
greatly  thickened  and  distended  with  fluid.  The  tooth  may  be  loose 
in  the  sac,  soniclinies  inverted,  or  its  root  may  be  truncated  (incom- 
plete). As  a  rule,  a  single  odontonie  is  present,  but  2  and  even  4  may 
coexi'it. 

Fibrous  Odontomes. — F.very  tooth  before  eruption  is  enclosed  in  a 
fibrous  capsule — the  tootli-sac.  This  sac  may  become  so  tliick  that 
the  tooth  is  embedded  and  remains  non-erupted.  Sometimes  it  i.%  rep- 
resented as  a  dtMiticIc.  This  species  has  often  been  described  as  mye- 
loid sarconi;!.     It  occurs  most  frequently  in  rickety  children. 

Cementome^  are  met  with  in  ruminants;  they  arc  rarely  obser^'cd 
in  man. 

Compound  follicular  odontomes  consist  of  fibrous  tumors  with 
numerous  denticles  embedded  in  their  substance,  which  erupt  from 
time  to  time. 

Radicular  odontomes  arise  after  the  crown  of  the  tooth  is  com- 
pleted, and  are  forniL-d  frnni  the  tooth-papilla.  They  consist  of  dentine 
and  ccmentum  in  vnr\'ing  proportions. 

Composite  odontomes  arc  due  to  disorder  of  the  whole  tooth-germ  ; 
they  consist  of  enamel,  dentine,  and  ccmentum  irregularly  intermixed. 

Odontomes  occur  in  the  iipjier  as  well  a-*  the  lower  jaw ;  but  all  the 
species  attain  a  far  larger  size  in  the  maxilla  than  in  the  mandible,  for 
they  arc  able  to  invade  the  antrum,  and  for  a  Lime  there  is  less  restric- 
tion to  their  growth. 

Fibromata. — These  arc  tumors  composed  of  wavy  bundles  of  dense 
fibrous  tissue.  The  bundles  consist  of  long,  slender,  fusiform  cells, 
closely  packed  together  and  frequently  arranged  in  whorls;  the  arteries 
of  the  tumnr  frequently  traverse  the  centers  of  the  vortices.  Simple 
fibromata  occur  in  the  following  situations:  On  the  gums  (epulis),  in 
the  ovary,  uterus  (fibroids),  on  nerves  (neuromata),  and  as  the  tiny 
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nodules  in  the  skin  known  ns  ]>ainful  subcutune'ous  tubercle.  It  is  a 
matter  nf  great  difficulty  tn  tietennine  histologically  between  some 
fibromata  and  slowly  growing  spin dle-cel led  sarcomata. 

Myxomata. — These  tumors  arc  composed  of  tissue  identical  with 
llrat  which  surrounds  tlie  vessels  of  the  umbilical  cord. 

The  genus  contains  a  single  species — myxoma.  Tumors  comjxised 
almost  entirely  of  myxomatous  tissue  are  very  rare,  and,  when  cut  into, 
resemble  a  mass  of  trembling  jelly,  from  which  a  quantit)'  of  straw- 
colored  fluid  drains  away.  Microscopically,  myxomatous  tissue  consists 
of  ceils  with  long,  slender,  delicate  proce-sses. 

Myxomala  arc  very  rare,  but  many  tumors  contain  tracts  nf  myxo- 
matous tissue  a»i  a  secondary  change.  This  is  especially  the  case  with 
chondromata,  fibromata,  myomala,  and  sarcomata.  The  characters  of 
rayxomata  may  be  studied  in  the  common  nasal  polypi.  These  arc 
edematous  pendulous  processes  of  mucous  membrane. 

Gliomata. — The  tumors  of  this  genus  are  composed  of  the  deli- 
cate connective  tissue  known  as  neuroglia.  It  contains  a  single  sjiecies 
— glioma. 

Gliomata  occur  only  in  the  central  nervous  system  as  tumors  imper- 
fectly demarcated  from  the  surrounding  tissue.  A  glioma  may  consist 
of  translucent  tissue  of  the  consistence  of  vitreous  humor,  or  it  may  be 
as  finn  as  the  cerebral  cortex.  The  tumors  consist  of  cells  fumi.shcd 
with  delicate  ramifying  processes :  the  cells  contain  one  or  more 
nuclei.  Gliomata  are  quite  often  very  vascular,  and  in  some  the  vessels 
are  so  numerous  that  they  have  been  described  as  cerebral  angiomata 
or  angiosarcomata. 

Gliomata  are,  as  a  rule,  solitary  tumors,  and  do  not  disseminate. 
They  are  twenty*  times  more  common  in  the  brain  than  in  the  spinal 
cord. 

Neuromata  and  Neurofibromatosia. — The  tumors  of  nerves 
fiirnicrly  grou[>ed  together  *is  neuromata  by  surgeons  have  in  recent 
years  received  careful  attention  from  pathologists,  which  has  led  them 
to  include  some  remarkable  and  apparently  diverse  conditions  under 
the  term  neuromata. 

The  nerve-centers — brain  and  spinal  cord — the  nerve-trunks  and 
their  leniiinal  twigs,  the  sympathetic  neive-cords  and  their  ganglia,  are 
all  pervaded  with  connective  tissue  of  var}'ing  degree  of  texture,  which 
is  cuarsc  in  the  gnat  sciatic  ncr^'c,  but  of  extreme  delicacy  in  the  retina 
and  brain.  The  common  and  familiar  swelling  to  which  the  term  neu- 
roma is  usually  applied  is  an  ovoid  encapsulated  tumor  composed  of 
tissue  identical  with  thai  of  the  nerve-sheath.  One  neuroma  or  many 
may  occur  u(>on  .l  nerve  or  ncrve-rcK>t :  simic  are  no  bigger  than  hemj)- 
seeds,  and  one  of  these  small  niHlules  on  the  terminal  twig  of  a  cutane- 
ous nerve  will  give  rise  to  such  |)ain  when  touched  that  it  is  called  in 
consequence  a  "  painful  subcutaneous  tubercle."  T]ie  conmion  solitary 
neuroma  has  received  a  variety  of  names  deiJcnciing  on  its  minute 
structure,  such  as  myxoma,  myxofibroma,  fibroma,  and  so  on,  the 
variety  of  texture  depending  on  degenerative  changes  in  the  lumor 
tissue. 

It  has  been  definitely  proved  that  tumors  occur  in  the  skin,  some- 
times in  great  numliers,  and  resemble  lipomat;i,  but  on  careful  examin- 
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ation  they  have  been"  found  to  contain  nerve  elements  and  in  particular 
nerve-cells.  These  are  known  ^-^  ganglionic  ucuromata,  and  it  is  sup- 
posed that  they  arise  on  the  terminal  twigs  of  the  sympathetic  nerves 
distributed  to  the  cutaneous  twigs  of  the  arteries. 

It  has  been  known  for  many  years  that  individuals  occasionally 
come  under  observation  with  tract-i  of  skin  excessively  developed  in 
the  form  of  overlapping  folds,  and  these  may  occur  on  the  trunk,  head, 
or  limbs.  This  condition  is  known  under  a  variety  of  names,  but  that 
accepted  by  the  most  recent  writers  is  moUuscmn  fiifrosvnt  (Fijj.  197). 
This  disease  may  manifest  itself  in  the  form  ol  a  multitude  of  discrete 
nodules  on  the  skin,  varying  in  size  from  a  mustard  seed  to  a  billiard 
ball.  Recklinffhauscn,  who  studied  the  histology  of  these  moUuscum 
nodules  with  great  care,  has  expressed  the  opinion  that  they  arise  from 
the  terminal  twigs  of  the  cutaneous  nerves.  These  molluscum  nodules 
also  occur  in  association  with  a  multitude  of  irregular  swellings  on  ihc 
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Flo.  197-— PedunculalGd  molluscum  fibroium  which  urew  from  ihe  (nummary  airola  (Mumra 
of  Midtlicsc-x  flotpital,  London). 

nerves,  and  in  one  remarkable  case  2000  tumors  were  observed 
on  the  skin  and  nerve-trunks  (Smith).  It  us  also  an  important  fact 
that  although  neuromata,  niolluscum  nodules,  and  molhiscum  folds 
occur  on  separate  individuals,  nevertheless  all  three  conditions  some- 
times occur  on  the  same  patient.  It  is  now  usual  to  speak  of  the 
generalized  form  of  the  disease  as  neurofibromatosis,  and  an  important 
feature  of  the  disease  is  the  liability  of  the  patients  to  sarcoma,  which 
may  develop  primarily,  or  arise  as  a  maligiutnt  change  in  a  moUiuicum 
nodule  which  has  existed  many  years. 

Pathologists  have  long  been  familiar  with  a  peculiar  ovei^rowth  of 
delicate  connective  tissue  of  the  brain  and  spinal  cord  under  the  name 
oi  glioma:  this  appears  as  a  translucent  swelling,  imperfectly  denwr- 
cated  from  the  surrounding  tissue,  and,  as  a  rule,  has  little  more  con- 
sistency than  vitreous  humor;  microscopically  it  has  all  tlie  characters 
of  neuroglia.     It  is  an  extraordinaiy  fact  that  the  connective  tissue, 
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e<ifjecially  the  cndoncurium  of  nerves  ts  liable  to  a  similar  change, 
whtcli  may  be  and  is  usually  limited  to  a  particular  nerve  and  its 
branches.  The  effect  iipnti  the  nerve  is  striking,  for  it  becomes  thick- 
ened, elongated,  and  tnrtucius,  and  when  cut  across  the  nervc-sbeaih  is 
found  filled  with  gelatinous  tissue  anc]  appcirs  like  the  cut  surface  of 
an  umbilical  cord.  The  term  plexiform  neuroma  Is  apph'ed  to  this 
condition,  and  it  Is  especially  liable  to  arise  in  nerves  associated  with 
congenital  tract-s  of  hairy  and  pigmented  skin  (hairy  mole). 

Angiomata. — These  are  tumors  composed  of  an  abnormal  forma- 
tion of  blood-vessels.  The  genus  contains  three  species — simple  nevus  ; 
cavernous  nevus;  plexiform  angioma. 

Simple  Nevus. — Of  this  species  there  are  three  varieties.  A  nevus 
may  appear  as  a  superficial  pink  or  dccp-bluc  discoloration  of  the  skin, 
known  as  "port-wine  stain;"  it  may  involve  an  area  of  skin  2  cm. 
(f  inch)  square,  or  a  larg^  part  of  the  face,  half  the  trunk,  or  even  a 
whole  limb. 

More  frequently  the  nevus  appears  in  the  form  termed  telangiectasis. 
This  consists  of  an  abnormal  collection  of  arterioles  or  venules  in  the 
skin,  the  subcutaneous  and  subperitoneal  ti.ssue,  leas  frequently  in 
mucous  membrane.  All  examples  of  telangiectasis  contain  arterioles, 
venules,  lymphatics,  and  fat  in  varying  proportions.  When  arterioles 
preponderate,  the  nevus  is  red;  when  venules  are  in  excess,  it  is  blue; 
when  lymphatics  arc  most  numerous,  it  may  l»e  light  pink  or  nearly 
colorless;  this  is  a  lymphangioma  (see  page  480),  Some  venous 
nevi  are  encapsuled.  and  simulate  dermoids  and  cystic  tumors.  M.iny 
encapsuled  nevi  contain  a  large  proportion  of  fat.  and  are  then  termed 
nn'olipimuitn. 

Cavernous  Nevi. — These  are  in  structure  like  the  vascular  portions 
of  the  corpus  cavernosum  and  corpus  spongiosum,  and  are  made  up  of 
venous  and  arterial  channels  and  sinuses  communicating  with  neighbor- 
ing arteries  and  veins,  A  cavernous  nevus  sometimes  arises  from  the 
transformation  of  a  telangiectasis.  This  species  of  nevus  is  red  or  blue, 
according  to  the  predominance  of  arterial  or  venous  channels. 

Cavemou.^  ne\'i,  like  simple  ones,  as  a  rule,  are  either  congenital  or 
appear  in  early  infancy.  Many  nevi  disappear;  others  when  first  seen 
arc  small  and  inconspicuous,  then  rapidly  grow,  and  in  a  few  months 
form  conspicuous  tumors.  Cavernous  nevi  have  the  same  distribution 
as  the  simple  species.  Cavernous  nevi,  like  the  telangiectactic  variety, 
have  been  met  with  in  the  subperitoneal  tissue,  and  especially  in  con- 
nection with  the  serous  surface  of  the  liver.  The  central  parts  of  a 
large  cavernous  nevus  sometimes  degenerate  and  are  occupied  by  locuH 
filled  with  lymph. 

Plexiform  Angioma. ^This  species  consists  of  a  number  of  blood- 
vessels arranged  more  or  less  parallel  with  each  other.  Many  pursue  a 
tortuous  course.  In  some  tumors  arteries  alone  are  present,  in  others 
there  are  veins  and  arteries.  Plexiform  angiomata  are  rare  ;  they  occur 
most  commonly  on  the  scalp  and  upper  limb.  Plexiform  angiomata 
have  a  physiological  prototj-pe  in  the  retia  mirabilia,  which  occur 
naturally  in  the  intercostal  spaces  of  whales,  the  tails  of  ant-eaters,  and 
the  forearms  of  the  sloth  and  some  species  of  lemurs. 

Ifymphanglomata. — These  tumors  are  composed  of  an  abnormal 
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formalinn  of  lymphatics.     A  lymphangioma  has  the  same  relation  to 
lymphatics  that  an  angioma  bears  to  blood-vessels. 

The  {^enus  contains  three  species — lymphatic  nevus;  cavernous 
lymphant^iorna ;  lymphatic  cysts. 

Lymphatic  Nevus. ^Tlicsc  are.  as  a  rule,  colorless,  but  when  a  few 
hemic  capillaries  are  present,  they  possess  a  lijjht  pink  tint  and  arc 
slightly  raised  above  the  surrounding  skin.  When  arising  on  the  skin. 
they  rarely  exceed  2  cm.  (|  inch)  in  diameter.  The  most  striking 
example  of  lymphangioma  occurs  in  the  mucous  membrane  of  the 
tongue,  and  may  cause  such  enlargement  of  this  organ  that  it  protrudes 
from  the  mouth,     The  condition  is  clinically  known  as  macroglossia. 

Cavernous  lymphangioma  resembles  in  siructure  a  cavernous 
angioma,  except  that  the  spaces  are  filled  with  lymph  in.stead  of  blood. 
They  are  rare  tumors. 

Lymphatic  cysts  appear  as  congenital  cy.sLs  in  the  neck,  axilla,  and 
adjacent  part  of  the  thoracic  wall.     Those  which  arise  in  the  posterior 
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Flo.  t9B. — LytnptMtic  cjrBt  in  the  neck  ai  an  inbnt 


triangle  are  sometimes  teniied  "  hydrocele  of  the  neck."  Lymphatic 
cysts  arc  easily  recognizable;  they  are  always  noticed  at  or  immediately 
after  birth,  and  are  sometimes  of  very  large  size  (Fig.  198).  The  walU 
of  such  a  cyst  are  very  thin,  and  the  tumor  is  often  translucent  like  a 
hydrocele  of  the  tunica  vaginalis  testis.  The  cysts  occur,  as  a  rule,  on 
one  side,  though  sometimes  they  are  bilateral.  Vac\\  may  contain  a 
single  chamber  or  be  made  up  of  a  number  of  intercommunicating 
loculi  filled  with  lymph.  Some  of  rhem  resemble  the  large  subcu- 
taneous lymjjh-spaces  of  frogs. 

It  is  a  remarkable  fact  that  many  of  these  cysts  shrivel  and  disap- 
pear. They  are  exceptionally  liable  to  inflame,  and  several  cases  have 
been  recorded  in  winch  they  hjve  been  burst  by  the  patient  falling 
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Upon  them.  Their  proncness  to  spontaneous  cure  explains  their  rarity 
after  puberty.  The  .spontaneous  effacemeiit  of  tlie.sf  cysts  is  preceded 
by  a  sudden  increase  in  iheir  size ;  they  become  hot,  tender,  and 
inflanie ;  as  these  signs  subside,  the  cyst  slowly  disappears. 

Hyomata. — These  are  composed  of  unstriped  muscle-fiber.  The 
genus  contains  one  species — myoma. 

Myomata  arise  in  organs  containing  imstriiwd  muscle- tissue,  such 
as  the  bladder,  esophagus,  stomach,  and  intestine.  They  have  been 
fountl  in  the  dartoid  ti.ssiie  of  the  scrotum.  Occasiunally  tliey  arise  in 
the  nicsonietriuin,  I'alhipian  tube,  ovary,  and  ovarian  li^-ament. 

The  most  important  tumor  which  is  classed  with  the  myomata  is 
that  generally  known  as  the  "  uterine  fibroid."  Fibroids  occur  in  the 
uterus  as  encapsulated  tumors;  even  when  pedunculated  they  possess 
distinct  capsules.  The  muscle-cells  are  fusiform  in  shape  and  possess 
a  rod-like  nucleus ;  tlie  bundles  of  fibers  arc  often  interwoven  and  pro- 
duce characteri.stic  whorls.  Uterine  myomata  arise  during  the  sexual 
period  of  life,  and  arc  most  frequent  between  the  thirtieth  and  forty- 


FlG.  199. — Flbfoid*   of  the  budy  ot  ilie  uienn.    The  capiuJc  oF  one  tuu  been  opened  bjr 

u)ceralion, 

fifth  years.  They  are  rarely  sinjjic.  and  \  00  may  sometimes  be  counted 
in  one  uterus.  They  vary  greatly  in  the  nit<'  of  growth;  those  which 
grow  slowly  are,  as  a  rule,  ver^'^  hard,  and  contain  much  fibrous  tissue. 
Soft  myomata  grow  rapidly,  are  very  vascular,  and  sometimes  weigh 
as  much  as  ^o  or  even  50  i>ounds.  Va.scular,  soft  and  rapidly  growing 
specimens  often  furnish  a  loud  systolic  murmur.  They  are  liable  to 
secondary  changes :  thus  hard  myomata  calcify,  softer  specimens 
undergo  myxomatous  degeneration,  and  large  tracts  of  tissue  assume 
the  consistency  of  honey ;  fatty  clianges  are  rare,  and  lardaceous  degen- 
eration still  rarer.  When  the  tumors  are  extruded  into  the  vagina, 
they  are  liable  to  become  infected,  and  then  they  inflame  and  become 
gangrenous. 

A  myoma  of  the  uterus  may  endanger  life  by  frequent  hemorrhage, 
by  pressure  on  the  urethra  and  ureters,  inducing  renal  disturbance, 
especially  when  it  grows  from  the  cervix,  and  by  sepsis  when  an  intra- 
uterine polypus  becomes  infected  (Fig.  tggV  A  myoma  impacted  on 
the  pelvis  may  cause  fatal  intestinal  obstruction,  and  a  pedunculated 
subserous  tumor  may  entangle  a  loop  of  bowel.     VVhen  pregnancy 
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occurs  in  association  with  myomata,  the  complication  seriously  inter- 
feres with  the  growth  and  life  of  the  fetus,  and  often  gravely  imperils 
the  life  of  the  mother. 

A  cervix  myoma  particularly  menaces  life,  as  it  rarely  gives  rise  to 
symptoms  until  it  has  occupied  the  available  space  in  the  true  (>elvis. 
It    then    compresses    the   urethra   and   leads   to   retention  of  urine. 

Large  fibroids  of  the  cervix 
arc  ovoid  in  shape  and  furnish 
a  characteristic  elliptical  sec- 
tion. 

Myelomata. — These  tu- 
mors, formerly  called  myeloid 
sarcomata,  arc  composed  of 
tissue  identical  wiili  the  red 
marrow  of  young  bone.  The 
genus  cfintains  a  single  spe- 
cies— myeloma.  The  cut  sur- 
face of  the  tumor  i-*  deep  red, 
not  unlike  a  piece  of  iiver,  and 
is  very  vascular.  Microscoft- 
ically,  a  myeloma  abounds  in 
multinuclear  cells  embedded 
in  round  or  spindle  cells. 
The  giant  cells  are  so  numerous  as  to  constitute  the  greater  proportion 
of  the  tumor.  These  tumors  occur  most  frequently  at  the  ends  of  long 
bones;  the  upper  end  of  the  tibia  and  the  lower  end  of  the  radius  (Fig. 
200)  arc  the  common  situations.  In  the  cranial  bones  thcj'  are  confined 
to  the  maxilla  and  mandible. 

The  ])atients  are  young,  Rircly  above  twenty-five  years.  The  tumor 
grows  slowly,  expands  the  bone  equally,  and  thins  the  osseous  capsule, 
while  cxpandmg  it,  until  the  bony  shell  is  .so  thin  as  to  crepitate  when 
pressed  by  the  finger.  Merc  and  there  the  marrow-tissue  perforates  the 
capsule,  and  markedly  pulsates  synchronously  with  tlie  cardiac  systole. 
Myelomata  do  not  infrct  lymph-glands  and  do  not  disseminate;  if 
the  patients  come  under  ubscrvatimi  before  the  tumor  has  perforated 
its  capsule,  it  may  be  thoroughly  extirpated  without  fear  of  recurrence. 
The  manner  of  effecting  "  thorough  extirpation  "  varies  with  the  situa- 
tion of  the  tmnor. 

Sai'COiiiata. — These  tumors  arc  composed  of  tissues  resembling 
immature  connective  tissue,  in  which  cells  preponderate  over  the  inter- 
cellular substance.  The  genus  contains  five  species,  which  arc  deter- 
mined according  to  the  shape  and  dispo.'^ition  of  the  cells — round-celled^ 
sarcoma;  lymphosarcoma;  spindlc-ccllcd  sarcoma ;  alveolar  sarcoma; 
mclanosarcoma. 

Round-celled  Sarcoma. — In  this  species  the  cells  arc  round,  and 
there  i.^  very  little  intercellular  substance.  Each  cell  has  a  large,  round, 
vesicular  nucleus  and  a  small  proportion  of  protttplasm.  Blood-vessels 
are  very  abundant;  lymphatics  absent.  These  tumors  infiltrate,  dis- 
seminate, and  recur  after  removal.  Round-celled  sarcomata  are  the 
most  gtiieralized  and  the  most  deadly  tumors  which  affect  mankind. 
They  occur   in   any  tirgan — bone,  brain,  muscle,  spinal    cord,    ovary, 
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testis,  and  even  in  the  delicate  tissues  of  the  eye.  They  occur  at 
any  age.  from  the  fetus  in  the  uterus  up  to  the  extreme  age-limit  of 
human  life.  There  is  abundant  reason  for  the  belief  that  many 
supposed  examples  of  round-celled  sarcoma  are  really  jjmnulomata; 
large  syphilitic  jjummata  are  especially  liable  to  be  mistaken  for 
sarcomata. 

Lymphosarcoma. — In  this  species  the  tumor-tissue  resembles  that  of 
a  lymphatic  gland.  The-sc  tumors  must  not  l>e  confounded  with  simple 
enlai^mcnt  of  a  lyniph-glaml.  or  the  general  increase  of  lymphadcnotd 
tissue  associated  with  leukcmi^i  or  lymphadcnoma  (Hodgkin's  disease). 

Lymphosarcoma  not  only  possesses  a  definite  structure,  but  occurs 
in  definite  situations,  such  as  the  superior  mediastinum,  the  subpleural 
and  subperitoneal  tissues,  the  base  of  the  tongue,  the  larj'nx,  the  ton- 
sils, and  the  testes.  Like  the  small  round-celled  sarcomata,  they  are 
infiltrating  and  deadly  tumors,  but  they  have  a  more  Hmitcd  age-dis- 
tribution, occuring  most  frequently  in  young  adults. 
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Pn.  MI.— CdlB  from  a  spindle-cc0«d  sarcoma  at  the  a*xk  of  the  uunis.     Some  of  ibc  crili 
pi«iirnt  a  cross  striatioa  |  Pcmicc). 

Spindle-ceiled  3arcamata. — In  this  species  the  cells,  though  they 
vary  greatly  in  size,  agree  in  the  circumstance  that  they  are  oat-shaped 
or  fusiform.  The  cells  have  a  tendency  to  run  in  bundles,  which  take 
different  directions,  so  that  in  sections  of  the  tumor  seen  under  the 
micnvscope  some  cells  will  be  cut  in  the  tlirection  of  their  length  and 
others  at  right  angles.  In  some  tumors  the  celts  are  so  thin  and 
slender  and  contain  so  little  protoplasm  that  they  seem  to  consist  only 
of  a  nucleus  and  cell -processes.  It  is  difficult  to  distinguish  such 
tissue  from  moderately  firm  fibrous  tissue.  In  other  specimens  the 
cells  arc  large.  Iwautifully  fusiform,  and  rich  in  protoplasm;  some  of 
these  cells  arc  tmnsvcrscly  striated  like  voluntary  muscle-fiber  (Kig-    20I V 

Spin dlc-ccl led  .sjircomata  often  contain  tracts  of  immature  hyaline 
cartilage,  fibrous  tissue,  and  spicules  of  bone.  Multinuclcar  (giant) 
cells  arc  usually  present.     When  particular  tissues  are  abundant  in 
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Occurs  in  associatiiin  with  niyomata,  the  complic;itii>n  scriousU*  inter- 
feres with  the  grnwlh  and  life  of  the  fetus,  and  often  gravely  imperils 
the  life  of  the  mother. 

A  cervix  myoma  particularly  menaces  life,  as  it  rarely  gives  rise  to 
symptoms  until  it  has  occupied  the  available  space  in  the  true  pelvis. 
It    then    compresses    the    ureth  ra    and    leads    to    retention  of    urine. 

Large  fibroids  of  ilie  cervix 
ULNA  RADIUS  arc  ovoid  in  shape  and  furnish 

a  characteristic  elliptical  sec- 
tion. 

Myelomata. — These  tu- 
mors, formerly  called  myeloitJ 
sarcomata,  arc  composed  of 
tissue  identical  with  the  red 
marrow  of  young  bone.  The 
genus  contains  a  single  spe- 
cies— myeloma.  The  cut  sur- 
face of  the  tumor  is  deep  red, 
not  unlike  a  piece  of  liver,  and 
is  very  vascular.  Microscop- 
ically, a  myeloma  abounds  in 
multinuclear  cells  embedded 
in  round  or  spindle  cells. 
The  giant  cells  arc  so  rumerous  as  to  constitute  the  greater  proportion 
of  the  tumor.  These  tumors  occur  most  frequently  at  thu  enils  of  long 
bones;  the  upper  end  of  the  tibia  and  the  lower  end  <if  the  radius  (Fig. 
200)  are  the  conimon  situaiiuns.  In  the  cranial  bones  they  are  confined 
to  the  maxilla  and  mandible. 

The  patients  are  young,  rarely  above  twenty-five  years.  The  tumor 
grows  slowly,  expands  the  bone  equally,  and  thins  the  osseous  capsule, 
while  expanding  it,  until  the  bony  shell  is  so  thin  as  to  crepitate  when 
pressed  by  the  finger.  Here  and  there  the  marrow-tissue  perforates  the 
capsule,  and  markedly  pulsates  synchronously  with  the  cardiac  systole. 
Myelomata  do  not  infect  lymph-glands  and  do  not  distjcminatc ;  if 
the  patients  come  under  observation  before  the  tumor  has  perforated 
its  capsule,  it  may  be  thoroughly  extirpated  without  fear  of  recurrence. 
The  manner  of  eflfecling  "  thorough  extirpation  "  varies  with  the  situa- 
tion of  the  tumor. 

Sarcomata. — These  tumors  arc  composed  of  tissues  resembling 
immature  connective  ti.ssue,  in  which  cells  preponderate  over  the  inter- 
cellular substance.  The  genus  contains  five  species,  which  arc  deter- 
mined according  to  the  shape  and  disposition  of  the  cells — round-celled^ 
sarcoma;  lymphosarcoma;  spindle-celled  sarcoma;  alveolar  sarcoma; 
melanosarconia. 

Round-celled  Sarcoma — In  this  species  the  cells  are  round,  and 
there  is  very  little  intercellular  substance.  Each  cell  has  a  large,  round, 
vesicular  nucleus  and  a  small  proportion  of  protoplasm.  Blood-vessels 
arc  very  abun*Jant;  lymphatics  absent.  These  tumors  infiltrate,  dis- 
seminate, and  recur  after  removal.  Round-celled  sarcomata  are  the 
most  generalized  and  the  most  deadly  tumors  which  aflect  mankind 
They  occur  in  any  organ — bone,  brain,  muscle,  spinal   cord,    ovary. 
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testis,  and  even  in  the  delicate  tissues  of  the  eye.  They  occur  at 
any  age,  from  the  fetus  in  the  uterus  up  to  the  extreme  age-limit  of 
human  life.  There  is  abundant  reason  for  the  bcHef  that  many 
supposed  examples  of  round-celled  sarcoma  arc  really  granulomata; 
large  syphilitic  giimmata  art-  especially  liable  to  be  mistaken  for 
sarcomata. 

Lymphosarcoma. — In  this  species  the  tumor-tissue  resembles  that  of 
a  lymphatic  gland.  These  tumors  must  not  be  confounded  with  simple 
enlargement  (>f  a  lyniph-ghmd,  or  the  general  increase  of  lymphadcnoid 
tissue  a.ssociated  with  leukemia  or  lymijhatlcnoma  (Hodgkin's  disease). 

Lymphosarcoma  not  only  possesses  a  definite  structure,  but  occurs 
in  definite  situations,  such  as  the  superior  mediastinum,  the  subpleural 
and  subperitoneal  tissues,  the  base  of  the  tongue,  the  lar>'nx.  the  ton- 
sils, and  the  testes.  Like  the  small  round-celled  sarcomata,  they  arc 
infiltrating  and  deadly  tumors,  but  they  have  a  niore  limited  age-dis- 
tribution, occuring  most  frequently  In  young  adults. 
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TlO.  30I  — Cells  from  A  (pindtccrllcd  sarromn  of  ihr  neck  of  the  uterus.    Some  of  the  c«Us 
present  a  croM  itnaiion  (IVniic«). 

Spindle-celled  Sarcomata.— In  this  species  the  cells,  though  they 
vary  greatly  in  size,  agree  in  the  circumstance  that  they  arc  <iat-shiqjcd 
or  fusiform.  The  cells  have  a  tendency  to  run  in  bundles,  which  take 
different  directions,  so  that  in  sections  of  the  tumor  seen  under  the 
microscope  some  cells  will  be  cut  in  the  direction  of  their  length  and 
others  at  right  angles.  In  some  tuinnrs  the  cells  arc  so  thin  and 
slender  and  contiin  so  little  protopla.sm  thiil  they  seem  to  consist  only 
of  a  nucleus  and  cell-processes.  It  is  cllfificult  to  distinguish  such 
tissue  from  moderately  firm  fibrous  tissue.  In  other  specimens  the 
cells  are  large,  beautifully  fusiform,  and  rich  in  protoplasm;  some  of 
these  cells  arc  transversely  striated  like  voluntJiry  nuisclc-[iber(l'jg.    201), 

Spin  tile-celled  sarcomata  often  contain  tracts  of  immature  hyaline 
cartilage,  fibrous  tissue,  and  spicules  ni  Ixmr.  Multinuclear  (giant) 
cells  are  usually  present.     When  particular  tissues  arc  abundant  in 
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spindle-celled  tumors,  they  sometimes  receive  distinguishing  names, 
such  as  chondrosarcoma,  fibrosarcoma,  myosarcoma,  etc. 

Spindle-celled  sarcomata  arise  especially  in  periosteum  and  secret- 
ing glands,  such  as  the  ovary,  testis,  parotid,  kidney,  and  the  mamma. 

Alveolar  Sarcoma. — This  species  differs  in  an  important  manner 
from  sarcomata  in  general,  for  the  cells  assume  an  alveolar  disposition, 
and  on  section  resemble  the  carcinomata.  There  is,  however,  this 
great  difference — they  do  not  originate  in,  or  reproduce,  the  structure 
of  secreting  glands.  This  species  illustrates  very  well  the  way  in 
which  the  structure  of  tumors  depends  on  the  tissue  in  which  they 
arise.  Alveolar  sarcomata  originate  almost  exclusively  in  the  skin,  and 
especially  in  relation  with  those  congenital  defects  known  as  hairy  and 
pigmented  moles.  The  tissue  forming  the  base  of  moles  has  the  pecu- 
liar alveolar  disposition  which  serves  as  the  histologic  type  of  this 
species  of  sarcoma. 

Melanosarcomata. — This  species  is  distinguished  by  the  presence 
of  black  pigment  (melanin)  in  the  cells  and  intracellular  substance. 
The  cells  composing  melanosarcoma  may  be  round  or  spindle-shaped ; 
in  many  they  are  collected  in  alveoli. 

The  amount  of  pigment  varies.  In  some  merely  a  brown  discolor- 
ation is  produced ;  in  others  the  tumor  is  of  a  deep  sepia  color.  It  is 
also  a  curious  fact  that  the  primary  tumor  may  contain  very  little  pig- 
ment, and  the  secondary  deposits  be  of  a  deep  black  color. 

Melanosarcomata  arise  in  the  skin  and  in  the  uveal  tract.  Cutaneous 
melanosarcomata  arise  in  connection  with  pigmented  and  hairy  moles, 
in  the  vulva,  the  anus,  and  the  nail-matrices  of  fingers  and  toes.  As  a 
rule,  they  infect  the  nearest  lymph-glands,  disseminate  very  rapidly, 
and  recur  very  quickly  if  removed.  In  some  cases  the  tumor  seems 
to  be  mainly  a  source  of  pigment,  large  quantities  of  which  enter  the 
circulation,  to  be  discharged  in  the  urine  as  melanin.  Intra-ocular 
melanomata  may  arise  from  any  part  of  the  uveal  tract.  They  are  ten 
times  more  common  in  the  choroid  than  in  the  ciliary  body,  and  are 
excessively  rare  in  the  iris.  Melanomata  of  the  ciliary  body  often 
exhibit  the  structure  of  carcinoma.  Intra-ocular  melanomata  have 
been  observed  as  early  as  the  fifteenth  and  as  lute  as  the  eightieth  year; 
the  greater  number  occur  between  fifty  and  sixty.  Death  more  often 
results  from  the  secondary  deposits  than  from  the  local  effects  of  the 
primary  tumor. 

The  General  Characters  of  Sarcomata. — All  the  species  of  this  genus 
are  very  vascular,  but  the  circulation  within  the  tumor  is  mainly  capil- 
lary; in  those  which  grow  rapidly  the  vessels  are  so  numerous  as  to 
produce  a  visible  pulsation  and  an  audible  "  hum."  The  force  of  the 
circulation  is  often  sufficient  to  rupture  the  capillary  channels  and  con- 
vert the  central  parts  of  the  tumor  into  a  blood-containing  cavity.  This 
intimate  relation  of  sarcomata  to  the  blood-vessels  favors  dissemina- 
tion. On  examining  the  veins  leading  from  the  tumor,  processes  from 
the  sarcoma  will  be  found  extending  into  their  lumina,  and  minute 
.portions,  becoming  dislodged,  are  conveyed  to  the  right  side  of  the 
heart,  and  on  entering  the  pulmonary  circulation  they  are  arrested  in 
the  lung-tissue,  and  engraft  themselves  to  form  secondary  deposits. 
When  the  primary  tumor  occurs  in  the  vicinity  of  the  portal  cJrcula- 
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lion,  the  secondary  nodules  will  l>e  most  abundant  in  the  liver.  Occa- 
sionally a  large  vein  like  the  renal,  iliac,  or  even  the  vena  cava  will  be 
blocked  by  sarcomatous  outrunners,  and  fragments  become  detached 
of  a  size  siiffKieiit  to  block  the  pulmonarj*  artery,  or  even  the  right 
auriculoventricular  orifice.  Secondary  nodules  occur  in  other  situations 
than  the  lungs  and  liver,  for  in  some  of  the  round-celled  tumors 
nodules  amounting  to  many  hundred  may  appear  in  almost  every 
organ  of  the  body. 

The  facility  with  which  sarcomata  gain  entrance  to  veins  js  due  to 
their  extraordinary  infiltrating  properties.     In  some  instances,  and  in 


Fig.  -joa.— Kuuntl-ccllcd     wr- 
cooA  o(  ibe  ^)cniuilk  coid. 


Fig.  903. — Skrlrton  (rf  <•  p<rriD«t««]  sarcoma  of  the  scapula 
(Muwum  of  Si.  ThoTiuu  s  Hotptial,  Londun). 


the  early  stages  of  many,  sarcomata  are  encapsuled,  but  the  majority 
lack  a  capsule  and  grow  in  every  direction.  Thus,  a  sarcoma  of  a 
bone  will  send  outrimners  along  the  lla^-crsian  canals;  in  the  skull, 
portions  will  creep  into  the  foramina  and  recesses ;  a  sarcoma  of  a 
voluntary  muscle  will  invade  its  constituent  bundles  and  even  scfwrate 
its  ultimate  fasciculi.  Yet  this  inBltrating  tendency  is  easily  restrained 
in  the  early  stages.     For  instance,  a  sarcoma  of  mu.scle  is  easily  retained 
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within  the  sheath,  and  a  sarcoma  of  the  spermatic  cord  will  quickly 
occupy  the  cord  and  become  moulded  by  its  outer  tunics  (Hg.  202). 
This  is  ajso  true  of  subperiosteal  sarcomata. 

Sarcomata  are  devoid  of  lyraplialics;  hence  the  adjacent  lymph- 

glaiids  arc  not.  as  a  rule,  in- 
fected. Should  tlic  sarcoma 
implicate  the  overlying  skin 
or  nmcous  nicinbrane  and 
ulcerate,  then  the  lymph- 
glands  wil!  enlarge. 

Sarcomata  are  ver>'  liable 
to  dc<jenerativc  changes.  It 
has  already  been  mentioned 
that  exti'avasations  of  blood 
will  produce  spurious  cysts, 
and  a  like  effect  follows  necro- 
sis of  considerable  proportions 
of  the  tumor.  Myxomatous 
cliangc  will  often  cause  hquc- 
faclion  and  form  a  cavit>'  in  a 
Urge  tumor,  big  enough  to 
accommodate  the  fist.  CaJci- 
fication  and  ossification  arc 
frequent  changes  in  sarcomata 
growing  from  ]jeriosteum,  and 
produce  abuntlant  arborescent 
processes  and  spicules  (Fig. 
203).  When  llie  sarcoma 
arises  in  the  central  parts  of 
a  long  bnnc  and  grows  sinwiy, 
it  will  expand  the  surrounding 
osseous  tissue  (Hg.  204). 

In  slow-growing  sarcomata 
of  the  spindle-cclled  species 
tracts  of  hyaline  airtilage  arc 
often  found.  Such  arc  .some- 
time.^ called  rhondrosarcomitta. 
Distribution. —  Sarcomata 
arise  from  connective  tissue, 
and  although  this  tissue  occurs 
in  every  part  of  the  body,  they 
arc  far  commoner  in  some 
situations  than  in  others.  Thus 
they  are  frequent  in  subcutane- 
ous tissue,  fascia,  intermuscu- 
lar septa,  and  the  periosteum. 
They  are  rare  as  primary 
tumors  of  muscle-tissue, 
striped  or  unstriped,  Even  when  hollow  muscles.  like  the  bladder, 
intestine,  and  uterus,  are  the  seat  of  sarcomata,  they  originate  in  the 
mucous  membrane ;  and,  most  striking  of  all,  a  sarcoma  of  the  heart 
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Pic.  M4, — Shaft  of  a  tibm  expsndeil  by  a  central 
tumor  (MuMUtn  of  the  RoyxL  Collc^  of  SurgcoDt. 
London). 
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irknown.  P'vcn  the  delicate  connective  tissue  of  the  retina,  the 
tract,  tlic  nfurojjlia  of  the:  brain  and  spinal  cord,  and  the  shcaUis 
of  llic  nerves  are  attacked  by  these  deatlly  tumors. 

In  consideriiitr  the  tlislributinn  of  sarcomata,  it  is  neccssar}'  lo  make 
special  mention  of  ilicir  occurrence  in  secreting  glatids,  All  coniiKiiind 
glands,  such  as  the  kidney,  testis,  parotid,  prostate,  mamma,  etc.,  con- 
lain  a  fair  amount  of  connective  tissue,  and  It  would  naturally  conic 
about  that  a  sarcoma  arising  in  this  tissue  would  tend  to  entangle  the 
gland-acini  in  its  substance.  Thus,  in  the  kidney  uriniferous  tubules 
would  be  expected.  Follicles  occur  in  an  ovarian  sarcoma,  and 
galacto])horniis  ducts  and  glands  in  a  mammary  sarcoma.  These  are 
often  termed  ailenosarcomata.  a  term  apt  lo  mislead. 

A  very  striking  fact  in  connection  with  sarcomata  arising  in  secret- 
ing glands  is  ihc  frequent  occurrence  of  hyaline  cartilage,  and  in  some 
— r-.  j^..  the  kidney  and  testis — striped  muscle-fiber.  When  striped 
spindle-eells  arc  present,  the  tumor  is  sometimes  called  a  myosarcoma. 


Fig.  aps. — SarcoffiKof  the  kidney  of  ;>»  infant,  ariiing  from  Ibc  connective  titsii«  in  tiM 

rcniU  liniu. 


It  Is  a  fact  of  considerable  interest  that  sarcomata  are  especially 
rare  in  the  liver,  the  ihyroi«l,  pancreas,  and  lungs;  and,  as  showing 
that  their  structure  is  modified  by  the  nature  of  the  connective  tissue 
in  which  they  arise,  reference  need  only  bi.-  made  to  those  originating 
in  the  retina,  to  alveolar  sarcoma  of  pigmented  moles,  and  sarcoma 
(dcciduom.i)  arising  in  a  gravid  or  recently  gravid  uterus.  Age 
moditles  the  liability  to,  as  well  as  the  .structure  of.  sarcomata  in  some 
glands.  Thus,  retinal  sarcomata  are  common  in  infants,  bilateral  la 
nearly  half  the  cases,  and  arc  unknown  after  twelve  years  of  age. 
Intra-ocular  melanomata  are  unknown  before  puberty,  and  are  uni- 
lateral. Sarcomata  of  the  ovaries  are  more  common  before  puberty 
than  in  later  life,  and  are  often  bilateral ;  in  adults  they  arc  usually 
unilateral. 

Adrenal  Tumors  {SN/>rttnfta/  Cnfisu/i'). — The  species  of  this  genus 
are  very  remarkable  tumors,  and  until  our  knowledge  of  them  is  more 
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extensive  and  precise,  it  will  be  judicious  to  let  them  rank  among  the 
sarcomata. 

Tumors  arising  in  and  reproducing  the  peculiar  structure  of  the 
adrenal  hasc  been  many  times  recorded.  Tumor-like  bilateral  enlarge- 
ment of  the  adrenals  has  been  observed  in  children,  whereas  in  adult$ 
the  enlargement  affects  one  adrenal,  and  may  attain  the  dimensions  of 
a  melon.  In  some  instances  there  have  been  secondary  deposits  in  the 
viscera,  especially  the  liver.  Sarcoma  of  the  adrenal,  though  rare, 
occurs  in  children,  and  may  attack  both  adrenals.  A  remarkable  feat- 
ure sometimes  associated  with  such  tumors  is  a  general  overgrowth  of 

hair,  occisionally  accompanied 
with  an  alteration  in  the  color 
of  the  skin,  which  assumes  a 
"  copjxrry  hue."  It  is  a  re- 
nKu  kablu  fact  that  tumors  somev 
times  of  large  size  and  histo- 
logically identical  with  the  zona 
fasciculata  arise  in  accessor}' 
adrenals.  Tliese  bodies  arc 
fairly  frequent ;  they  occur  in 
the  capsule  of  the  liver  and  be- 
tween the  layers  of  its  falciform 
ligament ;  also  beneath  the  cap- 
sule of  the  kidney  (Fig.  205). 
and  in  the  course  of  the  sper- 
matic artcr)'.  Less  frequently 
they  have  been  detected  in  the 
anterior  layer  of  the  meso- 
metn'um  of  the  fetus  at  term 
and  in  early  infancy. 

Tumors  supposed  to  arise  in 
accessory  adrenals  situated  in 
the  kitlney  are  very  important. 
They  occur  as  encapsulated 
masses  in  the  cortex,  and  rarely 
communicate  with  the  renal  pelvis;  hence,  hematuria  is  not  so  con- 
stant as  in  sarcomata  springing  from  the  connective  tissue  in  the  sinu.s 
of  the  kidnej'.  A  .striking  feature  of  these  tumors  is  their  delicate 
structure  and  the  frequency  with  which  blood-extravasations  take 
place  in  them,  whereby  the  central  parts  are  often  transfunned  into 
cyst-like  spaces  filled  with  blood-cc)agiilnm  (Fig-  206).  This  liability 
to  hemorrhage  is  also  n  common  feature  of  these  tumors  when  aris- 
ing in  the  atlrenal  itself  The  majority  of  the  specimens  on  record 
were  obser\'cd  in  men  and  women  between  the  fortieth  and  fifty-fifth 
years  of  life.  Tumors  of  the  adrenals  and  tumors  that  arise  in  acccs- 
sorj'  adrenals  simulate  each  other  during  life  so  closely  that  it  is  as  yet 
impossible  to  differentiate  them  by  clinical  methods  or  to  distinguish 
them  from  other  species  of  renal  tumors. 
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Ftc.  3o6. — AtlnMint  tuirior  vf  lli«  kidney. 
This  tumor  in  siruciurv  rcscnibLecl  ihc  adrenal 
al  Ibr  (hfrd  moiiih  or  inira-uierinc  life. 


n.  EPITHEUAL  TUMORS. 

In  this  {jroup  of  tumors  the  presence  of  cpitlieWiim  and  its  mode 
of  distribution  are  the  essential  and  distinguishing  features.  In  the 
bodies  of  animals  cpilht-lium  is  disposed  in  various  ways  and  serves 
various  functions,  In  many  situntinns  where  it  i^  protective  it  is 
arranged  in  layers  (stratified);  in  ttthcrs  it  is  modified  to  form  hair, 
feather,  bristles,  nail,  or  horn;  in  others  it  dips  into  the  underlying 
tissues  to  form  secreting  organs  (glands),  some  of  which  are  very 
simple,  as  in  the  intestine,  or  exceedingly  complex,  as  in  the  liver, 
kidney,  or  testis.  Whether  a  gland  is  simple  or  complex,  the  principle 
of  construction  is  identical — namely,  narrow  channels  lined  with  epi- 
thelium resting  upon  a  connective-tissue  basi-.  in  which  blot>d-vessels, 
lymphatics,  and  nerves  ramify.  The  recesses  of  glands  communicate, 
either  directly  or  by  means  of  a  duct,  with  a  free  surface.  To  this  ride 
there  are  three  exceptions — the  thyroid  gland,  the  pituitary  body,  and 
the  ovary. 

The  variations  in  the  disposition  of  epithelium  enable  epithelial 
tumors  to  be  nrnuiged  in  three  genera:  Papilloma;  atlenoma  ;  carci- 
noma. 

Papilloma  ( Warts). — A  wart  consists  of  an  axis  of  fibrous  tissue 
containing  blood-vessels,  surmounted  by  epithelium.  It  may  be  simple, 
or  covered  with  secondary  processes  and  resemble  a  mulberry. 

This  genus  contains  four  species  :  I.  Warts;  i.  Villous  papillomata; 
3.  Inlraeystic  warts  ;    4.  Psamnioniata. 

Warts. — These  occur  in  the  skin,  singly  or  in  multitudes.  They 
are  rarely  pidnful,  unless  irritated.  In  adults  they  are  common  on  the 
glans  penis  and  prepuce,  and  on  the  vulva  and  surrounding  skin,  as  the 
result  of  irritating  urethral,  preputial,  and  vaginal  discharges.  Warts 
ari.sc  on  the  laryngeal  mucous  membrane,  especially  of  children.  Large 
solitary  warts  often  contain  i>ignient,  and  later  in  life  arc  liable  to  be 
the  starting  point  of  a  melanoma.  The  thick  layers  of  epithelium  on 
large  warts  sometimes  decompose  (ulcerate)  and  become  horribly 
oflfensive.  Occasionally  the  surface-cells  become  keratinized  and  form 
horn.  Epithelioma  sometimes  arises  at  the  base  of  a  large  solitary 
wart,  especially  if  the  wart  has  been  irritated. 

The  crops  of  warts  which  occur  on  the  hands  of  children  never 
lead  to  serious  consequences,  and,  as  a  rule,  disappear  spontaneously, 
sometimes  as  if  by  magic. 

Villous  Papillomata. — This  species  consists  of  feather-like  tufts 
resembling  chorionic  villi.  Each  villus  consists  of  a  delicate  axis  of 
connective  tissue,  containing  delicate  loops  of  blood-vessels  and  sur- 
mounted by  epithelium.  The  villi  may  be  simple  or  compound.  Thus, 
in  structure  the}'  resemble  chorionic  villi. 

The  villous  papilloma  grows  from  the  mucous  membrane  of  the 
bladder,  and  occasionally  from  the  pelvis  of  the  kidnev'.  Cases  are 
known  in  which  villous  papillomata  of  the  renal  pelvis  have  been  as-so- 
ciated  with  villous  tufts  in  the  bladder,  around  the  orifices  of  the  ureters, 
probably  due  to  the  grafting  of  epithelium  derived  from  the  villi  in  the 
kidney  or  the  vesical  mucous  membrane.  An  interesting  variety  of 
villous  papilloma  arises  from  the  choroid  plexuses  of  the  cerebral  vcn- 
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triclts ;  when  large  and  situated  in  the  fourth  ventricle,  they  have  pro- 
duced death  from  pressure.  Villous  papillnmata  of  the  choroid  plex- 
uses rarely  attain  a  large  size  without  undergoing  calcification  (see 
Psammouui).  Renal  and  vesica!  villous  papillomata  give  rise  to  oft- 
recurring  bleeding,  and  sometimes  cause  death. 

Intracystic  Papillomata — Warts  may  arise  from  any  epithelial 
surface,  and  as  all  true  cysts  arc  lined  with  cpitlielium,  they  are  liable 
to  warts.  Intracystic  warts  occur  In  the  following  situations — in  cysts 
of  the  mammaty  glands;  cysts  of  the  paroophoron,  parovarium,  and 
Gartner's  duct;  and  cysts  arising  in  accessory  thyroid  glands. 

It  shnuld  be  remembered  that  many  intracystic  growths  are  struct- 
urally adenomata,  and  in  the  case  of  mammary  cysts  it  is  difTicult 
to  decide  the  nature  of  the  intracystic  process  without  the  aid  of  the 
microscope. 

The  example  represented  in  Fig.  207  shows  a  cyst  formed  by  the 
dilatation  of  a  galactophorous  sinus,  and  in  this  instance  the  Icnob-likc 
process  is  composed  of  villi.  In  such  a  case  it  is  easy  to  trace  the 
duct  belonging  to  the  sinus  into  the  cyst,  and  it  is  often  possible  during 

life  TO  squeeze  fluid  from  the 
cyst  and  make  it  apjjcar  at  the 
nipple.  In  some  cases  the 
patients  are  mucli  inconveni- 
enced by  the  involuntar)'  es- 
cape of  blood-stained  fluid  from 
the  nipple,  often  in  quantity 
sufficient  to  .soak  their  linen. 
Psammomata. — The.se  tu- 
mors are  comfMJScd  of  globular 
bodies  consisting  of  epithelium 
arranged  in  layers,  usually  cal- 
cified and  embedded  in  connec- 
tive tissue.  The  amount  of 
calcareous  matter  they  contain 
is  very  variable ;  sometimes 
they  are  of  stony  hardness. 
Psammomata  occurexclusivcly 
in  coimection  with  the  pia  mater 
of  the  brain  and  .spinal  cord. 
They  are  particularly  liable  to 
grow  from  the  choroid  plexuses 
of  the  ventricles.  A  very  fav- 
orite situation  is  the  tufts  of 
villi  which  protrude  from  the 
lateral  recesses  of  the  fourth 
ventricle.  Psammomata  aris- 
ing from  the  choroid  plexuses  of  the  lateral  and  the  fourth  ventricle 
arc  often  bilateral.  In  the  tatter  situation  they  exert  injurious  pressure 
on  the  facial,  trigeminal,  and  auditor)'  ncn-cs. 

A  psammoma  arising  in  connection  with  the  spinal  membranes  leads 
to  far  more  .serious  results  than  a  tumor  of  the  same  size  arising  in  the 
lateral  ventricles.     It  is  a  curious  fact  that  there  is  singular  uniformity 
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in  the  size  and  shape  of  psammomata  observed  in  the  spinal  canal. 
They  lead  tn  slow,  progressive  paralysis  and  <icatli. 

Horns. — There  are  four  varieties  of  these  curious  structures — seba- 
ceous horns;  wart  horns;  cicatrix  horns;  nail  horns. 

Sebaceous  horns  may  arise  in  any  situation  where  sebaceous  glarids 
exist.  They  are  formed  from  the  epithelium  of  the  gland,  and  some- 
times attain  a  length  of  many  centimeters.  Tht-  horns  are  tough  and 
present  a  longitudinal  fibrillation  ;  when  soaked  in  a  weak  solution  o^ 
iir^uor  jKnassie,  the  tissue  wftcns  and  falls  away  in  flakes. 

Wart  horns  are  identical  in  appearance  with  sebaceous  horns,  and 
the  only  means  of  deciding  between  Ihetn  is  to  split  the  horns  longi- 
tudinally and  ascertain  whether  the  base  is  occupied  by  a  wart  or  a 
sebaceous  cyst. 

Sebacnuis  horns  are  common  on  the  scalp,  and  wart  horns  are  most 
frequent  on  the  glaiis  penis  near  the  coronii. 

Cicafrix  horns  are  rare ;  they  occur  chiefly  in  the  scar  left  by  bums. 
Horns  of  thi.'*  kind  are  usually  laminated  like  pie-crust 

iVail  horns  arc  .simply  the  greatly  clongaleil  and  thickened  rails 
found  especially  on  the  big  toes  of  bed-ridden  and  dirty  patients.  These 
nails  sometimes  attain  the  length  of  7  cm.  (2.73  in.),  and  resemble 
miniature  ram's  horns. 

Adetiomata. — An  adenoma  is  a  tumor  constructeil  ctn  the  type  of, 
and  growing  in  connection  with,  a  .secreting  gland.  The  species  of  this 
genus  are  determined  by  the  glands  in  which  thc>*  arise.  The  chief 
species  of  adenomata  arc — mammary,  sebaceous,  thyroid,  pituitarj', 
prostatic,  parotid,  hepatic,  renal,  ovarian,  gastric,  intestinal,  and  uterine. 
In  some  glands,  such  as  the  liver,  parotid,  mamma,  anil  thyroid,  they 
occur  as  encapsuled  tumors.  In  the  intestine,  especially  the  rectum, 
and  in  the  cer\ical  canal  of  the  uterus  they  appear  as  pedunculated 
bodies  (polypi).  Often  the  adni  of  an  adenoma  become  distended  with 
perverted  secretion  and  form  large  flui(.l-containing  spaces.  Such  some- 
times receive  special  names;  thus,  in  the  mamma  it  would  be  called  a 
cystic  adenoma  or  an  adenoceic ;  in  the  thyroid  gland,  a  bronchocele; 
in  the  ovary,  a  multilocular  ovarian  cyst. 

In  size,  adenomata  e.vhibit  great  variations;  some  rarely  exceed  the 
dimension  of  a  pea,  others  may  attain  the  size  of  a  foot -ball.  In  number 
they  vary  greatly ;  one  only  may  exist,  or  many  may  be  present. 

The  liability  oi  secreting  glands  to  become  the  seat  of  adenomata  is 
vcr\*  variable;  thus,  they  are  excessively  common  tn  the  mamma,  ovary, 
and  thyroid  ;  rare  in  the  liver,  kidney,  and  pituitaiy  body  ;  and.  though 
common  in  the  prostate  and  parotid  glands,  are  almost  unknown  in  tne 
submaxillary,  sublingual,  lacrimal,  and  pancreatic  glands. 

The  following  statements  hold  good  for  all  the  species  :  Wlwn  com- 
pletely removed,  there  is  no  recurrence ;  they  do  not  infect  the  neigh- 
boring tissues  or  lymph-glands,  nor  give  rise  to  secondary  deposits. 
When  an  adcnonja  causes  death,  it  is  in  consequence  of  mechanical 
complications  due  to  its  environment  Thus  a  small  tumor  of  the 
pituitary  body  will  cause  death  from  pressure  on  the  brain  ;  a  broncho- 
cele may  injuriously  narrow  the  trachea;  an  intestinal  |Jolypus  occa- 
sionally induces  intussusception;  and  a  stnall  prostatic  adenoma  will 
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sometimes  jut  into  the  vesical  orifice  of  the  urethra  and  cause  death  by 
ren;il  complications. 

As  a  rule,  adenomata  arc  tumors  of  adolescence  and  adult  life. 
Hepatic  and  prostatic  adenomata  occur  commonly  after  the  mid-period 
of  life.  Cystic  adenomata  arc  liable  to  secondary  changes  of  some 
importance ;  thus,  the  fluid  contained  in  cysts  which  have  existed  sev- 
eral years  in  the  mamma,  tliyroid,  or  ovary  often  contains  large  quanti- 
ties of  cholesterin.  Hemorrhage  not  infrequently  takes  place  in  large 
cysts  of  these  glands,  and  Reverdin  once  found  a  large  number  of  mul- 
berry-like bodies,  composed  of  coagulated  fibrin,  in  a  large  bronchocelc 
in  an  old  man.  The  walls  of  very  old  bronchoceles  arc  liable  to  be 
completely  calcified  ;  and  calcareous  patches  are  sometimes  found  in  old 
cysts  of  the  ovary  and  mamma.  A  much  more  important  change  is 
the  formation  of  villi  (papillomata)  and  buds  of  glandular  tissue  on  the 
inner  walls  of  cystic  adenomata.  They  are  common  in  the  breast  and 
ovary,  and  have  been  observed  in  the  thyroid, 
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Carcinomata  {Cancer). — A  carcinoma  is  a  malignant  tumor  aris- 
ing in  epithelium.  When  the  source  of  a  cancer  is  the  epithelium  of  a 
secreting  gland  it  is  called  glandular  cancer,  but  when  it  arises  from 
a  surface  coverei!  with  stratified  epithelium,  like  the  skin  or  lips,  it  is 
called  squamo US-celled  cancer. 

The  microscopic  structure  of  a  cancer  is  very  simple  and  consists  of 
columns  of  cells,  so  that  when  the  columns  are  cut  at  right  angles 
the  section  has  the  appearance  of  a  number  of  alveolar  spaces  filled 
with  epitlielium.  The  walls  of  the  alveoli  consist  of  fibrous  tissue  in 
which  blood-  and  lymph-vessels  ramify.  The  cell  columns  branch  in 
various  directions,  and  thus  produce  tn  some  sections  ver)*  complicated 
patterns.  The  cells  composing  the  columns  depend  upon  the  character 
of  the  epithelium  in  which  the  cancer  arises,  and  this  feature  is  so  strik- 
ing that  the  histologisl  can  often  pronounce  with  certainty  the  particu- 
lar glard  in  which  a  cancer  arose  merely  from  studying  a  carefully 
prepared  section  with  a  niicroscopc. 
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,aranomata  irfiltratc  surrounding  tissues,  and  extend  beyond  the 
gland  in  which  they  originate;  they  arc  vcr>'  prone  to  involve  surface- 
tissues,  to  ulcerate,  and  quickly  to  infiltrate  lyniph-glands  in  the  neigh- 
borhood. A  marked  feature  of  carcinomata  is  their  tendency  to 
undergo  degenerative  changes  and  necrosis. 

The  relationship  between  secreting  glands,  adenorna,  ami  carcinnma 
may  be  studied  in  the  uterus.  The  glands  in  the  endometrium  are 
tubular  and  lined  with  columnar  epithelium. 

Adenomata  arising  in  the  endometrium  preserve  the  tubular  type  of 
glands  (Fig.  2oS\  whereas  carcinoma  originating  in  the  same  situation 
consists  of  masses  of  these  tubules,  greatly  enlarged  and  stuflfcd  witli 
epithelium  (Fig.  209V 

Cancers  are  exceptionally  liable  to  become  disseminated  and  give 
rise  to  knots  or  nodules  knuv\'n  as  secondary  deposits,  which  may 
make  their  appearance  in  any  organ  or  tissue  of  the  body,  even  the 
bones.  These  cancerous  deposits  are  due  to  minute  portions  of  the 
primary  tumor  being  transported  by  the  lymph-  and  blood-vessels  as 
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minute  emboli,  which,  when  lodged  in  suitable  situations,  engraft  them- 
selves anil  fiirni  nodules  which  In  histologic  characters  reproduce  the 
parent  tumor.  The  amount  of  dissemination  varies  widely.  In  some 
cases  the  secondary  knots  may  be  Innited  to  the  liver,  whUst  in  another 
and  apparently  identical  case,  in  so  far  as  structure  is  concerned,  ihcy 
occur  in  scores,  deposited  in  almost  every  organ  of  the  body,  even  in 
the  bones. 

Although  every  secreting  gland  is  liable  to  become  the  scat  of 
cancer,  yet  sonic  arc  much  more  prone  to  it  than  others.  The  com- 
monest situations  are  the  female  mammie  and  the  glands  of  the 
cer\'ical  canal  of  the  uterus.  Cancer  of  the  glands  at  the  pyloric  orifice 
of  the  stomach  and  in  the  colon  and  rectum  is  common  in  both  sexes. 
but  it  is  somewhat  uncommon  in  the  prostate  and  thyroid  glands.    Dis- 
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eased  organs  are  more  liable  to  become  cancerous  than  those  which 
are  healthy. 

In  some  situations  the  relative  frequency  of  carcinoma  and  sarcoma 
has  not  been  determined,  the  two  conditions  being  comprised  under 
the  term  malignant  disease.  Thus,  malignant  tumors  of  the  antrum 
are  generally  classed  as  sarcomata ;  but  many  of  the  most  deadly 
tumors  which  occupy  this  cavity  are  carcinomata  arising  in  the  race- 
mose glands  lodged  in  its  mucous  membrane. 

Carcinoma  in  the  restricted  sense  now  enforced  by  pathologists  is 
unknown  before  puberty ;  it  is  rare  before  twenty-five ;  the  liability 
increases  with  each  decade  of  life.  These  facts  are  the  reverse  of  those 
observed  in  adenomata. 

The  modes  by  which  cancer  kills  varies  with  its  situation  and  the 
nature  of  the  organ  implicated.  Thus,  cancer  of  the  pyloric  glands 
blockades  the  orifice  and  causes  death  by  starvation  ;  mammary  cancer 
invades  the  pleura  and  gives  rise  to  secondary  deposits  in  lungs, 
liver,  brain,  etc. ;  uterine  cancer  is  apt  to  be  fatal  from  bleeding,  from 
uremia  due  to  the  vesical  extremities  of  the  ureters  and  the  bladder 
being  involved  mechanically  in  the  growth,  or  from  the  renal  channels 
becoming  infected  by  septic  micro-organisms  which  flourish  in  the  dis- 
charges and  necrotic  tissue  of  the  cancer ;  carcinoma  of  the  colon  will 
cause  death  from  intestinal  obstruction,  septic  peritonitis,  or  actual  per- 
foration ;  carcinoma  of  the  thyroid  gland  will  lead  to  fatal  dyspnea ; 
and  cancer  of  the  antrum  causes  death  by  pneumonia  due  to  the  direct 
inhalation  of  septic  material. 

Squamous-ceUed  Cancer. — This  species  always  arises  in  the 
stratified  epithelium  of  skin  or  mucous  membrane,  and  is  characterized 
by  cone-shaped  ingrowths  of  epithelium  which  invade  the  subjacent  tis- 
sue. It  may  arise  on  any  surface  covered  with  stratified  epithelium,  but 
is  more  common  in  regions  where  there  is  a  transition  from  one  kind 
of  epithelium  to  another,  and  especially  where  skin  and  mucous  mem- 
brane come  in  relation  to  each  other — e.g.,  the  anus,  the  vulva,  and 
the  lip.  Other  common  situations  are  the  tongue,  the  gums,  and  the 
mucous  membrane  of  the  cheek.  It  sometimes  occurs  at  the  edges  of 
cicatrices  and  chronic  ulcers.  Many  examples  have  been  reported  in 
which  it  has  attacked  the  base  of  an  old  wart  or  a  wart  horn, 

Squamous-celled  cancer  may  make  its  appearance  as  a  wart-like 
growth,  more  frequently  a  .small  circular  ulcer  with  raised  rampart-like 
edges  or  as  a  fissure :  it  is  particularly  apt  to  arise  on  the  scrotum  of 
chimney-sweeps. 

Although  these  three  clinical  varieties  look  .so  different,  they  are 
identical  in  structure.  When  sections  are  cut  so  a.s  to  include  the  mar- 
gin of  the  ulcer  and  underlying  tissue,  the  surfiice-epit helium  will  be 
seen  invading  it  in  the  form  of  long,  simple  or  ramified  columns.  VVeich- 
selbaum  has  pointed  out  that  the  cells  composing  the  columns  retain 
more  or  less  the  characters  of  the  epithelium  from  which  they  originate. 
When  the  cones  grow  rapidly,  the  cells  become  flattened,  and  some 
finally  cornify  (Fig.  210).  In  this  way  the  so-called  epitlielial  pearls  or 
nests  are  produced.  When  lateral  pressure  is  made  on  a  fresh  speci- 
men, whitish  plugs  arc  forced  out ;  these  pluj^g  arc  the  cellular  cones. 

The    primary   ulcers,   when    left   to    themselves,  may  extend   and 
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involve  extensive  tracts  of  tissue,  or  fungatc  and  form  large  granula- 
ting, cautiflowcr-Iikc  masses.  In  both  conditions  the  superficial  parts 
are  continually  east  off  in  a  foul,  fetid  discharge  containing  sloughs, 
cellular  detritus,  pus,  and  blood.  Vascular  tissues  arc  quickly  infil- 
trated and  destroyed ;  even  bone  is  rapidly  eroded.  Not  the  least 
remarkable  feature  of  this  disease  is  the  rapidity  with  which  it  inft-cts 
the  adjacent  lymph-glands.  The  large  size  which  the  glands  attain  in 
some  instances  is  out  of  all  proportion  to  the  dimensions  of  the  initial 
lesion,  for  a  cancer  focus  i  cm.  {0.4  inch)  in  diameter  will  lead  to  the 
formation  of  a  mass  of  enlarged  lymph-glands  as  big  as  a  cocoanut 
The  gland-complication  is  always  a  serious 
element  of  danger,  for  in  some  situations  the 
enlarged  glands  may  compress  vital  struct- 
ures, such  as  the  trachea  or  esophagus;  or, 
when  they  disintegrate  and  ulcerate,  large 
blood-vessels  may  be  o|jened,  and  fatal  bleed- 
ing ensue.     Dissemination  is  unusual. 

In  whatever  situation  it  arises,  squamous- 
celled  cancer  usually  destroys  life  quickly 
from  exhaustion,  bleeding,  pain,  or  the  impli- 
cation of  sucli  structures  as  the  pleura. 
trachea,  esophagus,  urethra,  and  bladder,  or 
even  the  dura  mater,  according  to  the  situa- 
tion of  the  initial  Itsinn.  Septic  pneumonia 
is  a  common  mode  of  death  when  thr  niiiutli, 
nasal  passages,  fauces,  lan-nx.  or  gullet  are 
implicated  in  the  ulceration.  Even  when 
freely  remo\cd.  the  disease  is  very  apt  to  recur  locally,  or  far  more 
frequcntl)'  in  the  lymph*glands. 

Adenomata   and   Carcinomata   of  Sebaceous   Glands. — 

Although  the  preceding  account  of  a<lenomata  ami  carcinomata  holds 
good  for  glands  in  general,  it  is  necessary  to  consider  scjKiralely  the 
diseases  of  sebaceous  glamis. 

Setwceous  Cysts. — In  its  best-known  form  a  sebaceous  gland 
appears  as  an  appendage  to  a  hair-follicle,  the  secretion  of  the  gland 
being  discharged  into  the  follicle.  In  some  situations,  especially  in  the 
skin  of  the  nose  and  cheek,  the  hair  is  su  delicate  and  the  glands  are 
so  large  that  the  hair  seems  to  be  an  apiicndage  of  the  gland ;  in  other 
situations — c.  ^.,  the  corona  of  the  penis,  and  the  labium  minus — the 
glands  arc  ver>'  large,  but  hair  is  absent.  In  evcr>'  .situation  where 
these  glands  exist  (even  in  ovarian  dermoids),  the  walls  of  the  acinus  arc 
apt  to  become  thickened  and  the  gland-secretion  (sebum)  retained,  giving 
rise  to  a  definite  rounded  swelling  known  as  a  sebaceous  cyst.  Such 
a  cyst  forms  a  rounded  circumscribed  swelling  lodged  in  the  skin  ;  and 
in  all  situations,  save  the  scalp,  close  scrutiny  will  reveal  a  small  circu- 
lar black  dot  or  dimple,  indicating  the  orifice  of  the  duct.  Sometimes 
the  orifice  is  open,  and  slight  pressure  causes  sebum  to  exude.  I  hesc 
cysts  may  be  as  small  as  coriander  seed,  and  they  rarely  exceed  the 
dimensions  of  a  tangerine  orange.  Many  may  grow  concurrently  in 
the  same  individual,  especially  in  the  scalp. 

Sebaceous  cysts  have  a  capsule  of  fibrous  tissue  lined  with  stratified 
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c[Mtheliuni.  They  contain  ;i  pultaceous  matter  consisting  of  shed 
epithelium,  fat,  and  cholesterin  ;  sometinicB  the  cj'sl-contcnU  consist 
of  pure  sebum  resembling  Chinese  white.  An  arachnid,  the  thntodfx 
foltiailomm.  is  cjfu-ti  jiresent.  The  capsule  of  a  sebaceous  cyst,  espe- 
cially in  the  scalp,  is  thick  and  laminated  like  an  onion. 

These  c>'sts  are  liable  to  sccondar>'  changes;  thus,  the  cyst-wall 
may  inflame  and  suppurate,  the  cyst-contents  somctiincs  decompose, 
aiid  occasionally  calcification  occurs.  An  inflamed  cyst  may  burst, 
and  its  wall  become  converted  into  a  larjji;  fnnijating  mass,  particu- 
larly nn  the  scalp  (Fig.  21 1 );  this  condition  is  apt  to  he  mistaken  for 
epthelinnia,  especially  when  tlie  associated  tymph-glancls  are  en- 
lai^cd.  These  cysts  are  not  infrequently  the  source  of  one  variety 
of  cutaneous  horn. 

Sebaceous  Adenomata. — It  has  been  so  customary  to  regard  all 
timiors  arising  In  sebaceous  glantis  ns  simple  cysts  that  it  is  tjuite  an 
exceptional  event  for  them  to  bu  submitted  to  microscopic  examination. 
Hoxvever,  this  mode  of  investigation  serves  to  show  that  some  of  them 
are  solid  and  resemble  the  exuberant  masses  which  form  upon  the  nose, 
and  which  are  often  referred  to  as  "  nasal  lipomata."  They  arc  due  to 
overgrowth  of  the  large  sebaceous  glands  so  abundant  in  the  skin  of 

the  nose.  A  careful  micro- 
scopic examination  of  sup- 
posed "fiingating  wens"  will 
show  that  many  of  them  are 
ulcerating  sebacous  adenomata. 
Sebaceous  Carcinoma  (AV 
dent  UUcr). — I  n  British  writ- 
ings on  Surgery  it  has  been 
customary  for  many  years  to 
describe  under  the  name  of  ro- 
dent ulcer  a  form  of  cancer 
which  exhibits  extraordinary 
clinical  characters.  In  its  com- 
mtm  form  a  smooth,  rounded 
knob  of  about  the  size  of  a 
split  ])ea  is  noticed  on  the  skin 
-V  N, M^-»  ^^  ^'"^  ^^CQ,  cither  on  the  nose, 

\>^i^^«^^^H^^  eyelids,  orbital  angles,  or  check. 

;,^^^^^^^g^^^  This  knob  niay  remain  for  years 

(seven,  eight,  or  twelve)  and 
cause  no  inconvenience  save 
unsij/litliness ;  then  without 
obvious  reason  it  may  ulcerate 
and  destroy  the  surrounding 
skin  and  underlying  tissues,  invoh-ing  all  tissues  in  its  vicinity — skin, 
muscles,  fat,  cartilage,  eyeball,  and  bone — and  producing  horrible 
destruction  of  the  face,  in  some  cases  even  destroying  the  base  of  the 
skull  and  meninges  and  exposing  the  brain.  To  produce  such  terrible 
cfiect.s  the  disease  requires  sometimes  five,  ten,  or  even  more  years. 
In  Its  course  it  destroys  everything,  never  cicatrizes,  and  is  painless. 
In  recent  years  the  histology  of  the  early  knobs  which  mark  the 
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beginning  of  the  disease  has  been  investigated  with  great  care.  AM 
observers  agree  that  the  disease  begins  as  a  solid  growth  beneath  the 
epidermis.  If  in  this  stage  the  nodule  is  excised  and  sections  arc 
examined  microscopically,  the  nodule  will  be  seen  to  consist  of  gland- 
ducts  filled  with  epithelium,  though  sometimes  they  take  the  form 
of  solid  cylinders.  In  the  latter  stages,  when  ulceration  is  in  full  sway, 
these  appciiranccs  arc  lost. 

The  origin  of  the  initial  knob  has  been  ascribed  to  the  following 
sources:  i.  Sebaceous  glands;  2.  Sweat-glands;  3.  The  hair-follicle; 
4.  The  outer  layer  of  the  root-sheath  of  a  hair;  5.  Epithelial  remnant 
in  the  course  of  the  facial  fissures;  6.  Vestiges  of  the  tear-pits  of 
ruminants. 

My  own  investigations  induce  me  to  ascribe  its  origin  to  the  seba- 
ceous glands. 

Although  rodent  cancer  arises  mainly  in  the  facial  situations  already 
mentioned,  it  may  occur  on  the  neck,  and  has  been  met  with  on  the 
trunk,  but  never,  so  far  as  I  know,  on  the  limbs.  It  occurs  most  fre- 
quently in  advanced  life,  but  is  not  uncommon  between  thirty  and 
fifty.  It  has  been  recorded  at  the  age  of  twenty,  but  never  before 
puberty  (fifteen  years).  It  is  more  frequent  in  men  than  in  women. 
The  extraordinar>'  features  which  distinguish  it  from  the  common  species 
of  carcinomata  arc  the  following:  :.  It  docs  not  infect  lymph-glands; 
2.  It  docs  not  disseminate;  3,  Though,  as  a  rule,  solitary,  it  may  be. 
and  often  is.  multiple;  4.  Its  duration- may  extend  over  many  years. 

Happily,  of  all  species  of  carcinomata,  this  gives  the  best  results  to 
adequate  operative  treatment.  When  freely  excised  in  the  early  stages, 
recurrence  is  ver\'  exceptional.  Even  in  the  veiy  late  stages,  as 
Moore  demonstrated  in  1S67.  bold  and  free  excision  usually  gives 
excellent  results,  so  far  as  the  course  of  the  disease  is  concerned. 


m.  DERMOIDS. 

These  are  tumors  furnished  with  skin  or  mucous  membrane,  occur- 
ring in  situations  where  these  structures  are  not  found  under  normal 
conditions.  Dermoids  only  possess  tissues  which  naturally  betong  to 
skin  or  mucous  membrane. 

The  group  contains  four  genera:  i.  Sequestration  dermoids;  2, 
Tubuloiiunnoitls ;  3.  (K'ariaii  dermoids;  4.  Dermoid  patches  (moles). 

Seqaestration  Dermoids. — The  species  of  this  genus  arise  in 
detached  or  sequestered  portions  of  the  surface  epithelium,  mainly  in 
situations  where,  during  embrj'onic  life,  coalescence  takes  place  between 
skin-covered  surfaces.  They  are  met  with  in  the  mid-line  of  the  trunk, 
from  the  occipital  protuberance  along  the  .spine  to  the  coccyx,  through 
the  (wnncum  (including  the  scrotum  and  penisl.  and  onward  through 
the  mid-line  of  the  abdominal  and  thoracic  wall  to  the  neck.  In  the 
fecc  and  neck  the>'  arise  in  the  Imes  of  the  facial  and  branchial  fissures. 
In  the  pinna,  dermoids  arise  in  the  lines  of  fusion  of  the  tubercles  out 
of  which  the  pinna  is  formed. 

The  characters  and  the  modes  by  which  dermoids  arise  may  be 
illustrated  in  the  nose.  In  the  early  embryo  the  central  part  of  the 
face  is  reprc.'iented  by  an  opening  from  whicli  five  fissures  radiate  (Fig. 
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212).     The  upper  pair  arc  the  orbitonasal,  the  two  lower  arc  the  max- 
illary fissures,  and  a  fifth  the  intcrmandibular.     The  median  fold  pro- 
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jecting  into  the  opening  from  above  is  the  frontonasal  process,  which 
ultimately  forms  the  nose.  Kach  angle  of  the  frontonasal  plate  is 
rounded  and  is  known  as  the  globular  process;  they  unite  to  form  the 

ala:  of  the  nose,  the  premaxillae, 
and  the  central  median  piece  (the 
philtrum)  of  the  up{K;r  lip.  The 
elongation  of  the  frontonasal  proc- 
ess lengthens  the  orbitonasal  fis- 
sures. The  sides  of  the  frontonasal 
plate  coalesce  superficially  with  the 
maxillary'  processes,  the  lines  of 
fusion  being  permanently  indicated 
in  the  adult  by  the  nasofacial  sul- 
cus, and  on  the  deep  surface  by 
the  lacrimal  duct.  This  brief  ac- 
count of  the  development  of  the 
face  indicates  that  the  nose  is  re- 
lated with  three  fissures :  the  orbito- 
nasal on  each  side ;  the  intemasal, 
in  the  mid-line  of  the  nose,  marks 
the  line  of  union  of  the  globular  processes.  In  each  of  these  situations 
faults  of  three  kinds  occur:  i.  'Fhc  fissure  persists;  2.  It  may  close 
imperfectly  and  leave  a  fistula;  3.  A  portion  of  surface  epithelium 
becomes  sequestered  and  forms  a  dermoid. 

In  the  case  of  the  nose  itself,  the  intemasal  fissure  is  very  apt  tr> 
be  imperfectly  obliterated  and  leave  a  fissure,  and  from  its  skin-lined 
recesses  hairs  may  sprout. 

Dermoids  at  the  root  of  the  nose  arise  in  a  different  manner.  In 
the  early  embryonic  stages  the  frontonasal  process  consists  of  hyaline 
cartilage  covered  with  skin.  Gradually  the  nasal  bones  develop  between 
the  skin  and  cartilage,  eventually  causing  the  underlying  cartilage  to 
disapi»rar.  In  the  process  of  sejwrating  sktn  from  cartilage,  fragments 
of  surface  epithelium  become  sequestered  and  give  rise  to  dermoids. 
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Dennoids  of  the  scalp  ari'^c  in  this  way.  and 
the  deep  surface  of  the  cranium,  and  cause  d 
the  brain. 

Sequestration  dermoids  rarely  attain  a  large  size ;  the  majority  do 
not  exceed  5  centimeters  (2  inches)  in  diameter.  Structurally  they 
appear  as  cysts  lined  with  skin  which  resembles  the  cutaneous  invest- 
ment of  the  parts  in  which  they  arise.  Thus,  a  dermoid  of  the  eyelid 
will  have  its  skin-lining  like  that  of  the  eyelid;  in  the  .scalp,  the  hairs 
and  glands  are  like  those  of  the  normal  scalp,  and  so  on.  Sequestration 
dermoids  very  rarely  contain  teeth.  Dermoids  in  the  nasofacial  sulcus 
are  rare,  whilst  they  arc  of  frequent  occurrence  in  the  neighborhood  of 
the  orbit,  but  arc  more  common  at  the  temporal  than  at  the  nasal  angle. 

Implantation  Cysts. — It  has  long  been  rccofjnized  that  dermoids  do 
not  occur  in  the  limbs;  yet,  occasionally,  small  skin-lined  cysts  arc  met 
with  in  the  skin  of  the  hand  and  fingers.  It  has  been  demonstrated 
that  these  cysts  are  the  results  of  injury,  such  as  pricks  and  cuts, 
whereby  fragments  of  the  skin  are  carried  into  the  subcutaneous  tissue 
and  subsequently  give  rise  to  skin-lined  cysts.  These  are  called 
implantation  cysts,  from  the  manner  of  their  origin.  They  may  attain 
the  size  of  a  bantam's  egg.  and  occur  not  only  in  the  limbs,  but  on  the 
trunk,  scalp,  and  face.  Very  many  examples  have  been  recorded  in  the 
cornea  and  iris  as  the  result  of  punctured  wounds  of  the  globe,  as  well 
as  the  consequence  of  operations,  such  as  iridectomy  and  cataract- 
extraction.  The  cysts  arc  considered  here,  since  they  serve  as  experi- 
mental priM 'f  that  sequestered  portions  of  skin  may  act  as  tumor-germs. 

Ttlbtilodennoids. — In  the  human  embryo  there  are  certain  canals 
and  passages  which  normally  disappear  before  birth.  These  are  known 
as  obsolete  canals.  Three  *of 
these,  the  thyroglossal  duct,  the 
branchial  clefts,  and  the  postanal 
gut,  arc  occasionally  the  source 
of  dermoid'?. 

Lini^al  Dermoids. — The  va- 
riety which  arises  in  the  center  of 
the  tongue,  between  the  gcniohyo- 
glossi  muscles,  has  its  origin  in  the 
persistent  glossal  segment  of  the 
th>TOglossal  duct  (I'ig.  214). 

Rectfil  Dermoids. — There  are 
three  situations  in  relation  with  the 
rectum  in  which  dermoids  arise: 
I.  They  may  hang  as  polypi  from 
the  mucous  membrane ;  2.  They 
sometimes  lie  between  the  rectum 
and  coccyx,  extending  upward  mto 
the  hollow  of  the  sjicrum ;  or,  3. 
They  project  from  between  the 
rectum  and  coccyx  as  huge  congenital  tumors  (familiar  as  congenital 
sacrococcygeal  tumors).  The  last  two  species  arise  in  persistent  seg- 
ments nf  the  postanal  gut.  The  solid  skm-covercd  lumors  lying  be- 
tween the  cocc>'x  and  rectum  are  probably  teratomata. 
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Branchial  Dermoids.— These  arise  in  persistent  branchial  fissures. 
They  arc  congenital,  and  lie,  as  a  rule,  beneath  the  deep  cervical  fascia. 

Tubulodermoids,  apart  fiom  their  mode  of  origin,  diflfcr  from  the 
sequestration  genus  in  the  following  points  ;  They  often  attain  ver>*  large 
proportions,  exhibit  a  more  complex  structure,  and  not  infrequently 
contain  teeth. 

Ovarian  Dermoids. — This  genus  difltrs  from  other  dermoids  in 
their  mode  of  orijjin  as  well  as  in  the  great  variety  of  structure  they 
contain.  The  ovarian  dermoid  arises  in  that  region  of  the  ovarj'  con- 
taining the  follicles  (the  oophoron),  and  the  glandular  and  epithelial 
elements  are  derived  from  the  rich  follicular  epithelium. 

An  ovarian  dermoid  may  contain  hair  (Fig.  215)  which  is  some- 
times a  meter  (3937  inches)  in  length;  skin-glands  of  every  varietj- — 
sebaceous,  sudoriparous,  and  manimarj' — also  horn,  nail,  and  epithelial 
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Fic,  a:5. — An  ovarian  dermoid. 


pcarLs;  and  collections  of  shed  epithelium  which  sometimes  assume  the 
form  of  pills,  and  may  number  3000  or  4000  in  one  cyst  Bone  is  not 
uncommon,  and  teeth  (Fig.  216)  may  be  numerous  (i  to  300). 

Ovarian  dermoids  sometimes  attain  prodigious  proportions  (50  lbs.). 
There  is  no  reliable  evidence  of  the  existence  of  an  ovarian  dermoid 
in  a  child  under  one  year  of  age.  In  this  respect  they  tlifler  from 
sequestration  dermoids,  whicli  arc  nearly  always  congenital. 

Moles. — This  term  is  applied  to  a  congenital,  pigmented,  and 
usually  hairv-  patch  upon  the  slctn.  Moles  vary  greatly  in  size.  Some 
are  like  dots,  others  may  be  as  big  as  the  palm,  and  occasionally  a 
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mole  may  involve  half  the  face  or  trunk.  They  commonly  occur 
where  hair  is  scantj',  and  are  conspicuous  objects.  Moles  sometimes 
arise  on  llic  scalp  and  conjunctiva.  The  hair  on  moles  is  usually  short, 
but  it  may  be  ro  centimeters  (3.9  inches)  or  more  long.  It  is  furnished 
with  .sebaceous  glands  ;  sweat-glands  are  often  present,  even  in  the  con- 
junctival variety.  The  most  important  liistologic  feature  in  moles,  both 
hairy  and  hairlt;ss,  is  the  fact  that  the  tissue  immediately  underlying 
them  has  a  di.s]X>sition  like  that  characteristic  of  an  alvcokir  sarcoma. 

A  mole  bleeds  freely  when  its  surface  is  abraded;  it  is  liable  to 
ulcerate ;  and,  later  in  life,  is  prone  to  become  the  starting  point  of  a 
melanoma.  A  large  pigmented  mole  often  overlies  a  plexifnrm  neu- 
roma.   (See  page  479.) 

Teratomata. — A  teratoma  is  an  irregular  conglomerate  mass,  con- 
taining the  tissues  and  fragments  of  the  viscera  of  a  suppressed  fetus, 
attached  to  an  otherwise  normal  individual.  Strictly,  the  consideration 
of  lemtomata  belongs  to  teratology,  but  certain  species  are  very  apt  to 
be  confounded  with  dermoids. 
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When  a  single  ovum  gives  origin  to  two  embr>'0.s,  thc>'  may  remain 
separate  or  be  conjoined.  Occasionally,  when  the  cmbrj'os  remain  dis- 
tinct and  have  a  common  placenta,  one  embr>*o  goes  on  to  full  develop- 
ment, but  the  other  becomes  an  "  ill-formed  lump,"  sometimes  furnished 
with  arms  and  legs,  but  often  having  the  limbs  blended  with  the  trunk. 
These  are  known  ss  acardiar  fetuses.  When  the  twins  are  conjoined, 
both  may  go  on  to  full  development,  or  one  may  Ijecome  suppressed 
and  remain  as  an  Imperfectly  developed  fetus  attached  to  one  that  is 
fully  formed.  The  bearer  of  a  parasitic  fetus  of  this  kind  is  termed  the 
autositc.  The  degree  to  which  tlie  parasitic  fetus  is  developed  varies 
very  greatly.  When  the  limbs  are  developed,  there  is  no  difficulty  in 
recognizing  it;  but  when  it  is  a  sessile  mass,  (here  is  more  difficulty. 

An  acardiac  fetus  diflcrs  from  a  parasitic  fetus  merely  in  the  fact  that 
the  former  is  connected  with  its  twin  by  means  of  the  placenta,  whilst 
the  latter  is  directly  attached  to  its  companion.  Parasite  fetuses  may  be 
attached  to  any  part  of  the  head  or  trunk  of  the  autositc.  The  poste- 
rior sacral  region  is  jwrhaps  the  commonest.  In  a  few  rare  cases  the 
suppressed  fetus  has  been  found  on  the  posterior  wall  of  the  belly  or 
the  thorax. 

The  essential  difference  between  a  teratoma  and  a  dermoid  is  this: 
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A  teratoma  contains  formed  organs,  such  as  intestine,  liver,  kidney,  etc., 
and  complete  bones,  such  as  a  vertebra,  perhaps  with  a  piece  of  spinal 
cord  or  a  completely  formed  hmb ;  denmoids,  on  the  other  hand,  con- 
tain skin  or  mucous  membrane  (sometimes  both)  and  such  structures — 
glands,  hair,  nails,  teeth,  etc. — as  are  normally  derived  from  skin  and 
mucous  membrane. 

IV.  CYSTS. 

Cysts  (or  cystomata)  result  from  the  abnormal  dilatation  of  pre- 
existing tubules  or  cavities.  In  the  simplest  forms  they  consist  of  a 
wall,  usually  composed  of  fibrous  tissue,  but  not  infrequently  mixed 
with  plain  muscle-fiber.  The  cyst-contents  may  be  mucus,  bile,  saliva, 
etc.,  according  to  the  nature  of  the  organ  with  which  the  cyst  is  con- 
nected. 

Cysts  may  be  arranged  in  four  genera:  i.  Retention  cysts;  2. 
Tubulocysts ;  3.  Hydroceles ;  4.  Gland-cysLs. 

Retention  Cysts. — When  the  duct  of  a  gland  is  obstructed,  the 
secretion,  hindered  from  escaping,  accumulates  in  the  ducts  and  acini, 
and  dilates  them.  If  the  obstruction  be  maintained  or  oft-repeated,  the 
gland-tissue  atrophies,  and  finally  the  gland  and  its  duct  are  converted 
into  a  fluid-containing  sac  or  cyst.  Typical  retention  cysts  arise  in  con- 
nection with  hollow  organs  the  inner  walls  of  which  are  provided  with 
glands,  such  as  the  uterus,  gall-bladder,  and  vermiform  appendix. 

Retention  cysts  may,  and  often  do,  reach  very  large  proportions, 
endangering  life  by  interfering  with  the  functions  of  the  organ  in  which 
they  arise,  or  by  mechanically  disturbing  adjacent  viscera.  Frequently, 
pathogenic  micro-organisms  gain  access  to  the  contents  of  cysts,  and 
establish  suppuration  with  all  its  attendant  evils. 

TtibulocystS. — This  genus  includes  cysts  arising  in  functionless 
ducts — i-.  ^.,  the  urachus,  vitello-intestmal  duct,  parovarian  tubules,  and 
Gartner's  duct.  Functionless  ducts  must  not  be  confounded  with 
obsolete  canals.    (See  page  499.) 

Hydroceles. — These  cysts  are  due  to  excessive  accumulation  of 
fluid  in  a  diverticulum  or  pouch  of  the  peritoneum.  The  following  are 
the  chief  species :  hydrocele  of  the  tunica  vaginalis  testis ;  hydrocele 
of  the  canal  of  Nuck;  hydrocele  of  hernial  sacs;  hydrocele  of  the 
ovarian  pouch  (probably  confined  to  a  few  mammals) ;  omental  hydro- 
celes, or  cysts  due  to  accumulation  of  fluid  between  the  layers  of  the 
great  omentum. 

Gland-cysts. — In  many  compound  glands  the  secretion  escapes 
by  a  common  duct.  Thus,  in  the  salivary  glands — c.  g.,  the  parotid — 
the  excretory  conduit  is  known  as  Steno's  duct ;  the  duct  of  the  kidney 
is  the  ureter,  and  that  of  the  submaxillary  gland  is  known  as  Wharton's 
duct.  In  other  compound  glands  the  secretions  open  into  a  number 
of  channels,  each  with  a  discrete  orifice.  For  example,  the  mammar>' 
or  milk-ducts  open  separately  on  the  apex  of  the  nipple ;  the  lacrimal 
and  sublingual  glands  have  many  ducts  with  separate  terminations.  In 
compound  glands  of  this  kind  a  distinction  must  be  made  between 
cysts  arising  in  the  ducts  or  in  connection  with  the  acini  of  the  glands. 
For  instance,  in  the  kidney,  obstruction  to  the  main  duct  (ureter)  leads 
to  hydronephrosis,  but  when  the  uriniferous  or  gland-tubes  form  cysts, 
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then  the  organ  becomes  a  conglomerate  cystic  body  (Fig.  217).  This 
is  M'ell  seen  in  the  mamma,  where  a  cyst  arising  in  the  milk-duct  is 
situated  rear  the  base  of  the  nipple  (Fig.  218):  by  pressure  the  fluid 
maybe  made  to  exude  through  the  duct;  but  when  the  glandular  acini 
become  cystic,  the  organ  is  dotted  throughout  with  flu  id -containing 
cavities. 

A  cyst  due  to  distention  of  \V]»arton"s  duct  is  called  a  ranitia ;  one 
arising  in  the  ducts  of  the  lacrimal  gland  is  termed  dacryops. 
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Ftc.  317.— Urinary  orgiinB  <^  a  felut  wth  imporforair  urethra.  On  one  t*d«  the  untor  '» 
dilnlcil  into  a  bance  cf *t.  and  the  rcnnl  p«lvu  b  ucculitted  ibydronephrolic);  tbe  opposite 
ureter  t«  narrotr.  and  lh«  uriniftraus  (ubuloi  arr  ccUlk. 

Pseudocysts. — There  are  many  conditions  often  classed  as  cysts 
which  may  with  greater  propriety  be  arranged  as  a  sub-group  contain- 
ing four  genera:  1.  Diverticula;  2.  Hursx ;  3.  Neural  cysts;  4.  Para- 
sitic cysts. 

Diverticula. — The  term  diverticulum  denotes  a  hernia  or  protrusion 
of  the  lining  mentbrane  of  a  cavity  through  a  defective  spot  in  its  walb. 
Diverticula  occur  in  mucous  canals — 1\  g.,  the  phar>'nx.  esophagus, 
larynx,  trachea,  intestine,  and  bladder.  A  hernial  protrusion  of  the 
synovial  membrane  of  a  joint  is  called  a  synovial  cyst,  and  in  the  case 
of  tendon-sheaths,  a  ganglion.  Localized  protrusions  of  the  meninges 
of  the  brain  and  spinal  cord  are  known  as  meningoceles. 

Bursa;. — Where  muscles  or  their  tendons  glide  over  osseous  promi- 
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nences,  and  in  situations  where  the  skin  is  exposed  to  intcnnittcat 
pressure  combined  with  friction,  membranous  sacs  tilled  witn  glairy 
fluid  occur.  These  are  known  as  bursiE,  and  are  often  a  source  of 
inconvenience,  especially  when  they  inflame.  Common  examples  are 
tlic  prepatellar  and  olecranon  burss.  Ver>'  larpe  examples  are  some- 
times found  over  the  tuberosity  of  the  ischium  and  the  great  trochanter. 
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Troublesome  burs£  are  found  under  many  corns  and  associated  witli 
bunions, 

Neural  Cysts. — This  genus  includes  the  abnormal  conditions  of 
hniiii  kno\vn  as  encephalocclc  and  dilatation  of  the  cerebral  ventricles 
(hydrocephalus).  It  also  includes  malformations  of  the  spinal  cord 
iiichii!(;d  in   the  term  s))ina  bL6(lH. 

Parasitic  Cysts. — This  includes  cchinococcus  cysts  and  colonies 
and  the  cysticercal  stage  of  the  tenia. 


CHAPTER   XVT. 

FRACTURES. 


GENERAL  CONSIDERATIONS. 

FracturEj  in  the  pencral  surgical  st-nsc,  is  the  breaking  of  hard 
animal  tissue ;  in  the  special  surgical  sense  employed  liere,  the  term  is 
applieit  to  ihc  breaking  of  bone.  It  shouli]  be  borne  in  mind  that  a 
fracture  is  a  wound — a  wnund  of  bone — ami  tli.it  in  its  etiology,  symp- 
toms, pathology,  and  treatment  it  is  amenable  to  the  same  laws  which 
govern  wounds  in  other  tissues. 

Varieties. — The  varieties  of  fracture,  for  convenience  of  classifica- 
tion, may  be  divided  as  follows  : 

A.  According  to  the  Lines  of  Fracture. — The  terms  transverse, 
oblique,  dentate,  spiral,  V-shaped,  T-sliaped.  and  longitudinal  fracture 
arc  self-explanatory.  A  steUotc  frarlure  is  one  in  which  multiple  lines 
of  fracture  radiate  from  a  central  point.  V>y  comminuted  fracture  is 
understood  a  breaking  of  bone  into  small  fragments :  this  is  usually 
caused  by  direct,  crushing  injuries.  When  a  bone  is  broken  in  several 
places,  more  widely  separated  than  in  comminuted  fracture,  the  term 
multiple  fracture  is  applied.  A  splintered  fracture  is  one  in  which  a 
small,  superficial  fragment  of  bone  is  chipped  off.  This  sometimes 
occurs  as  the  result  of  muscular  action,  whereby  a  fragment  of  bone  to 
which  the  muscle  is  attached  is  torn  away.  The  term  is  also  applied 
to  multiple  parallel  lines  of  fracture,  close  together,  and  terminating  in 
the  free  surface  or  broken  end  of  a  bone.  Puucturctl  ov  penetrating 
fracture  is  usually  a  variety  of  comminuted  fracture,  caused  by  a  pene- 
trating instrument  or  projectile.  It  may,  however,  be  caused  by  a  sharp 
instrument  which  produces  only  a  separation  of  the  bone,  by  parting 
its  substance  to  cither  side  as  it  enters,  ^y  gunshot  fracture  is  under- 
stood the  fracture-  produced  by  a  projectile  from  a  firearm.  Such 
fractures  vary  from  an  ordinary  penetrating  fracture  to  the  most 
severe  comminuted  fracture.  They  are  of  es]>ecial  importance  because 
they  are  always  associated  with  a  lacerated,  usually  infected  wound  of 
the  soft  parts.  A  fracture  with  loss  of  substance  is  one  in  which,  at 
the  time  of  injury,  a  portion  of  the  bone  is  separated  or  entirely 
removed  from  its  normal  connections. 

B.  Accordlnif  to  the  Dejcree  ol  Fracture. — A  complete  fracture  is 
one  in  which  the  bone  is  divided  into  two  or  more  parts  by  a  line  or 
lines  of  fracture  involving  its  whole  thickness.  When  the  bone  is  not 
completely  .separated  into  two  or  more  parts — as  in  the  case  of  the 
shaft  of  a  long  bone  with  a  crack  passing  only  partly  across  its  longi- 
tudinal axis,  and  in  the  case  of  a  flat  bone,  when  the  fracture-line 
does  not  extend  completely  from  one  side  of  the  bone  to  the  other — 
the  term  incomplete  fracture  is  used.     To  this  second  class  belongs  ths 


5o6  INTEJi NATIONAL    TEXT-BOOK  OF  SURGERY. 

green-Stick  or  bending  fracture — that  is,  a  fracture  caused  by  the  bend- 
ing of  a  long  bone  to  such  a  degree  that  the  bone-tissue  separates  on 
the  side  which  suffers  traction,  and  does  not  separate  upon  the  opposite 
side,  or  side  of  compression.  Fissured  fracture ,  or  fissure,  is  a  form  of  the 
incomplete  variety  in  which  a  single  line  or  lines  of  fracture  traverse 
only  a  part  of  the  thickness,  breadth,  or  length  of  a  bone.  It  is  most 
commonly  observed  in  the  skuU,  and  sometimes  as  a  longitudinal 
fracture  of  the  long  bones.  In  the  long  bones  it  may  be  produced 
transversely  or  obliquely  by  the  same  force  that  causes  green-stick 
fracture  in  a  less  brittle  bone.  Depressed  fracture  is  usually  incomplete ; 
though  there  is  a  form  of  complete  depressed  fracture  in  which  an 
area  involving  the  whole  thickness  of  the  bone  is  completely  separated 
and  driven  in.  The  incomplete  depressid  fracture  consists  in  the  bend- 
ing or  pressing  in  of  an  area,  without  a  circumferential  separation 
involving  the  whole  thickness  of  the  bone.  The  crushing  in  of  the 
bony  wall  of  an  antrum  or  sinus  or  of  the  vitreous  layer  of  a  bone 
into  the  underlying  cancellous  structure  constitutes  an  incomplete 
depressed  fracture. 

C.  According  to  the  Displacement  of  the  Fragments. — Depressed 
fracture  of  the  complete  variety  is  observed  especially  in  the  skull,  and 
is  of  importance  because  of  the  accompanying  injury  to  the  underlying 
viscera.  Fracture  with  transverse  displacement  is  one  occurring — as  is 
the  case  with  the  five  following  varieties— in  long  bones,  and  is  charac- 
terized by  a  displacement  of  one  or  both  fragments  in  a  direction  trans- 
verse to  the  long  axis  of  the  bone.  When  the  degree  of  displacement 
is  greater  than  the  diameter  of  the  bone,  the  contraction  of  the  overly- 
ing muscles  tends  naturally  to  the  production  oi  fracture  with  overriding. 
Fracture  with  rotary  displacement  is  the  result  of  the  destruction  of  the 
normal  relations  by  a  rotation  of  one  or  both  fragments  upon  the  long 
axis.  Fracture  with  angular  displacement  not  only  occurs  in  complete 
fractures,  but  is  usually  the  only  displacement  in  incomplete  or  green- 
stick  fractures  of  the  long  bones.  It  is  very  variable  in  its  degree, 
and  may  be  associated  with  lateral  dislocation  to  such  an  extent  that  a 
T-shaped  displacement  results.  When  displacement  occurs  in  the 
direction  of  the  long  axis  of  the  bone,  the  lesion  is  designated  as  frac- 
ture with  longitudinal  displacement,  though  the  term  is  understood  to 
apply  only  to  fractures  with  longitudinal  separation  or  drawing  apart 
of  the  fragments.  An  impacted  fracture  is  the  driving  of  one  fragment 
into  another,  or  the  telescoping  of  the  bone. 

D.  According  to  the  Lfxration  of  the  Fracture. — The  separation  of 
an  epiphysis  is  an  accident  peculiar  to  young  persons.  It  is  of  impor- 
tance because,  in  the  healing,  the  cartilage  which  separates  the  epiphysis 
from  the  diaphysis  often  becomes  prematurely  ossified,  and  thus  the 
subsequent  longitudinal  growth  of  the  bone  is  Interfered  with.  Fracture 
of  the  shaft  is  the  most  frequent  of  fractures.  Fracture  of  the  head  of 
a  bone,  because  of  its  almost  invariable  involvement  of  the  articular 
surface,  assumes  a  special  importance.  Fracture  of  the  neck  of  a  bone 
may  or  may  not  involve  that  part  of  the  neck  which  lies  within  the 
joint.  The  term  "  fracture  of  the  extremity  of  a  bone  "  is  included  in  the 
above-mentioned  classes.  Intracapsular  or  infra-articular  fracture  is  a 
fracture  lying  wholly  within  the  joint.     Extra-articular  {vActurt  is  one 
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lying  in  close  relation  to  the  joint,  but  still  exterii;il  lo  the  joint- 
capsule.  When  llie  line  of  fracture  involves  the  bone  both  within  and 
without  the  joint.it  is  designated  as  mixal  fracture.  Interenndyloid 
fracture  is  a  fracture  which  enters  a  joint  between  the  condyles.  The 
separation  of  an  apophysis  is  similar  to  the  separation  of  a  splinter  by 
direct  external  violence  or  muscular  action.  Hy  middple  fracture  is 
understood  the  simultaneous  breaking  of  two  or  more  bones. 

E.  According  to  the  Presence  or  Absence  of  other  Injuries. — A 
simple  or  ilosfd  fratturf  is  one  that  ts  not  complicated  by  a  wound 
extending  from  the  seat  of  fracture  through  the  overlying  skin  or 
mucous  membrane.  \  covtpouiid  or  open  fraitnre'v^  awM  that  is  asso- 
ciated with  such  a  wound.  This  variety  of  fracture  is  of  the  greatest 
importance,  because  it  adds  to  the  bonc-injur>'  the  possibilitj*  of  all 
the  dangers  and  complications  of  an  open  wound.  The  dangers  inher- 
ent in  a  compound  fnicture  are  greater  than  (hose  in  a  simple  fracture, 
complicated  by  a  wound  of  ihe  soft  parts  of  the  same  extent,  not  con- 
nected with  the  break  in  tlie  bone.  The  combination  with  a  fracture 
of  an  open  wound  involving  the  soft  tissues  adds  an  extra  hazard 
which  is  entirely  out  of  proportion  to  the  combined  dangers  of  the 
two  conditions  when  existing  separately.  A  complicated  fracture  is  one 
associated  with  a  wound  of  a  large  nerve,  vessel,  joint,  or  internal 
organ,  or  with  the  dislocation  of  a  joint  with  which  a  broken  bone 
arliculales. 

F.  According:  to  the  Etiology  of  the  Fracture. — Under  this  head- 
ing arc  two  great  classes — trauma  tic  fractures  ^r\^  pathological  fractures. 
The  first  occur  as  the  immediate  result  of  violence  to  healthy  bone,  or 
to  bone  which  is  strong  enough  to  withstand  a  considerable  degree  of 
breaking  force.  The  second  occur  in  bones  which  have  become  so 
fragile,  as  the  result  of  pre-existing  local  disease,  that  a  slight  degree 
of  force  suffices  to  cause  a  fracture. 

The  traumatic  fractures  are  the  following:  Fracture  by  direct  force 
implies  that  the  fracture  occurs  at  the  location  where  the  primarj- force 
strikes  the  bone.  Fracture  by  indirect  force  implies  that  the  fracturing 
force  is  applied  at  a  point  remote  from  the  place  where  the  bone  breaks, 
and  is  transmitted  through  the  bone.  It  is  customary  to  speak  also  of 
fracture  by  tivisting  and  fracture  by  traction.  Fracture  by  contrc'Coup, 
or  opposite-stroke,  is  a  term  applied  to  that  form  of  indirect  fracture 
of  the  skull  in  which  the  fracture  occurs  on  the  opposite  side  from 
that  at  which  the  force  is  applied.  These  are  fractures  bv  external 
violence.  !n  fracture  by  muscular  contraction  the  violence  is  done  by 
force  generated  within.  Spontaneous  fracture  is  an  old  term  apfilied  to 
fracture  of  the  pathological  variety. 

(For  the  varieties  of  pathological  fracture,  sec  the  Predisposing 
Cau*;fN  of  h'racture.) 

Btiology. — Under  this  head  arc  considcrctl  the  predisposing  and 
exciting  causes  of  fracture.  Predisjxising  causes  which  induce 
abnumiat  fragilitj'  of  bone  are  caries  and  necrosis ;  tumors  of  bone, 
cither  primar)'  or  metastatic;  pressure  or  encroachment  upon  the  bone 
by  extra-osseous  tumors;  osteomyelitis;  cslcoporosis ;  fragilitas 
ossium  ;  osteitis  deformans  ;  cchinococcus  ;  actinomycosis  ;  syphilis ; 
tuberculosis;  atrophy  as  a  result  of  disuse  or  circulatory  defects;  fetty 
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degeneration;  mercurial  poisoning;  rheumatism  and  gout.  Aside  from 
these  more  particularly  local  causes  are  certain  general  disturbances 
which  render  bone  more  liable  to  fracture.  These  are  rickets ;  osteo- 
malacia; scrofula;  insanity;  locomotor  ataxia;  general  paralysis,  and 
other  diseases  involving  the  trophic  centers ;  old  age  and  general 
inanition.     In  some  families  there  is  an  hereditary  liability  to  fracture. 

There  are  certain  other  predisposing  causes  of  fracture  which  do 
not  depend  upon  pathological  changes.  Persons  of  the  male  sex, 
because  of  greater  exposure  to  violence,  sustain  more  fractures  than 
the  female.  In  certain  occupations  the  liability  to  fracture  is  greater 
than  in  others.  The  occurrence  of  fracture  is  influenced  by  the  season. 
It  is  not  true  that  bone  is  more  brittle  in  cold  weather,  but,  because  of 
the  more  tonic  state  of  the  muscular  system  in  cold  weather,  the  joints 
are  held  more  rigidly,  and  thus  injury  is  more  apt  to  cause  fracture. 
The  presence  of  ice  in  certain  seasons  adds  to  the  danger.  The  shape 
and  the  situation  of  certain  bones  are  factors  in  their  predisposition  to 
fracture. 

The  exciting  causes  of  fracture  are  external  violence  and  muscular 
action.  By  external  violence  is  meant  the  violent  or  forcible  contact 
of  a  part  of  the  body  with  some  external  body  or  force.  Such  a  force 
may  be  the  cause  of  fracture  by  direct  action — that  is,  the  fracture  may 
occur  directly  at  the  place  where  the  external  force  is  applied;  as,  for 
example,  when  the  leg  is  struck,  and  breaks  at  the  place  of  contusion. 
Or  the  force  may  act  indirectly,  and  cause  a  fracture  at  some  point 
remote  from  the  place  where  the  external  force  meets  the  body ;  as, 
for  example,  the  breaking  of  the  radius  by  a  fall  upon  the  hand. 
Muscular  action  is  not  an  uncommon  cause  of  fracture.  The  violence 
is  done  by  the  sudden  and  strong  contraction  of  muscle,  acting  usually 
upon  some  bony  prominence  or  bone  which  projects  as  a  lever  over  its 
underlying  fulcrum.  The  most  common  seats  of  fractures  caused  in 
this  way  are  the  olecranon  process  of  the  ulna,  which  is  broken  by  the 
triceps  muscle,  and  the  patella,  which  is  broken  by  the  quadriceps 
extensor  muscle. 

S3^mptoms. — The  immediate  symptoms  of  fracture  are  local  and 
general. 

Local  Immediate  Symptoms. — Abnormal  mobility  is  a  symptom 
which  depends  upon  the  possibility  of  displacement  of  the  fragments. 
When  the  bones  of  a  limb  are  broken.  It  may  be  possible  to  move  the 
limb  in  directions  in  which  the  normal  limb  could  not  be  moved,  and 
the  size  of  the  arc  through  which  the  limb  normally  moved  may  be 
increased. 

False  Point  of  Motion. — The  above  symptoms  depend  upon  the 
presence  of  an  abnormal  point  of  motion  in  the  bone.  The  fragments 
may  remain  in  exact  apposition,  or  displacement  may  be  present. 

Crepitus. — Tliis  is  the  peculiar  grating  feeling  that  is  imparted  to 
the  examining  hand  when  broken-bone  surfaces  are  rubbed  together. 
Sometimes  it  can  be  detected  by  the  sense  of  hearing.  It  is  also  man- 
ifested to  tlie  patient  by  the  sense  of  feelin^f. 

These  are  the  most  important  .symptoms  of  fracture.  They  apply 
more  particularly  to  the  fractures  of  the  long  bones,  and  belong  espe- 
cially to   the   class   of   complete  fractures.     Crepitus    may  be   absent 
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present  because  of  the  inaccessibility  of  the  seat  of  fracture.     This  is 
the  case,  for  example,  with  fniclure  of  the  base  of  the  skull. 

In  the  diagnosis  nf  fr;iclure.s  a  knowIrt3^e  of  the  landiiiRrks,  and 
especially  of  the  bony  prominences  about  the  joints,  is  of  (;reat  impor- 
tance. The  presence  of  deformity  and  its  degree  may  be  determined 
by  comparison  of  the  injured  limb  with  the  sound  hmb,  and  by  meas- 
urement of  the  bony  prominences  on  cither  side  of  the  injury.  The 
rational  signs  are  determined  by  palpation  a\\k\  insptction.  Ry  apply- 
ing the  stethoscope  (irmly  over  tlie  injured  b(Hie,  am!  applying  ]ktcus- 
sion,  the  iwrcu-^sion-notf  will  be  <liMinctly  heard  so  long  as  there  is  no 
solution  of  the  continuity  of  the  bone  between  the  stethoscope  and  the 
point  of  percussion ;  but  if  a  fracture  intervenes,  the  sound-wave  is  lost. 
Finally,  a  shadow-picture  of  the  bone  may  be  obtained  by  means  of  the 
Rontgen  process. 

The  healing  of  fractures  is  discu.ssed  elsewhere. 

Treatment. — The  treatment  of  fractures  is  based  upon  two  funda- 
mental princi|)les — the  correction  of  the  deformity,  and  the  maintenance 
of  the  fragments  in  normal  apposition  until  consolidation  has  taken 
place. 

The  methods  of  replacing  the  fragments  in  their  natural  positions 
must  naturally  vary  much  with  the  location  and  character  of  the  fract- 
ure. In  many  fractures  there  is  little  or  no  dis[jlacenjent  whereas  in 
others  the  displacement  amounts  to  <i  complete  separation  of  a  part  of 
the  bone  to  such  a  degree  as  to  cut  it  off  from  vital  connection  with 
the  rest  of  the  body.  Simple  fractures  of  the  leg  without  displacement 
are  often  changed  into  fractures  with  displacement,  or  even  into  com- 
pound fractures,  by  the  patient  attempting  to  use  the  leg  Immediately 
after  the  accident.  It  is  no  uncommon  occurrence  for  simple  fractures 
to  be  converted  into  fnictures  of  the  compound  variet\-hya  sharp  point 
or  edge  of  hone  penetrating  the  skin  during  the  manipulation  of  the 
limb  or  while  the  patient  is  being  transported.  It  is  therefore  impor- 
tant thai  the  greatest  care  be  e.tercised  to  prevent  the  injurj*  from  being 
made  worse.  A  fractured  hmb  should  be  kept  as  still  as  possible 
until  the  fractured  region  can  be  exposed.  Trousers- legs,  drawers, 
shoes,  and  stockings  should  be  cut  off.  if  their  remov.il  otherwise  can- 
not be  accomplished  without  undue  moving  of  the  injured  limb. 

In  the  ca.'ie  of  a  complete  fracture  oi  the  bones  of  the  leg  or  thigh, 
when  the  limb  is  moved,  it  should  be  supported  both  above  and  below 
the  seat  of  fracture,  and  grasped  in  such  a  way  as  to  prevent  rotation 
as  well  as  angular  motion.  When  the  patient  is  to  be  moved  from  the 
seat  of  the  accHdent.  motion  of  the  fragment  may  be  prevented  by 
extemporized  splints  of  board,  straw,  rolls  of  piiper.  cloth,  twigs,  or 
the  injured  IJmh  may  be  bandaged  to  its  fellow  with  a  pillow  bet^veen. 
The  patient  should  be  carried,  if  possible  in  the  recumbent  position,  on 
a  litter.  The  subsequent  treatment  should  be  conducted  upon  a  hard 
bed — that  is,  a  bed  witli  a  firm  mattress,  wliich  does  not  sag  with  the 
weight  of  the  body.  To  accomplish  this,  boards  should  be  placed 
between  the  mattress  and  the  springs  of  the  betl. 

In  the  correction  of  the  deformity  or  the  setting  of  the  fracture  the 
force  should  be  applied  gently,  increasing  firmly  and  gradually,  not 
quickly  and  abruptly,  until  the  desired  result  is  secured.     When  there 
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always  develops  about  the  seat  of  fracture  more  or  less  edtma. 
There  may  also  be  present  edema  of  the  whole  limb  below  the  fract- 
ure, as  the  result  of  obstruction  to  the  return  circulation  by  pressure 
upon  the  vessels  by  fragments  or  ctlgcs  of  bone,  by  angulation,  or  by 
the  perivascular  exudate.  When  the  exuded  scnim  comes  to  the  sur- 
face, it  lifts  up  the  outer  layer  of  the  skin  and  forms  the  blebs  or  bullx 
which  are  common  about  fractures. 

Ecchymosis  is  one  of  the  most  constant  symptoms.  It  appears  a 
few  hours  after  the  injury  as  a  mottling  of  the  skin,  varj'ing  in  color 
from  a  pale  oiive  or  red  to  a  dark  maroon  or  bluish  tint.  The  blood 
comes  from  the  broken  bone  and  from  the  torn  soft  tissues.  The 
natural  tendency  is  for  the  pain  and  tenderness  gradually  to  subside. 
although  it  sometimes  happens  that,  as  a  result  of  the  pressure  of  the 
exudate,  these  symptom.s  become  aggravated.  Local  rise  of  temperature 
accompanies  the  increase  of  blood-supply  and  the  increased  metabolic 
changes. 

Qeneral  Mediate  Symptoms. — Fc.'tr  devclnps  to  a  (greater  or  less 
degree  in  all  fractures.  Ilcmic  or  a.^cptic  fever  is  present  in  all  ca.scs, 
and  is  due  to  the  Ubcration  of  fibrin-ferment  from  the  cxtravasatcd 
blood,  and  the  .reabsorption  of  the  same.  The  duration  of  this  fever 
depends  much  upnn  the  amount  of  liic  extravasation.  It  is  accom- 
panied with  no  evident  constitutional  disturbances.  Sejitic  fever 
dejiends  upon  the  presence  of  infective  organisms,  and  belongs  to 
the  consideration  of  wounds. 

IHag^OSis. — Though  usually  the  diagnosis  of  fracture  is  not  dif- 
ficult, it  happens  in  many  cases  that  the  skill  of  the  surgeon  is  taxed 
to  decide  as  to  the  existence  of  a  fracture,  its  location,  or  its  variety. 
The  diagnosis  should  be  txised  first  upon  the  history,  in  this  is  con- 
sidered the  question  of  predisposing  and  exciting  causes,  [Kirticular 
inquiry  being  made  as  to  the  character  uf  the  injury-.  The  syniptuni.** 
should  next  be  considered.  In  many  cases  the  discover)'  of  a  false  point 
of  motion  and  crepitus  cannot  be  made,  because  of  the  extreme  tender- 
ness or  strong  muscular  spasm.  These  obstacles  are  eliminated  under 
general  anesthesia.  To  elicit  these  symptoms  the  limb  should  be  finnly 
grasped  by  the  two  h;mds  close  together,  one  above  and  the  ullier 
below  the  presumt^d  point  of  fracture,  and  the  lower  fragment  moved 
upon  the  upper  by  transverse,  rotar>',  or  angular  motion.  When  a  frac- 
ture is  near  a  joint,  the  motion  of  the  joint  may  be  confused  with  the  false 
point  uf  motion.  By  fixing  the  head  of  the  bone  and  moving  the  other 
fragment  the  fracture  may  be  di.sco\'erL'tl.  True  bony  crepitus  should 
not  be  confused  with  intra-articular  grating  ^v^^  to  chnniic  roughness 
or  recent  injury  of  the  joint-surfaces,  or  with  the  crepitus  of  inflamed 
bursa:  or  tendon-sheaths.  Deformity  due  to  rupture  of  muscle  or  to 
local  efliision  of  serum  or  blood  following  injurv'  often  simulates  the 
appearance  of  fracture,  and  when  such  deformity  is  associated  with 
pain  and  tenderness  the  <liagni)sis  must  l>e  made  by  seeking  for  the 
bone-injur>'.  Although  pain  may  be  due  to  the  contusion,  still  when 
it  is  distinctly  and  narrowly  localized,  and  especially  when  manipula- 
tion at  a  distance  from  the  seat  of  injur)-  causes  pain  in  the  same 
narrow  area,  the  probability  of  the  presence  of  fracture  at  that  point 
is  vei>*  strong.     In  certain  fractures  these  peculiar  sj'mptoms  arc  not 
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>rc3ent  because  of  the  jnaccej^'tibility  of  the  seat  of  fracture.  This  is 
ihc  case,  for  example,  with  fracture  of  the  base  of  the  skulL 

In  the  dia^jnosis  of  fractures  a  knowledge  of  the  landmarks,  and 
especially  of  the  bony  prominences  about  the  joints,  is  of  great  impor- 
tance. The  presence  of  deformity  and  its  degree  may  be  determined 
by  compa.rison  of  the  injured  limb  with  the  sound  limb,  and  by  rneas* 
urement  of  the  bony  prominences  on  either  side  of  tlie  injury.  The 
rational  signs  are  determined  by  palpation  and  inspection.  By  apply- 
ing the  stelhoseope  firmly  over  the  injured  bone,  and  applying  percus- 
sion, the  percussion-note  will  be  distinctly  heard  so  long  as  there  is  no 
solution  of  the  continuity  of  the  bone  between  the  stethoscope  and  the 
point  of  percussion  ;  but  if  a  fracture  intervenes,  the  sound-wave  is  lost 
Finally,  a  shadow-picture  of  the  bone  may  be  obtained  by  means  of  the 
Rontgen  process. 

The  ht_-aling  of  fractures  is  discussed  elsewhere. 

Treatment. — The  treatment  of  fractures  is  ba-sed  upon  two  funda- 
mental principles — the  correction  of  the  deformity,  and  the  maintenance 
of  the  fragments  in  normal  apposition  until  consolidation  has  taken 
place. 

The  methods  of  replacing  the  fragments  in  their  natural  positions 
must  naturally  vary  much  with  the  location  and  character  of  the  fract- 
ure. In  many  fractures  there  is  little  or  no  displacement  whereas  in 
others  ihc  displacement  amounts  to  a  complete  separation  of  a  part  of 
the  bone  to  such  a  degree  as  to  cut  it  off  from  vital  connection  with 
the  rest  of  the  body.  Simple  fractures  of  the  leg  without  displacement 
are  often  changed  into  fracture-i  with  displacement,  or  even  into  com- 
pound fractures,  by  the  patient  attempting  to  use  the  leg  immediately 
after  the  accident.  It  Is  no  uncnirimnn  oeciirrencc  for  simple  fractures 
to  be  converted  into  fractures  of  the  compound  variety  h\'  a  shaqt  point 
or  edge  of  bone  penetrating  the  skin  during  the  manipulation  of  the 
limb  or  while  the  patient  is  being  transported.  It  is  therefore  impor- 
tant that  the  greatest  care  be  exercised  to  prevent  the  injury  from  being 
made  worse.  A  fractured  limb  should  be  kept  as  still  as  possible 
until  the  fractured  region  can  be  exposed.  Trou5H:rs-leg-'>.  drawers, 
shoes,  and  stockings  should  be  cut  off.  if  [heir  removal  otherwi.se  can- 
not be  accomplished  without  undue  moving  of  the  Injured  limb. 

In  the  case  of  a  complete  fracture  of  the  bones  of  the  leg  or  thigh, 
when  the  limb  is  moved,  it  should  be  supported  both  above  and  below 
the  seat  of  fnicture.  and  gras^ped  in  such  a  way  as  to  prevent  rotation 
as  well  as  angular  mollon.  W'lien  the  patient  is  to  be  moved  from  the 
seat  of  the  accident,  motion  of  the  fragment  may  lie  prevented  by 
extemporized  splints  of  board,  straw,  rolls  of  paper,  cloth,  twigs,  or 
the  injured  limb  may  be  bandaged  to  its  fellow  with  a  pillow  between. 
The  patient  should  be  carried,  if  possible  in  the  recumbent  position,  on 
a  litter.  The  subsequent  treatment  should  be  conducted  upon  a  hard 
bed — that  is.  a  bed  with  a  firm  mattress,  which  does  not  sag  \vith  the 
weight  of  the  bod>'.  To  accomplish  this,  boards  should  be  placed 
between  the  mattrcs.s  and  the  springs  of  the  bed. 

In  the  correction  of  the  deformity  or  the  setting  of  the  fracture  the 
force  should  be  applied  gently,  increasing  firmly  and  gradually,  not 
quickly  and  abruptly,  until  the  desired  result  is  secured.     When  there 
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is  simple  lateral  displacement,  the  limb  should  be  grasped  firmly  by  the 
left  hand  above  and  by  the  right  hand  below  the  fracture,  and,  as 
steadily  increasing  traction  is  applied,  the  lower  fragment  should  be 
slipped  over  into  place.  The  same  course  of  applying  extension  should 
be  pursued  in  correcting  fracture  with  overriding  and  with  rotary  dis- 
placement. When  the  muscular  resistance  to  the  correction  is  still 
greater,  an  assistant  should  make  counterextension  above,  and  steady 
3ie  leg  while  the  surgeon  with  both  hands  applies  traction  and  cor- 
recting manipulations.  Continued  marked  contraction  of  muscles,  pre- 
venting the  replacement  of  fractures,  may  be  overcome  by  tiring  out 
the  muscle  by  continuous  extension  secured  through  the  agency  of 
weights.  In  correcting  angular  displacement,  whether  the  fracture  be 
complete  or  of  the  green-stick  variety,  extension  should  be  employed 
at  the  same  time  with  the  lateral  force  which  overcomes  the  angulation. 
The  deformity  of  impacted  fracture  is  overcome  by  direct  extension. 

Ordinarily,  the  reduction  of  fractures  is  simple  and  satisfactory,  but 
there  are  certain  obstacles  which  may  intervene.  The  muscular  con- 
traction may  be  so  strong  that  it  resists  the  combined  efforts  of  surgeon 
and  assistant.  A  second  obstacle  to  correction  is  great  pain.  These 
two  symptoms  may  be  overcome  by  the  use  of  general  anesthesia. 
When  general  anesthesia  is  employed,  the  spHnt-material  should  be  at 
hand,  and  the  immobilization  of  the  bone  should  be  accompHshed 
while  the  patient  is  still  under  the  influence  of  the  anesthetic.  Tenotomy, 
or  the  subcutaneous  division  of  resisting  muscle,  may  be  employed  to 
facilitate  reduction.  A  third  obstacle  to  reduction  is  the  interposition 
between  the  bone-fragments  of  muscle,  clot,  periosteal  tissue,  loose 
fragments  of  bone,  or  a  foreign  body.  When  a  satisfactory  reduction 
cannot  be  effected  because  of  these  things,  the  seat  of  fracture  should 
be  exposed  and  the  obstacle  removed.  It  should  be  borne  in  mind, 
however,  that  if  no  infection  is  present,  none  of  these  obstacles,  with 
the  possible  exception  of  a  foreign  body,  will  actually  prevent  the 
osseous  union  of  the  fragments,  although  they  will  retard  it,  for  they 
are  all  capable  of  becoming  involved  in  the  callus  and  incorporated  in 
the  bone-tissue.  One  of  the  great  objections  to  their  presence  is  the 
fact  that  they  render  perfect  immobilization  more  difficult,  and  thus 
conduce  to  non-bony  union.  A  final  obstacle  to  correction  is  impac- 
tion, which  may  be  so  firm  that  it  can  be  overcome  only  by  great  force. 
When  this  is  the  case,  if  the  impaction  is  not  broken  up,  solid  bony 
union  is  assured;  but  the  surgeon  should  always  have  as  his  guide  in 
the  treatment  of  fractures  the  idea  of  the  restoration  of  the  parts  as 
nearly  as  possible  to  their  normal  state. 

The  reduction  of  fractures  should  be  attempted  as  soon  as  possible 
after  the  accident.  Every  hour's  delay  increases  the  firmness  of  the 
plastic  effusion  about  the  seat  of  the  fracture,  and  renders  reduction 
more  difficult.  If  a  fracture  with  overlapping  has  been  allowed  to  go 
uncorrected,  the  infiltration  with  exudate  of  the  surrounding  tissues  so 
destroys  their  elasticity  that  reduction  without  operation  may  be  impos- 
sible ;  nor  may  the  surgeon  expect  to  overcome  this  resistance  by 
general  anesthesia. 

Before  proceeding  further  with  the  treatment,  the  condition  of  the 
skin  should  be  looked  to.     Excoriations  should  be  covered  with  mild 
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antiscfttic  ointment  spread  upon  (Jr>'  gauze.  Serous  bicbs  should  be 
snipped  with  scissors  at  thdr  most  dependent  part,  and  fill  of  the  fluid 
evacuated.  The  cuticle  need  not  bo  removed,  but  should  be  covered 
with  a  bland  powder,  such  as  zinc  oxid,  and  a  few  layers  of  diy  gauze. 
The  surface  should  be  uvamineil  for  prominent  pnints  of  bone  beneath 
the  skin,  which  niif^ht  ixrnettate  and  render  the  fracture  compound.  If 
such  a  point  is  discovered,  further  manipulation  should  be  resorted  to 
with  the  view  of  securing  a  more  perfect  reduction.  When  this  cannot 
be  accomplished,  the  danger  may  be  lessened  by  applying  a  protecting 
pad  of  gauze.  Care  should  be  taken  that  the  compression  is  made 
not  directly  upon  the  threatening  point,  hut  over  the  nelp;hboniig  Wme 
with  which  it  is  connected.  No  encircling  bandage  should  ever  be 
applied  next  to  the  skin  beneath  a  splint,  unless  the  rest  of  the  limb 
beyond  is  completely  covered  by  bandage  e<iually  firm. 

The  immobilization  of  the  fragments  is  acannjilisliecl  by  one  of  the 
following  means:  By  position,  by  splints,  by  extension,  or  by  direct 
fixation.  In  certain  cases,  however,  tlie  <lefonnity  remains  corrected 
without  the  use  of  any  of  these  artificial  methods.  The  placing  of  the 
part.s  in  a  certain  po.^ition — as,  for  example,  the  use  of  the  double 
incUned  plane  in  fractures  of  the  leg,  or  the  dorsal  recumbent  position 
of  the  body  in  fractures  of  the  clavicle — often  suffices  to  retain  the 
bones  in  the  desired  apposition. 

Before  the  application  of  a  permanent  splint,  the  parts  to  be  covered 
should  be  cleansed  with  5.oap  and  water.  As  a  general  rule,  it  is  well 
to  immobilize  the  joints  immedi.itely  above  and  below  the  fracture.  The 
greatest  care  should  be  Kiken  to  avoid  local  pressure  by  the  splint- 
apparatus.  Pressure  should  be  evenly  distributed.  Prominent  point.<« 
which  may  receive  undue  pressure  from  the  splint  should  be  thickly 
covered  with  soft  padding.  A  splint  which  has  been  properly  applied 
should  give  to  the  patient  a  feeling  of  comfort  ixwX  support  to  the  part. 
The  [lersistent  continuance  of  pain  means  that  something  is  wrong,  and 
the  splint  should  be  removed. 

Of  the  materials  used  for  splints,  the  most  valuable  is  plaster  of  Paris, 
the  introduction  of  which  has  marked  an  era  in  the  treatment  of  fract- 
ures. In  most  cases  it  is  best  employed  in  the  form  of  the  plaster 
ban(.lage.  This  consists  of  a  roller  bandage  of  coarsc-mcshcd  cotton 
cloth,  in  the  meshes  of  which  dry  phister  is  held.  These  bandages  arc 
made  by  drawing  the  strip  o^  bandage  thriiuijh  the  plaster,  and  loosely 
winding  it.  so  that  when  the  bandage  is  comph'lely  rolled  there  is  a  rich 
amount  of  plaster  between  its  folds  and  held  within  the  meshes  of  the 
fabric.  These  bandages  may  be  made  in  any  width,  but  preferably  from 
2  to  4  inches  (5  to  10  cm.),  Plaster  of  Paris  absorbs  water  from  the 
atmosphere  in  the  course  nf  time,  an<l  when  slightly  hydratcd  in  this 
way  floes  not  harden  well.  L^nless  tlic  plaster  has  been  protected  from 
the  air  by  keeping  in  a  tightly  -iralcd  recqrtacle,  it  should  be  sub- 
jected to  dr>'  heat  before  using.  When  the  bandages  arc  kept  already 
made  up.  they  may  be  dehydrated  by  placing  them  in  the  dry  heat  of 
an  ordinary'  kitchen  oven  W'hen  ready  for  use  the  roller  bandage 
should  be  put  in  sufficient  water  to  cover  it,  the  blindage  standing  on 
'end  to  allow  the  luibblcs  of  air  to  escape.  After  having  become 
thoroughly  hydrated.  the  excess  of  water  should  be  s()ueezcd  out« 
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the  ends  of  the  bandage  being  covered  by  the  hands  to  prevent  the 
escape  of  the  plaster.  It  is  usually  desirable  that  the  plaster  harden 
as  quickly  as  possible.  To  facilitate  this,  hot  water  to  which  salt  has 
been  added,  an  ounce  to  the  quart  of  water,  should  be  used. 

Before  applying  the  plaster  bandage,  the  skin  should  be  smoothly 
and  evenly  covered  with  cotton  wadding  or  flannel  bandage.  If  the 
person  applying  the  plaster  is  skilled  in  its  use,  the  best  covering  for  a 
limb  is  a  seamless  white  cotton  stocking,  upon  which  the  plaster  may 
be  directly  applied.  In  the  case  of  an  ordinary  fracture  of  both  bones 
of  the  leg,  the  skin  having  been  cleansed  and  covered,  the  patient 
should  be  placed  upon  a  narrow  table  ;  the  assistant,  standing  on  the 
side  opposite  the  surgeon,  grasps  the  foot  firmly  in  his  right  hand,  while 
the  left  hand  supports  the  leg  at  a  point  just  above  the  seat  of  fracture. 
The  desired  position  having  been  secured,  a  plaster  bandage  4  inches 
(10  cm.)  wide  is  applied  about  the  leg  at  the  seat  of  fracture,  gradually 
extending  above  and  below  as  far  as  the  knee-  and  ankle-joint.  A  nar- 
rower bandage  may  then  be  appUed  to  the  foot  and  ankle,  and  extend- 
ing up  over  the  fracture.  This  should  be  followed  by  a  wide  bandage 
involving  the  leg  and  extending  up  over  the  knee.  After  this  the 
bandages  may  be  continued  until  the  desired  thickness  has  been 
secured.  By  applying  some  long  spiral  turns  or  a  few  longitudinal 
strips,  and  by  rubbing  well  together  the  layers  as  they  are  applied,  the 
degree  of  firmness  of  the  splint  may  be  much  increased  and  the  amount 
of  material  required  diminished.  The  greatest  care  should  be  taken 
that  the  pressure  made  by  the  dressing  is  even.  The  bandage  should 
always  be  applied  perfectly  flat,  and  not  with  one  edge  drawn  more 
tightly  than  the  other.  The  splint  may  be  strengthened  by  incorpo- 
rating in  it  strips  of  wood-shavings,  wooden  splints,  or  strips  of  wire 
gauze  or  thin  metal. 

A  substitute  for  plaster  of  Paris  is  silicate  of  soda.  Bandages 
impregnated  with  a  solution  of  this  material,  after  they  are  once  hard- 
ened, are  not  softened  by  moisture.  The  disadvantage  is  that  it  makes 
a  less  firm  dressing  than  the  plaster.  When  it  is  desired  to  render  a 
plaster  splint  impervious  to  water,  it  may  be  coated  with  a  solution  of 
silicate  of  soda  or  with  varnish. 

Moulded  splints  are  made  of  soft  materials  which  harden  after 
having  been  pressed  against  the  part  and  made  to  conform  to  the 
desired  shape.  For  this  purpose  several  layers  of  fabric,  cut  to  the 
desired  length  and  width,  and  impregnated  with  a  solution  of  plaster 
of  Paris  while  in  a  pliable  state,  are  pressed  against  the  limb  and  held 
in  place  by  a  bandage  or  by  straps.  Papier-mache  and  felt  are  also  used 
in  this  manner.  Splints  of  this  sort  are  usually  made  in  the  form  of  a 
gutter,  so  that  they  may  be  removed  at  pleasure.  The  complete  plas- 
ter-bandage envelope  may  also  be  converted  into  a  removable  or  a 
gutter-splint  by  cutting  it  into  two  parts  by  means  of  an  anterior  and  a 
posterior  incision  or  by  lateral  incisions.  One  or  both  of  these  parts 
may  be  used ;  or  they  may  be  united,  corset-like,  by  laces  and  hooks. 

Non-plastic  splints  arc  made  of  wood  and  metals.  Of  the  former  are 
the  thin  elastic  strips  of  soft  wood,  called  coaptation-splints,  and  the 
heavier  straight  splints.  The  fracture-box,  which  used  to  figure  promi- 
nently in  surgery,  has  quite  gone  out  of  use.     A  great  variety  of  metal- 
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lie  splints  are  made  for  the  special  fractures ;  but  phistcr  of  Paris  can  be 
used  in  the  place  of  most  of  these.  The  anibulatorj'  splint  for  the 
treatment  of  fractures  of  the  lower  extremity  is  described  elsewhere. 

When  the  tendency  to  overriding  of  the  fragments  is  persistent,  the 
application  of  |>ennanent  extension  becomes  necessar>-.  This  is  accom- 
plished by  attacliing  a  weight  to  the  extremity,  by  clastic  extension,  or 
by  using  the  weight  of  the  limb  itself  to  overcome  the  defnrmily.  The 
methods  of  applying  extension  will  be  described  in  treating  of  the 
special  fractures. 

In  certain  cases,  despite  the  best  efforts,  tlic  fragments  cannot  be 
made  to  remain  in  satisfactorj'  apposition.  When  all  other  resources 
have  failed,  the  well-equipped  surgeon  is  justified  in  exposing  the  seat 
of  fracture  and  applying  such  local  treatment  as  the  conditions  require. 
The  incision  of  operation  often  libciates  an  amount  of  blood  and  scrum, 
the  presence  of  which  has  beLM\  an  obstacle  to  reduction.  The  removal 
of  soft  tissues  which  have  fallen  between  the  bone-ends  can  then  be 
accomplished.  Often  nothing  further  is  required.  But  when  the  sur- 
geon feels  that  neitlier  splints  nor  extension  will  suffice  to  huld  the 
fragments  in  place,  he  should  proceed  to  the  direct  fixation  of  the  bone- 
ends.     Direct  suturing  or  binding  of  the  bone-ends  by  means  of  wire, 


Fir  319,— f'nciure  of  libia  immnhiliud  by  els mp'nnd -screw  app«mu«  (T^trhliiU), 


.silkworm-gut,  or  chromicizt-d  gut  is  often  indicated.  Nails  and  pegs 
of  bone,  ivory,  or  metal  may  be  used ;  or  bone  or  metallic  plates,  or 
bone  ferrules  or  cylinders;  or  external  metal  plates  controlling  the 
deeper  bone  fragments  by  long  screws,  as  in  the  method  of  ParkhiU 
(Fig.  219). 

Bircher  has  introduced  a  cylinder  of  ivory  into  the  medullary  canal 
for  the  purpose  of  preventing  lateral  displacement ;  and  with  the  same 
view,  Senn  has  used  a  hntldw  perforated  bone-cylindcr.  Scnn  has 
advocated  the  use  of  ferrules  made  from  the  tibia  and  femur  of  the  t>x 
for  holding  oblique  fractures  in  position.  The  overlying  wound  Is 
closed  and  the  forci^jn  material  allowed  to  heal  in.  When  metals  are 
used,  they  mny  \x  exposed  and  removed  at  a  later  oijcratlon.  In  the 
case  of  simple  wire  sutures,  the  ends  may  be  left  long  enough  to  pro- 
ject through  the  wound,  which  is  closed  throughout  and  covered  by 
copious  dressings.  With  the  ends  as  a  jjuide,  the  wire  may  be  cut  and 
easily  removed  after  it  has  served  its  purpo.se. 

In  dealing  with  comminuted  fractures  with  irreducible  displacement, 
after  extension,  manipulation,  anesthesia,  and  tenotomy  have  failed,  the 
.«Lamc  general  principles,  staled  above,  apply.  Here  the  surgeon  often 
has  to  do  with  loose  fragments  of  bone  which  have  become  entirely 
separated,  and  often  so  displaced  as  to  form  the  chief  impediment  to 
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reduction.  Such  fragments  should  usually  be  removed.  If  replaced 
and  allowed  to  remain,  their  tendency  is  to  become  exfoliated,  though 
this  tendency  is  being  overcome  by  the  perfection  of  surgical  technic. 
After  the  removal  of  a  large  fragment  of  bone  from  the  leg  or  fore- 
arm, the  parallel  bone  prevents  the  bone-ends  coming  together.  In 
such  case  an  equal  amount  may  be  resected  from  the  sound  bone,  if 
the  amount  of  bone  required  to  be  removed  is  not  so  great  as  to 
destroy  the  usefulness  of  the  muscles.  When  the  gap  is  too  great  to  be 
thus  treated,  it  may  be  filled  with  bone  from  a  foreign  source,  or  treated 
by  an  osteoplastic  lengthening  of  the  injured  bone. 

The  involvement  of  a  joint  by  a  fracture  adds  another  element  of 
importance.  As  a  result  of  the  injury  to  the  joint,  there  is  an  intra- 
articular effusion  of  blood  and  serum,  and  the  traumatic  reaction  about 
the  line  of  fracture  causes  the  formation  of  plastic  exudate  upon  the 
synovial  surface.  For  this  reason,  ankylosis,  due  to  the  adhesions  of 
the  new-formed  plastic  exudate  to  the  opposing  synovial  surface,  is 
prone  to  develop  when  the  joint  is  kept  immobilized  for  any  con- 
siderable time.  Moreover,  motion  of  the  joint  immediately  after  the 
injury  increases  the  amount  of  exudate  and  effusion,  and  thus 
increases  the  liability  to  ankylosis.  The  guiding  principle,  there- 
fore, in  the  treatment  of  such  fractures,  is  immediate  and  complete 
immobilization,  and  thereafter,  carefully  applied  passive  motion  as 
soon  as  the  traumatic  reaction  has  subsided,  and  the  consolidation 
of  the  fracture  has  become  sufficiently  advanced  to  hold  the 
fragments  securely  together.  The  early  application  of  the  ice-bag 
will  diminish  the  effusion  of  fluid  into  the  joint.  Evenly  applied  press- 
ure by  means  of  a  flannel  bandage  has  the  same  eflfect,  but  is  less 
desirable  during  the  first  few  days.  Later,  at  the  end  of  one  or  two 
weeks,  when  the  acute  reaction  has  subsided,  massage,  heat,  and  press- 
ure will  hasten  the  removal  of  the  effused  fluid.  If  the  amount  of 
fluid  is  very  great,  or  if  these  methods  fail  to  cause  its  absorption,  the 
joint  must  beaspirated.  or  incised  and  cleaned  out  if  the  distention  is 
due  to  blood-clot.  When  immobilizing  such  a  joint,  the  surgeon  should 
always  have  in  mind  the  possibility  of  the  danger  of  ankylosis ;  and» 
when  consistent  with  the  treatment  of  the  fracture  itself,  he  should  place 
the  joint  in  such  a  position  as  shall  render  the  limb  the  most  useful 
should  this  untoward  result  occur.  Ankylosis  should  later  be  over- 
come by  carefully  applied  passive  motion. 

The  treatment  of  compound  fractures  is  based  upon  the  same 
principles  as  govern  the  treatment  of  wounds,  plus  the  principles- 
which  have  already  been  laid  down  for  the  treatment  of  fractures. 
Some  of  the  salient  points  of  these  two  conditions  may  be  briefly 
mentioned.  If  a  temporary  dressing  is  to  be  applied,  the  wound  should 
be  irrigated  by  introducing  between  its  lips  an  irrigating  point  and 
washing  it  out  with  a  i  :  2000  sublimate  or  other  antiseptic  solution. 
Over  this  should  be  placed  a  copious  moist  dressing  of  gauze  wrung 
out  in  the  same  solution,  followed  by  the  temporary  .splint.  After 
the  patient  has  been  removed  to  the  place  for  further  treatment 
— preferably  the  hospital  operating-room — and  placed  upon  the  table, 
the  region  about  the  wound  should  be  exposed  widely.  In  the  more 
severe  cases  requiring  considerable  manipulation,  it  is  best  to  administer 
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a  general  anesthetic  before  the  temporary  splint  is  removed.  If  the 
fracture  is  one  of  the  leg,  it  should  be  rested  upon  a  sand-bag,  which 
can  be  made  to  conform  in  shape  to  the  posterior  contour  of  the  limb. 
The  !>urroundini;f  field  sljould  be  covered  with  sterilized  towels,  A  bit 
of  gau/e  should  be  held  -lyaiiist  the  wound  while  the  whole  leg  is 
thoroughly  scrubbed  with  soap  and  water,  shaved,  and,  especially  the 
region  just  about  the  wound,  cleansed  with  ether  and  a  I  ;  lOOO 
solution  of  sublimate.  The  wound  should  again  be  thoroughly  irri- 
gated uiih  antiseptic  solution,  and  its  extent  and  the  character  of  the 
fracture  explored. 

If  the  injurv'  to  the  soft  [>arts  is  but  slij^ht,  the  displacement  of 
bone  inconsiderable,  and  the  amount  of  hemorrhage  and  effusion  small, 
the  wound  may  be  partly  sutured,  leaving  always  a  liberal  ojjening  for 
drainage.  Into  (his  may  be  introduced  a  strip  of  sterilized  gauze,  and 
the  whole  covered  with  a  moist  sterile  gauze  compress.  In  no  case  is 
it  recommended  10  seal  the  wound  of  a  compound  fracture  hermetically. 

Should  the  exiunination  show  that  tJiere  Is  considerable  injury  to  the 
soft  tissues,  irreducible  displacement,  nr  the  presence  of  foreign  matter, 
the  surgeon  should  freely  enlarge  the  wound,  or  make  such  new  wounds 
as  shall  give  the  best  access  to  the  seat  of  tnjur>'.  There  should  be  no 
timidity  in  multiplying  the  number  of  longitudinal  wounds,  for  in  these 
cases  abundant  provision  for  drainage  is  most  desirable.  It  often 
becomes  necessary  to  repair  ruptured  muscles,  tendons,  and  nerves,  or 
to  ligate  blood-vessels.  .*\ll  foreign  material  should  be  removed  with 
most  scrupulous  exactness,  frayeil  ami  damaged  bits  of  fascia  and  muscle 
should  be  cut  away,  and  loose  fragments  of  bone  should  ho  removed, 
the  bone  being  dealt  with,  if  necessary,  by  the  methods  of  direct 
fixation  described  above.  In  closing  the  wounds,  the  provisions  for 
drainage  should  be  abundant.  It  is  well  in  these  more  severe  cases  to 
apply  a  large  absorbent  dressing,  and  imrnnbilizc  the  bone  by  a  tem- 
porary splint.  At  tlie  end  of  four  or  six  day^ — 'ioi>ner  or  later,  varj'ing 
with  the  degree  of  the  |KUieiit's  icniperature  anti  other  signs — this 
splint  should  be  removed  and  the  wound  dressed.  Drainage-tul)es 
should  be  irrigated  through  and  through  to  insure  their  patency,  and 
gauze  drains  should  be  renewed  or  removed.  .  From  this  time  on  the 
surgeon  should  lie  guided  in  the  dts]K:nsing  with  drainage,  in  the 
shortening  of  drains,  in  the  instituting  of  new  drainage,  in  the  applica- 
tion of  SL'Conilary  sutures,  ami  in  the  management  of  the  wound  by 
the  general  principles  for  the  treatment  of  wounds. 

At  as  early  a  stage  as  possible  a  permanent  splint  should  he  applied, 
with  suitable  provision  for  dressing  the  wound  without  rcmonng  the 
splint.  .\  small  dry  dressing,  (juadrilaicral  in  shape,  having  been 
applied,  and  the  dressing  covered  with  llu-  impervious  oiled  muslin  of 
Uk  sIiii]»s,  the  plaster  bandage  should  be  pul  on  over  all.  Before  the 
plaster  has  become  thoroughly  hardened,  a  fenesirum,  outlining  the 
dressing,  should  be  cut.  The  oiled  muslin  should  then  be  cut  through 
and  reflected  back  over  the  four  edges  of  the  fencstrum  in  such  a  way 
as  to  prevent  the  moisture  of  the  dressings  softening  the  plaster. 

If  more  than  one  fencstrum  is  requiretl,  or  if  the  fene^trum  must 
involve  more  than  lialf  of  the  circumference  of  the  splint,  it  should  be 
strengthened  by  incorporating  into  it  a  strip  of  basswood  or  a  metal 
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bar.  The  same  end  can  be  accomplished  by  introducing  an  iron  bar 
which  passes  down  as  far  as  the  fenestrum  and  then  leaves  the  plaster 
bandage  and  curves  over  the  opening  to  re-enter  it  below. 

Three  conditions  arising  in  compound  fractures  justify  immediate 
amputation :  fi)  injury  to  the  blood-vessels  so  great  as  to  cause  the 
death  of  the  part;  (2)  uncontrollable  suppuration,  and  (3)  wide  loss  of 
bone  substance.  It  is  often  evident  at  the  first  examination  that  the 
injury  to  the  vessels  has  been  so  great  that  the  parts  below  the  wound 
must  become  gangrenous.  In  such  cases  the  extremity  is  found  to  be 
cold  and  to  present  a  gradually  increasing  livid  color.  The  main  ves- 
sels may  be  found  to  be  divided  or  thrombosed.  Pressure  upon  the  skin 
or  nails  does  not  show  the  return  of  blood  into  the  capillaries  of  the 
area  from  which  it  was  expressed.  In  such  cases  amputation  should 
be  done.  On  the  other  hand,  examination  may  show  the  extremity 
to  be  cold  and  the  main  vessel  pulseless,  but  if  all  the  signs  of  death 
of  the  part  are  not  present,  the  surgeon  should  endeavor  to  save  the 
limb,  inflicting,  as  he  proceeds  with  the  examination  and  dressing,  the 
least  possible  traumatism,  and,  finally,  applying  the  bandages  as  loosely 
as  possible.  In  all  cases  an  effort  should  be  made  to  preserve  the 
extremity,  unless  it  is  unquestionably  beyond  saving.  Nor  even  then 
is  immediate  amputation  always  called  for.  If  the  patient  is  suffering 
from  shock,  extreme  depression,  or  anemia,  or  if  other  conditions  are 
present  which  render  the  continuation  of  operative  procedure  extra- 
hazardous, the  parts  should  be  thoroughly  cleansed,  hemostasis 
secured,  a  large,  moist,  antiseptic  dressing  applied,  and  further  opera- 
tion deferred.  If  circular  compression  is  used  to  control  the  hemor- 
rhage previous  to  amputation,  it  should  be  applied  as  low  down  as 
possible,  preferably  directly  over  the  wounds,  as  the  vitality  of  the 
tissues  below  the  pressure  is  greatly  impaired,  and  flaps  involving  such 
tissue  are  prone  to  slough. 

When  in  a  compound  fracture,  notwith.standing  free  and  wide  inci- 
sions, abundant  drainage,  and  irrigation,  because  of  some  constitutional 
or  local  condition,  uncontrollable  suppuration  persists,  and  septicemia 
threatens  the  life  of  the  patient,  amputation  well  above  the  suppurating 
area  should  be  performed.  The  same  operation  is  necessary  when, 
through  local  disturbance  to  the  blood-supply,  suppuration  causes  a 
gangrene  of  the  extremity.  Amputation  is  also  indicated  in  cases  in 
which  there  is  so  much  destruction  of  bone  that,  in  order  to  bring  the 
bone-ends  together,  the  limb  must  be  shortened  to  such  a  degree  and 
the  soft  tissue  so  folded  as  either  to  render  the  limb  less  useful  than  an 
artificial  substitute,  or  to  give  rise  to  gangrene  because  of  obstruction 
to  the  circulation  through  angulation  of  the  vessels.  In  cases  such  as 
this  an  effort  should  be  made  to  save  the  limb  by  means  of  an  osteo- 
plastic operation  or  by  the  transplantation  of  bone  to  fill  the  defect. 
Among  the  greatest  triumphs  of  modern  surgerj'  is  the  saving  of  limbs 
which  are  the  seat  of  a  compound  fracture. 

Although  every  effort  should  be  made  in  tiie  line  of  conservative 
surgery*,  still  there  is  a  fourth  class  of  cases  in  which  amputation  is 
indicated.  These  arc  the  cases  in  which,  in  order  to  preserve  the  limb, 
a  very  long  and  trying  period  of  treatment  must  elapse,  with  continu- 
ous suppuration  and  confinement,  all  of  which  must  have  a  depressing 
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the   health  of  the   patient,  and 


I  in  securing  only  an 
iiiiperfeet  Jinib.  Tfie  age.  sex,  ;iik1  •iccufKitinij  of  the  patient,  the  loca- 
tion of  the  injury,  iind  the  adajitabihty  iif  pnisthclic  .ippanitiis  to  the 
particular  part,  should  be  taken  into  cnnsideration  ;  and,  finally,  with  a 
full  understanding  of  the  case,  the  patient  himself  may  be  called 
upon  to  elect  the  course  which  shall  be  followed. 

CompUcatioxis. — By  the  complications  of  fracture  arc  understood 
the  less  characteristic  symptoms,  (»r  the  rarer  conditions  winch  may 
arise,  but  which  do  not  occur  with  sufficient  frajucncy  to  In:  regarded 
as  sympti>ni'^. 

Immediate  Complications. — Comminution.  imi>action,  and  disloca- 
tion may  be  mentioned  as  complications.  Injuries  to  the  soft  parts — 
muscles,  viscera,  vessels,  and  ncr^■es — often  demand  special  treatment. 
Lacerated  muscle  often  requires  suturinjj;  piilpified  nuiscle  should  be 
cut  away.  Injuries  to  [he  viscera,  siicli  a.s  the  brain  in  fractures  of  the 
skull,  and  tlic  bladder  in  fractures  of  the  [>clvis,  are  dealt  with  accord- 
ing t"  rules  laid  down  elsewhere.  E-ai^c  blood-vessels  are  frequently 
lacerated  either  by  the  force  which  causes  the  fracture  or  by  a  .sharp 
edge  of  bone  from  within.  Sucli  laceration  may  give  rise  to  an  exten- 
sive effusion  of  blood  into  the  tissues,  showing  itself  in  the  form  of 
swelling  and  discutoration  or  localiiced  hematoma.  If  the  swelling  is 
considerable,  or  if  tlie  pressure  from  the  cxtravasated  blood  is  so  great 
as  to  hinder  the  circulation  materially  i[i  the  limli  beyond,  the  vessel 
should  be  exposed  and  the  bleeding  point  ligated.  Traumatic  aneurysm 
and  aneurj'smal  varix  are  thus  sometimes  a.ssociated  with  fracture*. 
Laceration  of  lymphatic  trunks  causes  a  localized  lymph-edema  which 
may  require  surjjical  treatment.  The  pressure  of  displaced  bone 
against  the  vessels  may  impede  the  circulation  to  such  a  degree  as  to 
threaten  gangrene.  Injury  tn  the  nerves  at  the  lime  of  fracture  is  no 
uncommon  complication.  It  may  be  in  the  form  of  laccnition,  com- 
pression, or  stretching  of  the  nen.'e.  All  of  these  are  accompanied 
with  pain  and  more  or  less  disturbance  in  the  parts  beyond.  If  paral- 
ysis is  present,  and  the  traumatism  has  been  great  enough  to  have 
caused  laceration,  though  the  examination  shows  no  evidences  of  press- 
ure as  a  cause  of  the  paralysis,  the  surgeon  is  justified  in  exposing  the 
nerve  with  the  view  of  discovering  the  character  of  its  injury,  and 
suturing  the  ends  if  laceration  is  discovered. 

Mediate  Complications. — The  mediate  or  later  complications  are 
those  which  maj'  come  on  any  time  during  the  process  of  healing. 
They  constitute  a  large  catalogue  of  widely  different  conditions. 

The  pressure  from  the  effusion  of  scrum  may  be  so  great  as  to  ob- 
struct the  circulation  to  such  a  degree  that  gangrene  of  the  parts  beyond 
is  threatened.  Such  extreme  swelling  may  be  relieved  by  multiple 
longitudinal  incisions,  allowing  the  serum  to  escape,  followed  by  eleva- 
tion of  the  limb.  After  a  limb  has  been  bandaged  for  a  long  time, 
edema  is  ob.scrved  on  the  removal  of  the  bandage  because  of  the  vaso- 
motor paralysis.  The  vessels  gradually  regain  their  tone,  however, 
and  the  swelling  subsides.  L'sually  the  edema  due  to  fracture  does 
not  call  for  any  special  treatment.  The  firmly  and  evenly  applied 
bandage  from  the  toes  or  fingers  up  usually  suffices  to  control  the 
swelling.     The  sooner  and  the  more  firmly  a  fracture  is  immobilized, 
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the  less  will  be  the  swelling.  This  is  a  rule  which  the  surgeon  should 
always  have  in  mind. 

Inflammatory  swelling  is  amenable  to  the  treatment  described  else- 
where. Ulceration,  sloughing,  and  gangrene,  due  to  the  constriction 
of  bandages  or  pressure  of  splints,  are  dangers  always  to  be  guarded 
against.  Dressing  materials  should  never  be  wound  circularly  about 
a  limb,  but  should  be  applied  lightly  in  folds  or  longitudinally.  The 
bandage  which  holds  the  dressings  should  never  be  tighter  than  the 
flannel  bandage  beyond.  The  tips  of  the  fingers  and  toes  should 
always  be  left  exposed,  in  order  that  the  condition  of  their  circulation 
may  be  observed.  It  should  always  be  borne  in  mind  that  the  shock 
which  a  fractured  limb  has  received  has  diminished  its  vitality.  Patients 
sufiering  with  diabetes  are  especially  liable  to  gangrene  following  fract- 
ure, as  arc  those  with  atheromatous  vessels  and  cardiac  disease.  When 
gangrene  appears,  the  surgeon  should  determine  its  cause ;  and  when 
this  is  not  removable,  the  further  treatment  must  depend  upon  the 
absence  or  presence  of  infection.  Thrombosis  occurring  in  a  large 
vascular  trunk,  as  the  result  either  of  traumatism  to  the  inner  coat  of 
the  vessel  or  of  inflammation  extending  thereto,  is  a  prolific  cause  of 
gangrene.  Thrombosis  occurring  in  a  vein  may  be  the  cause  of  edema 
or  of  gangrene. 

Fat-embolism  is  a  condition  peculiar  to  fractures,  and  comes  on  about 
the  third  day.  It  is  due  to  the  liberation  of  fat  from  the  medulla  of 
the  broken  bone,  its  entrance  into  the  torn  veins,  and  its  transmis- 
sion through  the  circulation  to  the  various  organs  of  the  body.  Ag- 
gregations of  globules  of  fat  are  found  plugging  capillaries  of  the 
lungs,  brain,  kidneys,  and  other  organs.  So  long  as  the  infarctions 
thus  produced  are  not  infective,  or  do  not  shut  off  the  blood-supply 
from  any  considerable  part  of  a  vital  organ,  as  is  usually  the  case,  the 
occurrence  is  of  little  moment.  Rarely,  however,  a  cerebral  vessel  of 
considerable  size  or  a  large  number  of  smaller  vessels  thus  become 
obstructed,  and  the  patient  dies  usually  about  the  fourth  day.  It  is 
probable  that  in  every  fracture  some  fat  enters  the  circulation.  The 
cases  with  severe  comminution  are  those  in  which  the  condition  is 
most  apt  to  be  of  a  serious  character.  Dyspnea,  Cheyne- Stokes  res- 
piration, and  tlic  signs  of  cerebral  embolism  have  been  observed  in 
these  cases.  Blood-embolism  originates  bj'  a  thrombus  being  swept 
loose  from  a  vein  at  the  seat  of  fracture,  carried  to  the  heart,  and 
thence  thrown  into  the  pulmonary  circulation.  In  the  cases  in  which 
this  accident  has  occurred,  the  first  sign  was  the  sudden  appearance  of 
extreme  dyspnea  about  the  third  week  after  the  injury.  When  the 
embolus  has  been  large  enough  to  plug  a  pulmonary  trunk  of  con- 
siderable size,  the  patient  has  died  a  few  moments  after  the  attack 
began. 

Muscular  spasm,  which  has  already  been  spoken  of  among  the 
symptoms  of  fracture,  often  persists  during  the  period  of  treatment, 
and  requires  to  be  overcome  by  constant  traction  or  some  of  the 
methods  described  above.  Other  complications  are  acute  osteomye- 
litis and  suppurative  osteitis.  Necrosis  of  houe  is  a  common  compli- 
cation in  compound  fractures.  This  is  often  manifested  in  the  form 
of  a  superficial  exfoliation  of  thin  plates  or  spicules  of  bone.     Two 
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conditions  usually  contribute  to  this — dcimdalion  of  the  bone  of  ])eri- 
osteum,  and  tlic  presence  of  suppuration.  Soinetinies  the  necrosis 
involves  the  whole  thickness  of  the  bone;  often  the  two  ends  of  the 
fragments  become  exfoliated.  When  it  is  evident  to  the  surgeon,  from 
the  white  appearance  of  an  area  of  bone,  from  its  failure  to  give  rise  to 
granulation-tissue  or  to  become  attached  to  the  surrounding  structures, 
that  a  particular  jjart  of  ihc  bone  has  becotitc  devitaUzcd,  he  may  know 
that  the  wound  wliich  is  connected  with  it  will  continue  to  discharge 
until  the  dead  portion  has  become  exfoliated  by  the  slow  natural  proc- 
esses or  until  it  has  been  removed  by  artificial  means.  In  order  to 
hasten  the  healing  in  such  cases,  the  diseased  bone  may  be  chiselled 
or  sawed  away  until  healthy  bone,  as  evidenced  by  the  color  or  by  the 
bleeding,  is  exposed. 

Stijfttt'ss  of  Joints  occurs  as  a  result  of  prolonged  immobilization, 
involvement  of  the  joint  in  the  fracture,  or  from  exlra-articular  mechan- 
ical cau.ses.  Tlie  time  required  for  a  joint  to  regain  its  .suppleness 
after  prolonged  immnhilization  varies  greatly  with  different  circum- 
stances. Al  the  best  it  is  always  a  matter  of  considerable  lime,  and  is 
greatly  delayed  in  the  case  of  old  and  rheumatic  persons.  J'hc  gen- 
eral rule  of  liberating  joints  from  coniinenient  by  shortening  or  remov- 
ing splints  as  soon  as  possible  should  be  followed.  Grdduatly  applied 
passive  and  active  motion  should  be  instituted  in  all  cases  as  early  as 
the  other  conditions  will  jiermit.  In  this,  massage  is  a  most  valuable 
measure,  Atrofyhy  of  the  Hmh  occurs  in  all  fractures  involving  thejw: 
members,  chiefly  as  the  rcT^ult  of  disu.ie.  I'Vom  this  cause  it  tiften 
happens  that  a  plaster  bandage  which  at  first  wa.s  snug  becomes  so 
loose  that  it  is  no  longer  adequate  for  the  j>crfeci  immobilization  of  the 
limb.  The  atrophy  involves  not  only  the  muscular  tissue,  but  the  con- 
nective tissue  as  we)I;and  the  diminution  in  the  blood-supply,  and  hence 
the  lessened  amount  of  fluid  in  the  limb,  makes  the  atrophy  seem 
even  more  pninnunccd.  When  the  limb  is  again  brought  into  use. 
the  atrophy  gradually  disappears.  The  affected  tissue  may  be  more 
quickly  restored  to  its  normal  condition  by  the  application  of  ma.*i- 
sagc.  Pain  about  the  seat  of  fracture  or  along  the  distribution  of  a 
nerve  may  be  a  continuation  of  that  symptom,  or  it  may  be  due  to  the 
involvement  of  a  ner\'e  in  callus  or  in  intlammalor)'  exudate,  or  to  the 
pressure  from  some  of  the  above -described  pressure-producing  condi- 
tions. Paralysis  of  muscles  below  the  fracture  is  due  to  the  same  causes. 
The  treatment  con.si.sts  in  relieving  the  ncr\c  from  pressure.  Often 
this  can  be  accomplished  only  by  cutting  down  upon  the  nerve  and 
freeing  it  froni  the  compressing  tissue,  or  by  removing  the  bony  promi- 
nence which  may  be  pressing  against  it. 

Excessizrf  callus  or  excessive  ne^v  eonnectriv-tissuc  deposit  is  a  condi- 
tion resulting  from  imjierfect  immobilization  or  severe  comminution. 
It  is  often  found  about  the  femur  and  humerus,  because  of  the  difficult)* 
in  thoroughly  immobilizing  these  bones.  It  is  brought  about  by  the 
repeated  breaking  and  straining  of  the  newly  formed  circulatory  chan- 
nels. A.*s  a  result  of  the.se  traumatisms,  new  pla.stic  material  is  poured 
out,  and  the  surrounding  muscles,  and  even  tendon-sheaths,  nerves, 
and  vessels,  become  infiltrated  with  young  connective-tissue  cells.  The 
swelling  and  induration  thus  produced  often  give  rise  to  the  suspicion 
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of  malignant  tumor  developing  at  the  seat  of  fracture,  and  microscopic 
examination  of  such  tissue  requires  very  careful  study  to  differentiate 
it  from  certain  forms  of  small  round-cell  sarcoma.  The  healing  of  a 
fracture  of  the  femur,  for  example,  may  have  progressed  to  a  state  of 
apparently  satisfactory  consolidation ;  the  patient  is  allowed  to  use  the 
limb  prematurely ;  he  complains  suddenly  of  pain  and  a  feeling  of 
weakness  in  the  affected  part ;  swelling  about  the  callus  begins,  and 
in  the  course  of  a  few  days  the  callus  seems  to  have  become  greatly 
enlarged.  This  is  the  picture  of  re-fracture  or  giving  way  of  a  poorly 
consolidated  callus,  with  the  subsequent  pouring  out  of  an  excessive 
or  compensatory  plastic  exudate.  Here  again  the  statement  may  be 
made  that  the  more  perfect  the  immobilization  of  a  fracture  and  the 
sooner  immobilization  is  applied,  the  less  will  be  the  swelling. 

Certain  morbid  growths  appearing  at  the  seat  of  fracture  may  be 
classed  as  complications,  although  usually  such  developments  take 
place  after  full  consolidation  has  been  reached.  It  has  been  shown 
that  sarcoma  of  bone  frequently  has  its  beginning  at  the  seat  of  an 
old  or  recent  fracture.  Arthritis  and  iendosynovitis,  either  traumatic  or 
infective  in  origin,  are  to  be  classed  among  the  complications.  Short- 
ening of  the  limb  can  be  the  result  of  overriding,  of  impaction,  of  loss 
of  substance,  or  of  developmental  defect  following  the  separation  of 
an  epiphysis.  All  the  complications  of  wounds,  including  especially 
suppuration  and  tetanus,  are  among  the  complications  of  compound 
fractures.  Surgical  emphysema  results  from  the  entrance  of  air  or  ga.s 
into  the  connective-tissue  spaces.  It  is  usually  found  a.ssociated  with 
a  fracture  in  which  there  is  a  wound  of  the  lung,  or  of  some  part  of 
the  respiratory  tract,  or  in  the  region  which  shares  in  the  respiratory 
movements.  Air  thus  admitted  penetrates  the  loose  subcutaneous 
connective  tissue,  and  may  extend  over  a  large  area  of  the  body,  giving 
a  peculiar  crackling  and  crepitating  sensation  upon  pressure.  Certain 
gas-producing  micro-organisms  cause  a  similar  phenomenon  after  gain- 
ing access  to  a  wound. 

Hypostatic  congestion  of  the  lungs,  bed-sores,  inhibition  of  the 
function  of  the  excretory  organs,  suppression  of  urine,  retention  of 
urine,  arc  complications  commonly  found  in  old  or  debilitated  persons. 
These  are  the  special  dangers  which  threaten  the  old,  and  render  con- 
finement in  bed  a  matter  of  great  hazard.  In  such  cases  every  effort 
should  be  made  to  carry  on  the  treatment  in  such  a  way  that  the 
patient  may  not  be  kept  constantly  in  the  dorsal-recumbent  position. 
It  is  much  better  surgcr>'  to  be  satisfied  with  a  less  perfect  local  result, 
and  preserve  the  patient,  than  to  allow  technical  zeal  to  strive  for  a 
perfect  cure  of  the  fracture  at  the  cost  of  the  patient's  life. 

Dcliriufii  tramns  is  prone  to  occur  in  persons  who  have  habitually 
taken  alcohol,  and  wlio  for  some  reason  are  compelled  to  remain  for  a 
considerable  length  of  time  in  the  recumbent  position.  Traumatic 
delirium  or  delirium  nen'osum  is  a  condition  of  nervous  excitement  fol- 
lowing injuries  observed  in  neurotic  persons.  Crutch-paralysis  is  one 
of  the  Inter  complications.  It  arises  from  the  pressure  of  a  crutch 
upon  the  nerves  in  the  axilla,  producing  paralysis  of  the  muscles  of  the 
arm. 

Besides  the  immediate  and  mediate  complications,  there  are  certain 
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later  complications  which  arc  observed  after  the  fracture  has  united 
and  treatment  has  been  discontinued.  The  gradual  appearance  of 
deformity  at  the  scat  of  fracture,  resulting  from  instability  or  softening 
of  the  callus,  requires  reimmobtlization  or  treatment  for  faulty  union. 
Persistent  atrophy  may  be  due  to  continued  disuse,  nerve -disease,  cir- 
culatory disturbance,  joint-ankylosis,  or  to  retarded  development  sub- 
sequent to  the  separation  of  an  epiphysis.  Neuralgia  sometimes  per- 
sists as  the  result  of  pressure  upon  a  sensory  nerve  or  infiltration  of 
the  nerve  with  new  connective  tissue. 

Faulty  or  vicious  union  results  from  the  absence  of  treatment  of 
fractures,  or  when  consolidation  has  been  allowed  to  take  place  wth 
the  fragments  not  in  normal  apposition,  tt  may  occur  associated  with 
any  of  the  forms  of  displacement.  The  usefulness  and  symmetry  of  a 
limb  may  thus  be  greatly  impaired,  and  symptoms  arising  from  press- 
ure upon  vessels  and  nerves  may  be  produced.  If  the  deformity  is 
near  a  joint,  the  fuiKlion  of  the  joint  is  impaired.  If  the  deformity  is 
but  slight,  the  impairment  of  function  incon.^uderable,  and  the  patient 
satisfied  witli  the  result,  no  treatment  need  be  urged.  In  the  more 
extreme  cases  the  bone  should  be  refractured,  the  deformity  corrected, 
and  the  treatment  of  the  fracture  begun  anew.  Within  the  first  few 
weeks  the  refraclure  of  a  bone  with  angular  deformity  is  a  simple 
matter;  but  when  the  fracture  is  old,  or  situated  near  a  joint,  or  has 
healed  with  overriding,  great  care  i.s  required.  The  bone  may  be 
broken  by  simple  manual  force;  but  it  is  well  to  bind  splints  firmly  to 
the  limb  above  and  below  the  point  where  it  is  desired  to  make  the 
break,  in  order  to  locali/,c  the  strain.  The  bone  should  be  broken  by 
a  quick,  strong  force,  rather  than  by  a  gradually  increasing  force.  The 
instrument  known  as  the  osteoclast  may  be  used  with  advantage  in 
some  cases.  Tlie  most  exact  treatment  is  by  osteotomy.  This  may 
be  done  by  a  subcutaneous  operation  in  the  more  .simple  cases,  or  by 
the  open  method  in  cases  with  overriding  of  the  fragments.  It 
often  becomes  necessary  to  resect  a  portion  of  the  bone  before  a  per- 
fect rejiosition  can  be  accomplished. 

Delayed  Union. — The  term  ilelayed  union  is  applictl  to  those  cases 
in  which,  though  the  processes  which  bring  alwul  union  are  going  on, 
the  production  of  ossitication  in  the  callus  is  slow.  It  is  a  retardation 
of  the  reparative  process,  whereby  the  bone  is  united  by  unossified  or 
imperfectly  ossified  connective  tissue  or  callus.  Imperfect  immobiliza- 
tion, too  early  mobilization,  overriding,  and  *!cparatioii  of  the  fragments 
are  important  etiological  factors.  Lucal  iiifl.mimation  in  compound 
fractures  is  a  common  cause  of  delayed  union.  It  may  be  due  to 
certain  constitutional  disturbances,  such  as  the  slow  production  of 
plastic  materia!  at  the  scat  of  fracture  from  local  or  general  nutritive 
defects,  or  to  the  slow  ossification  of  the  callus  from  a  poverty  of  lime- 
salts. 

The  treatmeilt  of  delayed  union  consists  first  in  removing  any  di.s- 
coverable  cause.  The  local  nourishment  should  be  improved  by  increas- 
ing the  blood-supply.  This  may  be  done  by  improving  the  patient's 
general  condition.  The  fracture  being  perfectly  immobilized,  the  patient 
should  be  encouraged  to  go  about  as  much  as  possible.  The  local 
blood-supply  may  be  increased  by  irritation.     This  is  accomplished  by 
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hammering  the  region  of  the  fracture  each  day  with  a  padded  wooden 
hammer  or  with  a  hammer  of  paraffin  or  wax.  The  application  of  the 
electric  current  is  of  questionable  value.  Blistering  and  cauterization 
over  the  fracture  are  of  very  little  value.  Good  results  are  secured  by 
driving  into  the  bone-ends  pegs  of  bone,  which  are  allowed  to  remain 
in  situ.  The  bones  may  be  bored  or  punctured  in  several  places  with- 
out leaving  in  any  pegs.  A  most  valuable  means  of  arousing  hyperemic 
reaction  is  to  break  asunder  forcibly  the  fibrous  attachment  by  flexion 
and  rotation,  followed  by  rubbing  the  bone-ends  together.  This  should 
be  done  under  general  anesthesia.  If  necessary,  the  operation  should 
be  repeated  till  pain,  tenderness,  and  considerable  swelling  have  appeared. 
Another  plan  is  to  drive  the  bone-ends  forcibly  together  to  the  degree 
of  producing  impaction.  After  sufficient  irritation  has  been  produced 
by  these  measures,  the  limb  should  be  thoroughly  immobiHzed.  Six 
months  is  not  too  long  a  time  to  give  to  securing  consolidation. 

Fibrous  or  ligamentous  union  consists  in  the  connection  of  the 
bone-ends  by  means  of  unossified  fibrous  connective  tissue,  which  per- 
mits more  or  less  motion  between  the  fragments.  It  is  unremedied 
delayed  union,  and  may  be  due  to  any  of  the  causes  which  produce 
delayed  union.  The  interposition  of  soft  tissue,  such  as  muscle,  fascia, 
and  blood-clot,  between  the  fragments  is  one  of  the  most  prolific  causes 
of  this  accident.  When  the  treatment  for  delayed  union  has  been 
unsuccessful,  and  when  there  seems  to  be  no  tendency  to  ossification, 
or  if,  for  some  reason,  a  more  speedy  and  certain  cure  would  be  arrived 
at,  more  radical  operative  measures  are  justified.  The  bone  should  be 
cut  down  upon,  the  intervening  tissue  removed,  the  fragments  freshened 
by  sawing  off  the  ends,  and  the  freshened  bone-surfaces  brought 
together.  It  is  often  found  that  the  bone  near  the  fracture  has  become 
atrophied  and  porous.  When  this  condition  exists,  the  periosteum 
should  be  stripped  away  from  the  bone,  but  left  attached  to  the  sur- 
rounding tissue  ;  the  most  softened  part  of  the  degenerated  tone  should 
then  be  cut  away.  It  sometimes  occurs  that  there  is  so  great  a  destruc- 
tion of  bone  that  a  considerable  space  is  left.  It  may  be  necessary  to 
fill  this  by  an  osteoplastic  operation,  or  by  the  transplantation  of  bone. 
Finally,  there  are  cases  of  old  fibrous  union  in  which  the  very  slight 
motion  does  not  materially  impair  the  usefulness  of  the  limb.  These 
cases  need  no  treatment. 

The  constant  rubbing  together  of  the  fibrous  covered  ends  of  the 
bones  sometimes  results  in  the  formation  of  a  bursal  sac  between  the 
fragments.  Thus  a  new  joint  is  formed,  in  which  tlie  connective  tissue, 
representing  the  unossified  callus,  forms  the  capsular  ligament.  If 
operative  treatment  is  indicated,  the  new  joint-sac  must  be  removed, 
and  the  treatment  proceeded  with  upon  the   lines   laid   down  above. 

Non-union  is  a  comparatively  rare  condition  in  which  little  or  no 
reparative  action  has  taken  place.  In  this,  tlie  bone-ends  are  found  not 
connected  by  any  new-formed  tissue  whatever,  but  lie  free  in  the  sur- 
rounding soft  structures  without  having  e.\cited  any  reparative,  exuda- 
tive reaction.  It  may  be  due  to  the  causes  which  contribute  to  delayed 
union  and  fibrous  union,  but  is  more  dependent  upon  malnutrition. 
The  treatment  is  the  same  as  that  for  delayed  union,  followed,  if  neces- 
sary, by  the  treatment  which  is  applied  for  ligamentous  union. 
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Intra-uterine  fractures  are  of  surj;ical  importance  chiefly  from  the 

standpoint  of  vicious  union  and  developmental  defects.  They  are  due 
to  traicmatisins  to  the  child-containing  uterus  and  to  uterine  contrac- 
tions. The  predisposing  causes  arc  syphilis,  osteitis,  malnutrition,  and 
maiformations. 

SPECIAL  FRACTURES. 

The  Nose. — The  projecting  bony  and  cartilaginous  framework  of 
the  nose  is  the  frequent  seat  of  fracture,  caused  by  the  direct  violence 
of  blows  received  by  il  ur  of  falls  upon  it.  The  damage  sustained  may 
be  of  every  degree  of  severity,  from  simple  diastasis  and  deflection  of 
the  cartilafjinnus  septum,  or  fracture  of  the  thin  projecting;  L-dge  of  a 
nasal  bone,  to  much  comminution  and  marked  depression  of  the  whole 
bony  arch,  with  fracture  of  the  perpendicular  and  cribriform  plates  of 
the  ethmoid.  While  the  more  serious  and  extensive  injuries  arc  usually 
recognizable  on  sight  by  the  marked  deformities  which  they  produce, 
the  slighter  injuries  arc  not  infrequently  overlooked,  being  masked  by 
swelling  of  the  overlying  soft  ])arls  ;  and  not  till  after  this  has  sub- 
sided is  it  appreciated  that  con.soHdation  of  malposed  fragments  has 
already  occurred,  with  jx^rmaiicnt  deformity.  As  early  as  possible, 
therefore,  careful  examination  should  always  be  made  of  the  whole 
framework  of  a  nose  which  has  been  subjected  to  violence,  to  detect 
and  remedy  any  displacement  that  may  be  present,  .since  even  slight 
deviations  from  its  normal  contour  or  dirtxtton  inevitably  produce 
notable  permanent  disfigurement,  and  unrelieved  deviations  of  the 
septum  not  only  entail  deformity  of  the  nose,  but  may  lead  to  subse- 
quent chronic  disease  of  the  nasal  passages  by  reason  of  the  inter- 
ference which  they  produce  with  the  freedom  of  the  respiratory  current 
through  the  side  toward  which  they  project. 

The  triangular  cartilage  of  the  septum  may  be  torn  from  its  bony 
attachments  either  posteriorly  or  inferiorly.  or  the  e.vtent  of  the  dias- 
tasis may  involve  both  lines  of  attaclinient.  Such  an  injury  results 
from  blows  ujion  the  anterior  portion  of  the  nose,  more  especially  in 
children.  A  lateral  cartilage  may  be  torn  away  from  its  attachment 
to  the  edge  of  the  nasal  bone,  with  or  without  injury  to  the  septum. 
Deprived  of  its  natural  supjjort,  such  a  cartilage  tends  to  fall  inward, 
making  the  lower  edge  of  the  nasal  bone  to  appear  as  a  lateral 
prominence. 

Thr  fradurr  iif  Ihe  nsMil  hnn«  nuiy  be  o  minor  tncidrni  in  t  inr>re  txicnsive  injuTy 
inrolvtog  the  bonrt  of  th«  fiK-c  and  oibtls.  If  tlic  nawl  pnKcw  of  ■  (upcnor  nuuUiuy 
Ikid«  is  invulvct],  ruplare  ami  nbhlra(.'Unn  of  (he  lacnoul  tlocl  br  pouibic  coinplkaikinh. 
In  ODc  caK  which  caune  iiiwlcr  my  obscTv«(ion,  the  enlire  bony  fmmework  of  the  face  and 
of  th«  orbit  on  Ihr  IpD  m(Ic  wa»  cruihml  by  a  masft  of  iron  chain  which  ftrll  upon  il,  tearing 
away  ihc  IrA  eye  and  cheek.  Both  nasal  bonea  were  fractured.  In  another  ca»«,  by  Ihc 
kick  vA  a  hone  Ihe  bonct  of  the  fnce  wer«  sepanted  from  the  cranium  by  an  open  line  i>f 
fracture  ihruugh  ihc  uiperior  mavillnr\-,  nasal,  and  ethmoid  Ixmes.  Ki-rn  in  thr^e  canes  of 
exk-noive  and  mulriplr  injiifie«  il  in  important  that  th<^  condJlion  of  the  natal  bone*  be 
appreciated  and  the  wsi  luuibte  poiiiioii  fur  ihmi  secured,  m>  that  tlie  ultimate  defbcmily 
may  be  oi  ^dighl  a«  poMible,  for  recovery  from  very  ciIconvc  cruthing  injuries  of  the  face  U 
not  iDfrequenl. 

By  far  the  most  frequent  seat  of  fracture  of  the  nasal  bones  proper 
is  at  some  point  along  their  lower  half,  where  they  are  thinnest,  least 
supported  by  other  bones,  and  most  exposed  to  violence  (Fig.  220). 
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According  to  the  location  of  the  fracture  and  tlie  direction  of  the 
injuring  force,  there  may  be — first,  a  deviation  of  the  fragments  to  one 
side,  with  or  without  special  deprcs^iiun  ;  or  second,  a  sinking  in  of  the 
bridge  of  the  nose  with  an  uptiUiiig  of  the  tip:  or  third,  a  flattening 
and  depression  of  the  tip  with  broatlciiiiig  of  the  base.  Depression 
of  the  bridge  or  tip  nccc&sarily  involves  fracture  or  displacement  of 
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FiC.  »30, — Frnclufe  of  iht  rasnl  hones  (HoflEa). 


the  septum.  Comminution  of  the  fragments  is  frequent,  and  so  also  is 
laceration  of  the  cutaneous  or  mucous  covering,  exposing  the  line  of 
fracture. 

Treatment. — The  reposition  in  their  normal  position  of  displaced 
fragments  of  the  septum  and  bony  arch  of  the  nose  is  to  be  accom- 
plished by  careful  manipulation  by  the  fingers  applied  externally,  aided, 
if  necessary,  by  the  insertion  of  suitable  levers  and  forceps  into  the 
nasal  ca\'ities,  whereby  depressed  fragments  may  be  lifted  up  and 
deflected  parts  straightened.  Any  lever  intended  to  press  up  a  nasal 
bone  must  be  quite  thin,  not  more  than  \  inch  in  thickness,  on  account 
of  the  narrow  space  between  the  bone  and  the  septum.  Such  a  lever, 
of  suitable  thickness  and  length,  may  usually  be  readily  extemporized 
with  a  pocket-knife  out  of  a  slip  of  wood.  A  pocket-case  director  or 
even  a  hairpin  may  prove  serxiceablc. 

Not  infrequently  such  impaction  of  the  displaced  fragment  will  exist 
as  can  be  overcome  only  by  the  use  of  considerable  force.  When 
ordinary  means  fail  to  reduce  such  an  impaction,  it  would  be  justifiable 
to  drive  a  narrow  chisel  through  the  skin  from  without  underneath  the 
fragment  and  prj*  it  up  into  place.  It  may  be  necessary  to  place  the 
patient  under  the  influence  of  a  general  anesthetic  to  secure  tolerance 
of  the  necessary  manipulations.  No  hesitation  should  be  felt  in  resort- 
ing to  such  anesthesia  whenever  required  to  facilitate  adequate  exam- 
ination and  proper  adjustment 

Whatever  displacement  or  deflection  of  the  septum  exists  may  best 
be  remedied  by  the  use  of  forceps  with  flat  parallel  blades,  by  which 
the  septum  is  seized  and  forcibly  replaced.     Recurrence  of  the  deflec- 
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tampon  in  the  nasal  passage  toward  which 
the  dJaplaccracnt  tends  to  occur,  or  by  fixing  the  septum  in  place  by 
pins  thrust  through  il  from  above  downward  or  from  before  backward, 
in  suci)  a  manner  as  to  controJ  the  movable  lacerated  part  and  hold  it 
in  the  required  position  until  healing  has  become  well  advanced. 

This  use  of  fixalion-pins  is  preferable  to  the  use  of  intranasal  tam- 
pons, since  the  respiration  is  not  obstructed,  and  opportunities  of 
inspection  and  irrigation  of  the  parts  are  freely  afforded.  The  pins 
used  may  be  the  ordinarv-  steel  toilet-pins  with  glass  heads.  The  point 
may  be  thrust  through  the  anterior  [wrt  of  the  septum,  just  within  ihc 
nosiril,  and  carried  backward  to  be  buried  deeply  in  the  portion  beyond 
Ihe  hne  of  fracture;  or  It  maybe  introduced  through  the  outer  wall 
of  the  nose,  and  carried  ilownward  by  the  side  of  the  replaced  septum 
until  it  has  become  firmly  engaged  in  the  intermaxillary  .suture. 

When  both  nasal  bones  arc  comminuted,  and  especially  when  the 
nasal  processes*  of  the  superior  maxillary  bones  are  also  fractured,  the 
fragments  may  best  be  kepi  in  place  by  the  device,  suggested  by 
Mason,  of  passing  a  pin  transversely  through  the  nost-  under  the  frag- 
ments, entering  il  in  the  line  of  fracture  in  the  nasal  processes.  A  ptn 
so  placed  gives  reliable  and  constant  posterior  support  lo  the  fragments. 
Lateral  compression,  if  needed,  can  be  obtained  by  stretching  a  ribbon 
of  rubber  tissue  ^  inch  wide  o\er  the  bridge  of  the  nose,  either  end  of 
the  ribUm  being  punctured  and  secured  by  an  end  of  the  pin.  Should 
the  line  of  fracture  not  be  sufficiently  symmetrical  on  the  two  sides  of 
the  nose  to  permit  the  passage  of  the  pin  in  the  desiretl  line,  the 
unbroken  hone  should  be  pierced  with  a  drill  at  the  desired  level,  so 
as  to  permit  the  pin  to  be  carried  through  it.  At  the  end  of  a  week 
consolidation  will  be  sufficiently  advanced  to  insure  the  retention  of 
the  fragments  in  their  proper  position  without  the  aid  of  the  pin.  so 
that  it  may  then  be  witJidrawn. 

In  the  primary  dressing  of  a  compound  comminuted  fracture  of  the 
nasal  bones,  no  fragment  of  bone  shoiiUl  be  renioved  unless  it  is 
entirely  detached  from  the  soft  parts  and  lies  loose  in  the  wound,  since 
any  loss  of  substance  in  the  framework  of  the  nose  entails  noticeable 
deformity. 

In  occasional  instjmces  some  emphysema  of  the  eyelids  and  face 
results  from  air  forced  into  the  superficial  tissues  in  cflx>rts  at  blowing 
the  nose-  It  calls  for  un  treatment,  for  it  will  subside  spontaneously 
within  a  few  days, 

Halar  and  Superior  Maxillary  Bones. — Fractures  of  the  nasal 
process  of  the  superior  maxillary  bone  have  been  mentioned  in  con- 
nection with  fractures  uf  the  nose.  More  or  less  of  the  alveolar 
proce-ss,  especially  in  fmnt.  may  be  broken  off  by  blows  the  brunt  of 
which  has  fallen  upon  the  mouth.  The  cheek-bones  generally  both 
share  in  the  resirit  tif  any  xiolence  severe  enough  to  produce  a  fracture 
in  cither,  although  it  is  possible  for  the  orbital  or  zygomatic  process  of 
a  malar  bone  to  be  alone  fractured  by  the  direct  blow  of  a  narrow 
body.  In  the  more  common,  broadly  extended  blows  that  are  received 
uptm  the  check,  the  malar  bone  together  with  the  prominent  malar 
process  of  the  superior  maxillary  bone  receives  the  chief  impact;  and 
if  the  force  is  a  crushing  one,  according  to  the  direction  of  the  blow  the 
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malar  process  is  broken  across  and  with  the  malar  bone  is  displaced 
backward  into  the  zygomatic  fossa,  or  the  malar  is  driven  inward  into 
the  cavity  of  the  antrum  or  upward  into  the  floor  of  the  orbit.  Exten- 
sive laceration  of  the  overlying  soft  parts  and  much  comminution  of 
bone  often  complicate  such  fractures.  The  flattening  of  the  cheek 
which  results  when  the  cheek-bone  has  been  driven  backward  or 
inward  is  a  deformity  that  is  at  once  recognized  by  both  sight  and  touch  ; 
it  declares  plainly  the  nature  of  the  injury.  Further  irregularities  of 
bony  outline  may  also  possibly  be  felt  by  the  finger  applied  to  the  mar- 
gin of  the  orbit  or  to  the  outer  and  posterior  surface  of  the  bones 
accessible  from  the  buccal  cavity.  Mobility  and  crepitus  may  also  be 
elicited  whenever  the  fragments  are  not  immobilized  by  impaction. 
Injuries  to  the  lachrimal  canal  or  to  the  infra-orbital  nerve,  when  present, 
will  declare  themselves  by  the  special  symptoms  caused  by  interference 
with  their  functions.  Protrusion  of  the  eyeball  may  result  from  the 
encroachment  upon  the  orbit  of  the  displaced  fragment  or  from  hemor- 
rhage into  the  cavity  behind  the  ball.  In  cases  of  backward  displace- 
ment into  the  zygomatic  fossa,  the  movements  of  the  lower  jaw  may 
be  restricted. 

The  character  of  the  treatment  to  be  adopted  will  depend  upon  the 
extent  and  nature  of  the  displacement.  In  cases  in  which  the  displace- 
ment is  slight  and  the  deformity  of  but  little  moment,  if  the  fragment  is 
loose,  it  may  be  restored  to  its  place  by  pressure  of  a  finger  passed 
under  it  through  the  mouth ;  if  it  is  too  firmly  fixed  by  impaction  to 
be  thus  moved,  the  fracture  may  be  disregarded  and  the  case  treated  as 
one  of  simple  contusion.  If  the  disfigurement  is  considerable,  and 
cannot  be  overcome  by  simple  manipulation,  an  incision  through  the 
skin  should  be  made,  sufllicient  to  permit  a  blunt  hook  to  be  passed 
under  the  most  depressed  border  or  process,  by  means  of  which  it 
may  be  lifted  up  into  place ;  or  through  a  narrower  puncture  a  gimlet 
or  screw  may  be  driven  into  the  anterior  surface  of  the  depressed 
bone  and  used  to  lift  it  up ;  or  the  antrum  may  be  opened  from  the 
mouth  sufficiently  to  permit  the  introduction  of  a  metallic  instrument 
strong  enough  to  force  or  pry  up  into  position  the  depressed  fragment. 
In  open  fractures  the  wounds  of  the  overlying  soft  parts  give  ready 
access  for  such  procedures  to  the  fragments  beneath.  When  the  bones 
are  comminuted,  every  fragment  not  wholly  dctaclied  should  be  pre- 
ser\'ed  with  care,  and  the  parts  moulded  back  into  as  good  shape  as 
possible.  Rapid  repair  is  the  rule  in  these  injuries,  and  the  ultimate 
disfigurement  is  often  far  less  than  could  at  first  have  been  expected, 
even  after  extensive  crushing  injuries,  provided  actual  loss  of  substance 
has  been  avoided. 

Retention  of  the  fragments  in  place  after  reposition  ordinarily  requires 
no  special  provision.  Any  tendency  of  a  fragment  to  drop  downward 
— a  tendency  more  likely  to  be  met  with  in  fractures  involving  the 
alveolar  process — can  be  controlled  by  using  the  lower  jaw  as  a  splint, 
the  lower  jaw  being  immobilized  by  the  head  and  chin  figure-of-8 
bandage.  The  upper  and  lower  dental  arcades  may  be  separated  by  a 
strip  of  gutta-percha  placed  on  either  side.  These  strips  should  be 
sufficiently  thick  to  separate  the  jaws  enough  to  permit  of  the  intro- 
duction between  the  teeth  of  liquid  food,  a  suitable  space  between  the 
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strips  being  left  for  the  purpose.  Ihc gutta-percha  far  such  interdental 
splints  is  first  stiftentrtl  by  iInmer^i^ln  in  Iiot  water,  and,  while  sti!l  soft, 
is  put  in  place  su  that  it  shaJI  iiiouUI  itself  Co  the  irregularities  of  the 
teeth  and  thus  provide  against  displacement. 

A  very  movable  and  depressed  malar  bone  was  supported  and 
retained  in  place  by  Abbe  by  means  of  a  drill  passed  through  the  solid 
part  of  the  zygoma.  Th<.-  drill  was  withdrawn  after  ten  days,  and  tile 
bone   healed  without  dcfonriity. 

The  lA>wer  Jaw. — 1  "he  exposed  petition  of  the  lower  jaw  often 
causes  it  to  receive  vHolcncc  sufficient  to  fnicture  it.  The  anterior  part 
of  the  body  of  the  bone,  between  the  mental  foramen  and  the  sym- 
physis, h  the  site  of  the  fracture  in  much  the  larger  proportion  of 
instances,  but  no  part  of  the  bone  is  free  from  the  possibility  of  fracture. 


Fig,  aai.^Fracturcf)  lower  jjw,     phoiograph  of  ipccimtr   shewing  miiii  (r«quent  lucalian 
and  direction  of  Iracturc,      tnlrmnt  and   external  sur&ices. 


Complete  fracture  at  two  or  more  points  distant  from  each  other 
is  not  infrequent.  Partial  fractures  involving  the  alveolar  border  are 
very  common  from  bEow5  ujKin  the  teeth  or  in  the  e.vtraction  of 
teeth. 

In  complete  fractures  of  the  body  of  the  bone  the  tine  of  fracture  is 
usually  transverse  to  the  long  axis,  and  with  but  Httle,  if  any,  antero- 
posterior obhquity.  except  in  fractures  in  the  postenor  half  of  the  body 
of  the  bone,  in  which  region  the  anterior  fragment  is  usually  longer  on 
it.s  inner  side,  and  the  |x>sterior  fragment  on  its  outer  side. 

The  comminution  caused  by  gunshot  fractures  protluces  multiple 
h'nes  of  fracture  that  are  not  susceptible  either  of  classification  or  of 
systematic  description. 

The  soft  parts,  both  externally  and  also  within  the  mouth,  are  fre- 
quently so  lacerated  as  to  render  the  fracture  a  compound  one.  Ordi- 
narily there  is  but  slight  displacement  of  the  fragments,  an tl  what  there 
is  may  he  readily  corrected  by  manipulation.  In  occa.tional  instances. 
as  the  direct  result  of  the  special  violence  which  has  caused  the  fract- 
ure, a  more  marked  degree  of  displacement  may  exist,  and  the  entan- 
glement of  a  tooth  or  a  bit  of  the  alveolar  process  between  tl»e  frag- 
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mcnts  or  tlic  interlocking  of  projecting  serrations  may  render  replace- 
ment in  apposition  more  difficiiit,  anJ  may  require  free  exposure  of  tlie 
line  of  fracture  by  suitable  incision,  in  order  to  tielect  and  remedy  the 
cause  of  entanglement.  Fracture  at  the  neck  of  the  condyle  leaves 
the  condyloid  fragment  subject  to  the  unopposed  action  of  the  external 
pterygoid  muscle  by  which  it  is  drawn  upward  and  forward.  In 
double  fractures  of  the  body  nf  the  bore  the  intermediate  piece  is 
drawn  downward  and  backward  by  tlic  unopposed  action  of  the  muscles 
of  the  neck  allached  to  it. 

Complete  laceration  nf  the  inferior  dental  nerve  is  a  comparatively 
rare  complication,  the  more  common  location  of  fracture  being  in  front 
of  its  point  of  escape  from  the  dental  canal  at  the  mental  foramen,  and 
the  displacement  in  other  cases  being  rarely  great  enough  to  rupture 
the  nerve.  When  the  nerve  is  ruptured,  there  results  anesthesia  of  the 
lower  lip  and  chin  on  the  atTected  side. 

The  diagnosis  nf  fracture  of  the  lower  jaw  rarely  presents  any 
difTiculties.  The  history'  of  direct  violence  sustained  by  the  |>art  and 
local  jm[>airment  of  function  with  swelling  and  tenderness  invite  exam- 
ination. Often  some  irregularity  of  outline  can  be  appredatcd  at  once 
by  both  sight  and  touch,  and  by  manipulation  the  mobilitj"  of  the  frag- 
ments and  crepitus  caTi  be  elicited,  and  the  exact  site  of  fracture  demon- 
strated. 

The  prognosis  is  good.  Failure  of  union  is  rare  even  in  cases  of 
comminution  with  some  lo.ss  of  substance,  notwithstanding  the  fretjuent 
unavoidable  movements  between  the  fragments  in  swallowing  and 
speaking.  Nor  arc  the  rapiditj'  and  certainty  of  repair  much  prejudiced 
by  the  lacerations  of  the  soft  parts,  which  e.xpose  the  fracture  to  con- 
tact with  the  copious  secretions  of  the  mouth,  mingled  with  the  secre- 
tions from  the  infected  wounds. 

Exfoliating  splinters  may  cause  abscesses,  but  necrosis,  except  of 
limited  portions  of  the  alveolar  border,  is  rare.  Deformity,  bej  ond 
possibly  a  slight  irregularity'  of  the  teeth  not  sufficient  to  interfere 
with  mastication,  \^  rare. 

Treatment. — Replacement  of  the  fragments  in  proper  position  in 
most  cases  is  readily  effected  by  slight  pressure  and  manipulation.  In 
the  exceptional  instances  in  which  diflficultv*  is  met  with,  the  cause  for 
it  must  be  sought  for  and  removed.  Loosened  teeth  at  the  point  of 
fracture  should  be  removed.  Obstinate  recurrence  of  displacement 
due  to  contraction  of  unopposed  muscles  calls  for  division  of  the  mus- 
cles at  fault.  Such  obstacles  to  ready  and  complete  reduction  and 
retention  having  been  removed,  retention  of  the  fragments  in  position 
may  usually  be  sufficlenth'  secured  by  bandaging  the  lower  jaw  to  the 
upper  by  a  simple  figure-of-S  chin-and-hcad  bandage,  applied  over  a 
chin-cup  formed  of  canton  flannel  or  to\veIIing  saturated  with  plaster- 
of-Paris  cream.  To  form  this  cup  a  piece  of  canton  flannel  is  saturated 
in  thick  plaster-of- Paris  cream  and  folded  into  three  folds ;  the  folded 
piece  for  an  adult  should  be  from  6  to  8  inches  long  and  from  3  to  4 
inches  broad.  This  is  cut  along  the  middle  from  either  end  for  one- 
third  of  its  length,  the  middle  third  being  thus  left  uncut.  From  the 
center  of  either  edge  of  this  middle  portion  as  much  as  may  be 
required  for  the  lower  lip  and  for  the  throat  is  cut  away.     This  uncut 


portion  is  applied  to  ihe  chin,  which  it  will  cover  from  the  hyoiH  bone 
to  the  furrow  bclo\v  the  lower  lip.  Then  the  two  lateral  tails  are 
pressed  upon  the  sides  of  the  jaw.  and  the  whole  secured  in  place  by 
the  figiirc-of-8  banda|;e,  When  ihe  plaster  has  hardened  the  cup 
should  be  removed  and  lined  with  a  thin  layer  of  cottun-wool  or  other 
soft  material.  It  is  then  reapplied  atid  kept  in  place  by  the  bandage  as 
before.  Such  a  chin-cup  i^  especially  indicated  to  prevent  displacement 
from  lateral  pressure  of  the  bandage  when  the  fracture  is  posterior  to 
the  mental  foramen  or  when  it  is  multiple.  When  the  fracture  is  an 
open  one  with  a  skin-wound,  suitable  fenestration  of  the  cup  and 
bandages  must  be  provided  to  facilitate  its  proper  care,  and  the  neces- 
sary absorbent  dressings  will  be  sujieraiKled  to  the  fixation-appli- 
ances. 

Careful  inspection  of  the  parts  should  be  made  as  found  to  be  neces- 
sary for  the  perfect  support  of  the  fragments  and  the  comfort  of  the 
patient.  Feeding  with  fluids  can  usualty  be  satisl;iclonly  accomplished 
through  the  spaces  left  by  lost  teeth  or  the  natural  irregularities  of  the 
dental  arcades.  Cleanliness  of  the  mouth  may  be  secured  by  the  fre- 
quent use  of  antiseptic  mouth-washes  introduced  through  the  same 
channels. 

Repair  takes  place  rapidly,  so  that  by  the  third  week  the  con- 
stant use  of  the  retentive  apparatus  may  be  intermitted.  It  may  be 
abandoned  altogether  by  the  end  of  the  fourth  week,  but  not  until 
the  lapse  of  two  weeks  more  should  the  mastication  of  meat  be 
attempted. 

Should  it  be  found  impracticable  to  introduce  liquid  food  between 
the  closed  jaws,  or  should  the  absence  of  teeth  in  either  jaw  be  so 
cxten.sivc  as  to  prevent  the  proper  support  of  the  lower  jaw  by  the 
upper,  interdental  splints  may  be  used,  as  already  described  in  connec- 
tion with  fractures  of  the  upper  jaw.  In  the  absence  of  facilities  for 
making  interdental  splints,  feeding  may  still  be  satisfactorily  accom- 
plished as  long  as  neccs.sar>'  through  a  tube  introduced  into  the  pharj'nx 
throufjh  the  Uiu^al  pa.^^si^gcs, 

Whenever  difficulty  is  found  in  maintaining  the  fragments  in  appo- 
sition by  the  means  already  described,  as  in  oblique  and  multiple  fract- 
ures or  in  compound  fractures  which  require  frequent  disturbance  of 
the  retentive  appanitus  for  dressings,  the  fragments  may  be  wired 
together  by  stout  silver  wire  passed  through  openings  made  by  a  drill 
throujjh  the  whole  thickness  of  tlic  body  of  the  bone  from  before 
backward,  at  a  quarter-inch  or  more  distance  from  the  line  of  fracture 
on  cither  side,  the  bone  having  first  been  pierced  by  a  suitable  drill. 
The  wires  may  be  removed  after  three  weeks. 

The  tjing  together  of  the  fragments  by  stout  thread  or  silver  wire 
passed  around  sound  teeth  on  cither  side  and  near  the  Hne  o(  fracture 
has  often  been  resorted  to,  but  it  Is  a  feeble  and  inefficient  dc\'ice  in  the 
ca.scs  which  require  special  support ;  even  firm  teeth  may  thereby  be 
speedily  loosened. 

Many  forms  of  elaborate  apparatus  have  been  devised,  combining 
vulcanized  interdental  splints  and  an  external  framework,  and  chin- 
plate  with  appropriate  nuts  and  screws  to  regulate  pressure,  secure 
adjustment,  and  hold  together  the  fragments  of  a  broken  lower  jaw 
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until  consolidation  has  been  secured.  They  are  especially  indicated 
in  fractures  with  much  commiTiution,  as  in  some  gunshot  fractures. 
The  co-operation  of  a  dental  surgeon  is  essential  for  the  construction 
q{  any  such  apparatus. 

The  mouth  is  thoroughly  washed  with  an  antiseptic  solution; 
any  very  loose  teeth  arc  removed,  and  the  teeth  cleansed  from  tartar. 
An  impression  of  the  upper  jaw  is  then  taken  in  modelling  compo- 
sition, and  of  the  lower  or  fractured  jaw  in  modelling  composition 
or  plaster.  No  attempt  is  made  to  put  the  fragments  in  proper  posi- 
tion. 

Piaster  casts  arc  made,  on  which  the  lines  oi  fracture  arc  clearly 
indicated  (Figs.  222,  223). 


Fn:.  aaa— I *!»««•  r  can  or  model,  ibere 
bcinB  a  Fracturir  at  tht  symphysis,  alto  in 
the  region  of  the  tbird  moUr,  which  U 
absent  (Morlany). 


FlU.  U3. — Model  of  snRip  jaw  uftrr 
Irmlmeni.  Thf  !tft  crnirul  laoth.  which 
wnt  lookc.  wa>  extracted.  Observe  bow 
perfectly  the  aniculalJon  hiu  been  mloml 
(Mofur'ty). 


With  a  fine  saw  the  cast  is  cut  on  these  lines,  and  the  plaster  cast  is 
articulated  with  the  cast  of  the  upper  jaw.  Plaster  is  run  around  to 
hold  the  severed  portions  in  position,  and  then  both  upper  and  lower 
casts  arc  put  upon  an  articulator. 

The  process  of  making  an  aluminum,  gold,  or  vulcanite  .splint  is 
familiar  to  every  dentist,  being  similar  to  that  of  making  an  ordinar>' 
plate. 

The  advantages  of  the  aluminum,  gold,  or  simple  vulcanite  splint 


PlO.  3*4 .—Aluminum  nr  gold  splint,  which  Is  cemcnird  on  To  the  teeih. 


are  that  they  arc  not  noticeable,  and  that  the  patient  can  use  the  mouth. 
being  able  to  open  and  close  it,  and  can  masticate  with  comfort. 
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FlfJ.  -i^S- — Vtilc.imrc  splint  with 
bovca  vulciiaitM  on  each  side,  W 
llic  jnw  is  frnciiiml  in  ihr  rcffioo  of 
\\\r  molar*.  con»ldeR»ble  pre*»unj  ii 
(rf|uiri.*d  \n  gtrl  Ihr  parts  in  po!illir>n: 
tlieri-ffirc  II  i«  tfeil  lo  vuk.iniM  on  to 
Ihc  >iJr^  of  the  vulc^nilc  iplinl  boKVi 
iplo  which  Wirt  &nnft  can  bo  iiucrlcd. 


The  whole  course  of  treatment  of  fractures  nf  the  lower  jaw  h;is 
been  systematize tl  by  denial  sitrget>ns.  and  every  conceivable  variety  of 
fracture    has  been   treated  by  methods 
which  arc  fully  described  in  thejniirnals 
devoted  to  that  department  of  surgery. 

The  Hyoid  Bone. — Notwithstand- 
ing the  hyoid  bone,  by  reason  of  its 
mobility  and  its  retired  position  behind 
the  priijecling  hn\er  Jaw,  can  rarely  be 
ex[>osed  to  fracturinjj  violence,  yet  the 
immunity  is  not  absolute,  lilows  upon 
the  neck,  or  falls  in  which  the  front  of 
the  neck  strikes  upon  the  projecting- 
edge  of  an  object,  or  circular  compres- 
sion, as  of  the  fingers  in  throttling  or  of 
the  noose  in  hanging,  have  been  the 
usual  causes  of  the  accident.  Muscular 
action  alone,  in  sudden  and  violent 
extension   of  the   neck,  is  claimed   to 

have  been  the  cause  in  some  instances.  In  the  recorded  cases  the 
usual  point  of  fracture  has  been  at  or  ne;ir  the  juncture  of  the  great 
cornu  with  the  body  of  the  bone.  In  a  considerable  proportion  of  the 
cases  ("6  out  «)f  27,  Gurll)  there  was  associated  with  It  fracture  oi  the 
cartilajjes  of  the  larj'nx. 

The  symptoms,  in  addition  to  the  local  soreness,  tumefaction,  and 
ecchymosis,  arise  from  the  pain  which  is  caused  by  acts  invoking  con- 
traction of  the  hyoid  muscles.  Swallowing  is  dttTicuIt  and  painful — for 
a  time  often  impossible.  Movements  of  the  lower  jaw  and  of  the 
tongue  awaken  pain.  The  fractured  cornu.  displaced  inward,  has  in 
some  cases  been  fell  by  palpation  with  a  linger  in  the  pharj'nx.  Crepi- 
tus cannot  usually  he  elicited.  When  the  lar)'nx  is  also  injured,  the 
special  signs  of  that  injury  are  superadded,  such  as  dyspnea,  bloody 
expectoration,  and.  in  severe  cases,  emphysema. 

The  proffnosis  depends  largely  upon  the  character  of  the  associated 
injuries,  whicli  are  often  fatal.  The  fracjure  itself  is  usually  susceptible 
of  repair  by  bony  union,  but  cases  of  such  considerable  displacement 
as  to  cause  non-union  have  been  recorded.  Necrosis  of  the  fragment 
has  occurred. 

The  treatment,  after  any  manifest  displacement  has  been  corrected 
by  finger-pressure  from  within  the  pharynx,  is  necessarily  restricted 
simply  to  measures  to  immobilize  the  neck,  to  combat  the  local  inflam- 
malorj*  reaction,  and  to  relieve  the  complications  arising  from  asso- 
dated  injuries.  The  dysphagia,  as  long  as  it  is  severe,  should  be  met 
by  rectal  feeding  or  by  the  use  of  an  esophageal  tube ;  dyspnea  from 
edema  of  the  glottis  may  call  for  intubation  or  tracheotomy.  Immo- 
bilization of  the  neck  may  be  secured  by  a  broad  posterior  collar  of 
f>lastie  material,  as  canton  flannel  saturated  with  plaster  of  Paris,  orsole- 
cather  softened  by  hot  water,  the  collar  being  fastened  to  the  head  and 
shoulders  by  appropriate  bandaging. 

The  Stemam. — The  sternum,  by  tlie  sponginess  and  elasticit)'  of 
its  own  structure  and  the  elastic  support  which  is  given  it  by  the 
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costal  cartilages,  is  so  protected  from  the  effects  of  violence  that  it 
rarely  becomes  fractured.  When  fracture  of  the  sternum  does  occur 
as  the  result  of  great  crushing  violence,  it  is  not  infrequently  associated 
with  such  other  severe  lesions — as  fractures  of  the  spine,  ribs,  or  skull, 
and  laceration  of  the  thoracic  viscera — as  to  render  of  little  importance 
the  sternal  injury.  While  the  more  frequent  cause  of  fracture  has 
been  a  direct  blow  or  crushing  force  received  by  the  bone,  in  a  con- 
siderable proportion  of  the  recorded  cases  the  fracture  has  been  caused 
by  forcible  and  extreme  bending  of  the  trunk,  either  backward  or  for- 
ward. In  a  number  of  instances  it  has  been  caused  by  the  violent 
muscular  struggles  of  difficult  parturition.  In  a  case  under  my  own 
care  it  was  caused  in  a  football  scrimmage. 

The  part  of  the  bone  most  frequently  fractured  has  been  that  por- 
tion of  the  body  lying  between  the  manubrium  and  the  point  of  articu- 
lation of  the  fourth  costal  cartilages.  Diastasis  at  the  junction  of  the 
manubrium  and  gladiolus  presents  no  practical  differences  from  a  fract- 
ure, and  does  not  require  separate  consideration. 

In  the  great  majority  of  instances  the  fracture  has  been  transverse 
in  its  general  direction,  though  cases  of  longitudinal  fracture  have  been 
observed.  The  amount  of  displacement  attending  the  fracture  will 
depend  upon  the  nature  of  the  violence  which  has  caused  it ;  usually 
it  is  not  great.  Some  projection  forward  of  the  upper  edge  of  the 
lower  fragment  is  usual,  recognizable  by  sight  and  touch. .  Very 
marked  depression  of  the  upper  fragment  has  been  noted  in  some 
cases. 

In  addition  to  the  usual  signs  of  fracture  there  may  be  added  symp- 
toms of  internal  injury,  varying  according  to  the  extent  of  internal 
laceration  present,  including  dyspnea,  cough  with  bloody  expectora- 
tion, emphysema,  and  the  signs  of  hemothorax.  Infection  may  deter- 
mine, later,  widespread  mediastinal  suppuration.  The  prognosis  is 
favorable,  except  in  the  presence  of  serious  internal  injuries.  The 
fragments  unite  promptly  by  osseous  or  fibrous  union,  even  when  the 
displacement  is  marked  and  is  not  overcome. 

In  the  treatment  the  patient  should  first  be  placed  in  the  position 
in  which  he  finds  that  he  can  breathe  with  the  greatest  comfort.  This 
will  usually  be  in  a  half-sitting  position  with  a  firm  pillow  between  the 
shoulders.  This  position  will  at  the  same  time  tend  to  overcome  the 
displacement.  .The  displacement  itself  does  not  call  for  persistent  and 
irksome  attempts  to  overcome  it,  unless  it  is  so  great  as  to  be  the  cause 
of  embarrassment  to  the  heart  or  lungs.  In  such  a  contingency  any 
operative  measure  required  to  elevate  the  fragments  would  be  justi- 
fiable. Otherwise  the  surgeon  should  content  himself  with  what  he 
can  secure  by  position  and  moderate  manipulation  and  pressure.  The 
thoracic  movements  should  be  restricted  by  encircling  the  thorax  with 
a  broad  band  of  adhesive  plaster.  Opium  may  be  given  for  the  double 
purpose  of  relieving  pain  and  diminishing  the  frequency  of  the  respi- 
rations. The  complications  of  intrathoracic  hemorrhage  and  of  medi- 
astinal suppuration,  the  first  as  an  immediate  and  the  second  as  a  later 
occurrence,  should  be  watched  for,  and  such  operative  measures  taken 
as  are  needed  to  expose  the  bleeding  point  or  drain  the  pus-focus. 

Ribs  and  Costal  Cartilages. — Fracture  of  the  ribs  is  a  com- 
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parativcly  common  accident  In  my  own  experience  it  has  occurred 
about  one-half  .IS  frequently  as  have  fractures  of  the  femur.  63  patients 
suflering  from  fractured  ribsand  131  from  fracture  of  the  femur  having 
been  adniittcci  into  the  Methodist  Kpiscopal  Hospital.  Brooklyn,  during 
the  period  iSSK  to  jgoo.  The  elasticity  of  the  tlioracic  framework 
renders  children  less  liable  to  lliis  accident  than  adults,  but  it  is 
occasionally  obst^rvcd  even  in  quite  young  children  ;  thus,  amonj;  the 
cases  above  enumerated  there  was  one  child  of  three  years  who  had  sLx 
ribs  broken  by  the  kick  of  a  horse,  and  another  of  six  years  who  had 
three  ribs  broken,  having  been  run  over  by  a  wagon.  A  similar  cause 
produced  fracture  of  two  ribs  tn  a  boy  of  thirteen. 

Violence  sufficient  to  cause  rib-fracture  may  act  either  by  staving  in 
the  rib  at  the  point  of  contact,  or  by  so  compressing  the  chest  as  to 
bend  the  rib  outward  until  it  gives  way  at  some  |>oint  along  its  con- 
tinuity. The  former  is  the  usual  mechanism.  Out  of  25  ca.ses  in 
which  I  have  preserved  a  record  of  the  nature  of  the  violence  done, 
9  resulted  from  falls  from  a  height.  7  were  sustained  in  railroad  acci- 
dents :  in  4  instances  the  patient  had  been  run  over  by  a  wagon  ;  in  3 
a  crush  beneath  a  falling  body  had  occurred ;  in  2  tlie  [latient  had  been 
kicked  or  knocked  down  by  a  horse ;  and  in  l  he  had  been  crushed 
between  the  rollers  of  machinery. 

FnctoK  of  0,  rib  has  been  alleged  Co  have  been  cauicd  by  uinple  violent  muKular  Ktioo, 
■■  in  |Miturilkiii,  and  even  m  sncuing.  It  is  tcnsoiutilF  to  aKitine  thai  a  pstholof^cal  fra- 
giliiy  of  the  bone  mu«  hav«  pre-e1(isti^d  in  coniribute  to  the  pmtjuciion  d  a  rnu:iure  fmoi 
such  a  cause.  While  Ciaciurc  may  affrct  any  {wn  of  a  rib.  any  rib,  and  any  number  of  ribs, 
the  more  ahi>Ilere<l  u]h[>er  two  ribs  and  the  more  tnorahlr  inwcr  rihit  are  lr»  fretpieniljr 
broken  (ban  the  central  group.  Fraclurr  )iy  dtm^l  vioIphct  lucur^  with  great  frrcfueiKy  in 
rnml  (if  the  axillary  line ;  fTarlure  by  tndtrrct  vinVnce  pcMcrior  to  il,  near  to  the  an|[l« ; 
fnciure  of  a  co*tal  cartilage  has  been  noted  inure  frcuucuLly  near  lite  C4p*1ocbondral  junction. 

Fraclure  at  more  ihnn  unr  point  in  the  same  no  occasionallv  occurs,  and  fmcturrs  of 
ribt  on  both  tides  lie  uot  rare.  TIiuk,  amunK  (lie  ca?e*  nienlionrd  wx*  one  of  a  itian.  ftjxty* 
five  ycar>  of  age,  who,  after  falling  from  a  hcii;ht,  was  found  to  have  sustained  double  fracl- 
ores  of  all  the  true  rib*  on  the  left  tide  and  fracture  of  four  rib§  on  the  right  »ide. 

The  nntoant  of  di^pLacetnent  in  most  casc«  is  insi](nilicanl,  owing  to  the  support  which 
the  adjacent  unbroken  ribi  ^ive  lo  ihe  brnken  one ;  bni  when  *everail  rib*  are  nroken.  m> 
that  the  «ide  unlet  in,  ovenidiog  and  marked  angular  dcfomiily  may  occur.  Incomplete 
fradure  and  fracture  without  complete  laceration  of  the  prrirxlrum  the  writer  believe*  to  be 
not  very  rare,  in  view  of  lh«  climcal  symptoma  occasionally  ub«e[ved,  but  he  has  not  beea 
able  to  verify  tliii  o[>imii»  by  autojviy. 

CoiTMndeiii  injurio  of  ihorndc  or  nbdominal  vi«cera,  or  of  other  portion*  of  ih*  body, 
freiiuently  cunplicaie  fiatlun^  of  Ihe  ribs  beincthr  nnhinil  rt^ult  of  ihe  kind  of  violence 
to  which  rib-frarture  ia  most  fretjucntly  due.  These  coonplicnting  injuriet  are  imporunt 
elements  in  both  prvgoMiS  and  treatment.  Out  of  the  62  ca»c>  alieady  referred  (o.  IC|  died, 
Three  of  these  deubs  were  apparently  dur  m  pmfuse  ininipIeuNi  lilecling  frum  lacerated 
intcrcuvlal  aitcriea ;  3  were  due  lu  laiertiiom  of  ihe  luti|{  and  tn  the  L«>ii>e(|ueHt  intra- 
ihurocic  bemorriiase  and  iniiiiualic  puluiunitit ;  j  were  due  to  uiemia  ftv^m  afj^ravation  of 
pre-eaittiog  cbroolc  Dephrilii ;  2  were  due  to  c<^-incideni  fracture  of  the  ba^te  of  the  tkuli  and 
rerehral  laceration  ;  in  all  the  reiiiaiTiing  vaacs  there  were  ruptures  oi  the  alnluminal  viscera, 
usually  fA  the  liver,  frequently  aitociated  with  multiple  coniunioni  and  frarturcf  in  other  {Miltl 
of  the  body.  lAcemtioii  of  Ihe  pleura  is  Ihe  necessary  cunKi|Ucnoe of  any  notable  displace- 
ment <A  the  fractured  rib-end*.  The  etkct  nf  thi»  ii.  a*  a  rule,  to  produce  oidy  a  cimifn> 
•criU^^l  adhesive  ptcurilis,  but  in  occasional  iiitljiiKes  a  diiTuse  suppuralive  pleutitis  fullowk. 
Il  i^  Inil  Tft'cly  thai  any  consideralile  blccdinf;  fe-4iln  fnnt*  Ucemiion  of  an  inien-oMiil  urteiy; 
in  exceptioiul  insUncea,  however,  seriuiu,  cicu  fatal,  bcmorrliage  inlu  the  plcuntl  catilv  liol 
been  dvw  to  this  Bource.  More  frequenllr  a  hemothorax  is  flue  to  laceration  of  tbc  lon^- 
ti»ae.  More  or  less  laceration  of  a  lung  1*  a  comnKin  result  of  a  cruih  of  the  thorax  ;  Ibii 
may  vary  in  degree  from  a  titniied  contusion  of  the  lung-tissne,  with  a  vanable  degree  of 
intentiliol  ccchymosis,  b»  exlen*ive  tear*  that  declare  thetn*elv«  at  once  by  hemoptyaia,  of 
hemo-  and  pncaawthonx,  and  emphysema,  while  bronchilis,  pneumonia,  or  gangrene  of  the 
lung  are  later  poArible  tc^uelie-     Woundi  of  the  bean  and  great  vessels  have  been  recurdcd. 
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The  symptoms  of  fracture  of  a  rib  consist  of  sharp,  drcumscribcd 
pain  at  the  injured  point,  which  is  aggravated  by  the  movements  of 
respiration  and  by  direct  pressure.  Moreover,  pressure  so  aj^Ued  as 
to  increase  the  arch  of  the  rib,  as  by  compression  made  upon  the 
sternum,  uill  elicit  pain  at  the  injured  point.  Crepitus,  unnatural 
mobility,  and  deformity  may  be  obser\-ed  in  ^-arjing  degree.  These 
signs  will  be  most  easy  to  elicit  when  the  injurj'  is  seated  in  the  more 
superficial  portions  of  the  ribs,  or  when  several  ribs  are  broken.  The 
symptoms  and  results  of  complicating  laceration  of  the  lung  have  been 
already  briefly  stated.  In  this  connection  it  should  be  noted  that  the 
absence  of  the  spitting  of  blood  does  not  absolutely  contraindicate  the 
presence  of  lung-injur>',  while  it  also  may  occur  in  the  absence  of 
laceration  of  the  lung-tissue. 

The  course  of  healing,  in  cases  unaccompanied  by  serious  visceral 
injury,  is  usually  quite  uneventful.  The  movements  of  respiration 
provoke  the  formation  of  an  abundant  ensheathing  callus,  and  rapid 
bony  repair  is  the  rule.  When  several  ribs  have  been  broken,  it  may 
happen  that  the  callus  is  abundant  enough  to  determine  the  formation 
of  lateral  bony  bridges,  welding  them  all  together.  In  the  complicated 
cases,  the  course  will  be  modified  by  the  nature  of  the  other  injuries, 
in  the  presence  of  which  the  rib-injury  becomes  of  but  little  moment. 
The  spitting  of  blood,  provoked  by  laceration  of  the  lung,  in  the  event 
of  the  injury  not  being  severe  enough  to  prove  speedily  fatal,  generally 
ceases,  in  great  measure,  in  the  course  oi  forty-eight  hours,  giving  way 
to  rusty  sputa.  Emphysema  is  a  comparatively  rare  complication,  and 
when  it  does  occur,  even  though  the  extent  of  diffusion  may  be  wide, 
it  may  be  relied  on,  as  a  rule,  to  subside  speedily  and  spontaneously. 
In  the  event  of  serious  embarrassment  from  its  extent  and  persistence, 
free  incision,  sufficient  to  ensure  the  ready  external  escape  of  the  air 
pumped  out  from  the  lungs,  will  cut  it  sliort.  Air  within  the  pleural 
cavity,  entering  through  a  laceration  of  the  lung,  becomes  a  source  of 
danger  only  when  it  has  accumulated  under  pressure  until  it  begins  to 
compress  the  sound  lung  also.  The  establishment  of  an  external  vent 
sufBccs  to  relieve  the  special  danger. 

Bloody  effusion  into  the  pleural  cavity  becomes  a  complication 
requiring  special  attention  In  the  rare  instances  in  which  its  amount  is 
so  great  as  to  compromise  life  by  inducing  acute  anemia,  and  by 
attendant  pressure-dyspnea.  An  effusion  whose  amount  is  not  suf- 
ficient of  itself  to  produce  threatening  symptoms  may,  by  infection,  give 
rise  to  a  later  empyema,  with  its  special  symptoms  and  indications  for 
treatment.  Copious  intrapleural  bleeding  comes  in  most  instances  from 
lung-Iaccrations,  only  rarely  from  lacerated  intercostal  or  mammary 
arteries.  Cases  of  lesion  of  the  heart  or  great  vessels,  quickly  induc- 
ing death,  have  been  recorded.  The  usual  signs  of  progressive  acute 
anemia,  with  urgent  dyspnea,  and  the  physical  signs  of  fluid  in  the 
pleural  cavity,  supervening  upon  the  reception  of  a  blow  upon  the 
thorax,  arc  sufficient  to  indicate  the  nature  of  the  complication.  The 
diagnosis  may  be  corroborated  by  the  use  of  an  aspirator  needle  and 
syringe.  While  serious  hemothorax  is  a  more  frequent  occurrence 
after  compound  fractures  and  penetrating  wounds  of  the  chest,  with  or 
without  fracture,  yet  it  is  an  occasional  complication  of  simple  fracture, 
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and  cannot  be  ignored  in  connection  tlicrcwiili.  The  spontaneous 
rtcovcrics  from  t-xtremi;  liciiiothonix.  whicli  arc  from  time  t<>  time 
reportctl  in  surgical  iiteratiire,  oiiyht  nut  to  be  accepted  as  warranting 
any  dc|>arture,in  dealing  with  intrathoracic  bleeding,  from  the  principles 
of  hemosta:sis  estabhshetl  for  other  parts  of  the  body — viz,,  to  exjKwe 
the  bleeding  vessel  and  to  occlude  it  by  ligature,  compression,  or  cau- 
terization, as  the  conditions  of  the  particular  case  may  indicate.  ']  he 
development  oi  the  symptoms  of  serious  intrathoracic  bleeding  after 
rib-fracture  will  justify  the  surgeon  in  converting  the  simple  into  an 
ojjcn  fracture  by  inci?.ion.  and  the  raising  of  such  a  flap  of  the  chest- 
wall,  by  double  section  of  one  or  more  ribs,  as  will  secure  the  expo.sure 
of  the  bleeding  point  and  render  possible  the  necessary  procedures  for 
its  closure. 

The  treatment  of  the  fracture  itself  is  simple.  Any  displacement 
that  may  not  be  spontaneously  reduced  may  be  corrected  by  sitilablc 
pressure.  In  the  event  of  persistent  depression  which  catises  pain  or 
irritation,  the  depressed  fragments  may  be  drawn  outward  to  their 
proper  level  by  a  hook  introduced  underneath  ihcm  through  a  ^lutici- 
ure  in  the  skin.  The  freedom  of  the  movements  of  the  chest-wall 
should  then  be  restricted  as  much  as  possible  by  encircling  the  thorax 
with  a  broad  strip  of  adhesive  plaster  6  inches  in  width.  This  !()iou]d 
be  applied  during  forced  expiration.  Its  center  should,  as  a  rule,  pass 
over  the  site  of  fracture,  but  its  lower  border  should  not  come  lower 
than  theensifomi  appendix,  lest  it  interfere  with  the  freedom  of  abdom- 
inal breathing.  The  frequency  of  the  respiratory  movements  may  be 
lessened  and  pain  may  be  controlled  by  full  doses  of  opium  during  the 
first  few  days  after  the  accident  By  the  end  of  the  fourth  week  the 
special  bandage  may  be  dispensed  with. 

The  Clavicle.^By  reason  of  its  length,  its  slendcmcsii,  and  its 
function  as  the  medium  through  which  the  root  of  the  upt>cr  extremity 
is  articulated  with  the  trunk,  the  clavicle  is  often  the  auuject  of  fract- 
uring violence,  particularly  in  young  children,  although  no  age  is 
exempt. 

The  most  common  cause  of  the  fracture  is  a  fall  upon  the  hand  or 
elbow,  or  upon  the  projecting  tuberosities  of  the  humerus  at  the 
shoulder.  Tlie  force  in  such  cases  is  transmitted  through  the  glenoid 
cavit>'  of  the  scapula  and  the  coracoclavicutar  ligaments,  and  fmally 
culminates  as  a  twisting  strain  upon  that  [>ortiun  of  the  hone  whicji 
lies  internal  to  the  attachment  of  the  coracoclavicutar  ligament  and 
external  to  that  of  the  costoclavicular  ligamenL  As  a  matter  lA  lact, 
by  far  the  great  majority  of  the  fractures  of  the  clavicle  have  their  scat 
in  the  outer  half  of  the  middle  third  of  the  bone.  When  llie  force  \* 
received  from  behind,  a-i  by  fall*  ujxm  the  outer  and  back  [wrt  of  the 
shoulder,  the  acromion,  violently  driven  forward,  carries  with  it  the 
acromial  end  of  the  clavicle  When  the  free  forward  movcmmt  f»f 
this  portion  of  the  bone  is  arrested  by  its  mu«cular  and  ligamcntoun 
attachment  to  the  trunk,  a  crossbrcaking  strain  is  created,  and  more  or 
less  of  the  acromial  end  of  the  clavicle  may  be  lorn  off  A  fall  tipon 
the  top  of  the  shoulder,  or  a  blow  received  at  that  point  from  a  fitlling 
bod)-,  may  alw*  bj*  direct  force  fracture  the  acromial  mtl  of  the  clavicle- 
Fracture  of  the  outer  end  of  the  clavicle  is  much  Icm  frequent  than 


tion,  is  |)rotlucetI.  Fig.  227  represents  a  specimen  taken  from  a  patient 
of  the  author.  The  man  fell  from  a  rapidly  moving  railroad  car  and 
struck  upon  his  right  .shoulder,  crusliing  the  head  of  the  humerus  and 
the  sternal  end  of  the  clavicle  upon  that  side,  as  shown  in  the  illustra- 
tion. 

The  clavicle  may  l>c  fraclurfd  at  any  pan  of  its  ctmrw  hy  difrct  Slnw»,  hiil  fmcturc  (mm 
tuch  aiu«e  is  aat  CMtimon.  h'nr  ihin  reason,  cuniminutrd  and  cmnpuiuud  fraclure*  arc  rarely 
mrl  with,  uid  Inving  gunstiut  fracturei  uui  i>{  coiisiilention,  injuries  In  ilir  bIiNKl-ve<^«cl9 
and  ncrvM  at  ihc  nx>l  of  the  nrclc  are  cxcc«<IiDt;l>  rare  as  complications  of  fracture  of  ibc 
claWdr.  On  the  olhcr  hand,  tlie  special  mechofiism  vf  Ihc  inilircLt  riaclon;  oflcrti  causes  the 
Itreak  ui  hr  in<.-oraplrlr,  e^mlHlly  wtim  ihc  spongy  and  cln)<tic  clavicle  of  a.  child  is  inmlved. 
Many  cas«s  hav«  been  recorded  tn  which  the  clavicle  ha>.  heeit  hrobcii  by  violent  muscular 
cnnlracii(>n«  nione,  as  in  an  altcmpl  In  lift  ei  heavy  wei|;t)l,  or  to  make  a  sirenuoiu  effort  with 
the  attached  upper  exircinily,  as  in  au  iii->Unce  un^ler  the  wbwrvatiou  of  the  writer,  in  which 
a  yuung  wnmsn,  who  was  baihing  in  the  surf  at  the  seashore,  was  viuU-riily  lifd-d  and  swept 
from  her  feet  by  an  incoming  roller.  While  striving  to  inaimaiii  her  place  by  clintnnj;  l«  a 
6xcd  rope  provided  for  the  purpose,  she  felt  sonielhinK  Rive  way  in  her  neck,  and  afterward, 
upon  eiatninatiun,  wa^  fuund  to  }iiive  ittutained  a  Ivpica)  fracture  of  the  middle  third  of  the 
clavicle. 

In  the  common  break  along  the  middle  third  of  the  bone  in  adults 
the  line  of  fracture  is  generally  oblique,  running  inward  and  downH-ard 
or  backward;  in  cliildren,  tr;in.svcrse  fracture  is  not  uncommon. 
Variations  from  these  more  common   lines  are  not  infrequent. 

A  quite  uniform  displacement  so  often  follows  this  fracture  as  to  be 
characteri.stic  of  it.  The  end  of  the  outer  fragment  .slips  bcliind  and 
below  the  inner  fragment,  so  that  the  end  of  the  inner  fragment  is  tilted 
upward  and  forward,  forming  a  notable  projection  at  the  base  of  tlie 
front  cjf  the  neck.  This  upward  tilting  may  be  increased  by  the 
contractions  of  the  sternocleidomastoid  muscle. 

The  primary  cauvr  of  this  disiilacement  it  the  continued  action  of  the  forces  whkfa  bmic 
the  heme.  The*c  forces,  as  has  been  seen,  may  be  aiTC5te<l  when  the  linne  Is  i^mly  poitiolly 
fractured  *,  a  greater  force  results  in  a  complete  fracture  without  much  displacemeiil ;  a  yet 
greater  force  Ccnnt  the  movable  broken  end  to  a  more  or  less  extent  from  its  fibniuK  and  mu»- 
rular  aitachmenLs,  and  thrusts  it  bncltw.irrl  and  inward  behind  its  sUtionary  fellow.  The 
contraction  of  tlic  musclcti  which  pass  from  Che  Iboras  to  ihe  clavicle,  itcapulit.  and  huinrnix 
lends  to  nuintnin  the  d):tplai^emi-nr.  The  si-npula  glide*  forward  and  somewhat  downward 
upon  ihe  convexity  of  the  thorax,  controlUni!  the  outer  fragment  of  tlic  ttavtcle,  which  a 
bound  to  iL  Conversely,  by  drawing  ibe  scmiihIo  hnckwanl  the  attached  clavicle  fragment 
is  pulled  with  it,  and  OMully  loay  thui  readily  be  made  to  (all  into  proper  relation  with  the 
sicmal  fragnienL 

Fractures  of  the  clavicle  external  to  the  innermost  attachment  of  Ihe  coracoclavJcuUr 
ligomcni  Oiften  display  a  marked  d■^plncemcnt  of  the  scapular  frajjmeiit  forward  nnd  inward, 
even  to  the  extent  of  lorming  a  riKhi  angle  with  the  sienul  fragment,  oa  khown  in  the 
accompanying  illnatntion  (Fig.  228). 


«aS. — Section  showing  the  lelalion  of  the  ftagmenis  after  rraciure  of  the  aenniial  end  of 
the  dEavicle,  healed  tn  diiplacemeni  i  R.  W.  Smith). 

Diagnosis. — ^The  symptoms  produced  by  fracture  of  the  clavicle 
var}'  in  their  severit)'  according  to  the  extent  of  the  displacement  and 
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the  laceration  of  the  soft  j>arts.  Local  tenderness  upon  pressure,  more 
or  less  ecciiymosis,  and  some  restriction  of  the  fix-e  use  of  the  attached 
arm,  owing  to  pain  in  the  neck  caused  by  muscular  efforts,  may  be  all 
that  at  first  allend  the  less  severe  injuries,  in  which  the  break  is  incom- 
])Ielc:  or  not  attendL-Ll  wit))  displaLx-nient.  Within  .i  few  (.l;iy^  the  devel- 
opment at  the  ijijured  point  of  an  easily  rccogni/^ble  mass  of  callus 
will  suffice  to  confirm  the  diagnosis.  In  the  more  common  fracture 
with  dispiaccmcnt,  inspection  of  the  neck  shows  at  a  glance  the  result- 
ing deformity  caused  by  the  projection  of  the  inner  fragments,  and  the 
position  of  the  fragments  and  llieir  unnatural  mobiUty  can  be  readily 
detcnnined  by  the  touch.  A  posture  characteristic  of  the  accident  is 
involuntarily  assumed  by  the  patitrnt  as  he  inclines  his  head  and  neck 
to  ihc  injured  side,  and  supports  the  elbow  and  furiMrm  by  the  hand 
from  the  sound  side.  When  the  dispiaccmcnt  is  reduced,  crepitus  may 
be  elicited.  .The  amount  of  limitation  of  function  displayed  by  different 
individuals  witii  practically  the  same  amount  of  local  injury  \'aries, 
depending  upon  the  sensitiveness  to  pain  which  the  individual  may 
po.s-sess.  The  movenjenls  of  llic  u|iper  cxireniity  c;in  be  made  as  freely 
after  the  accident  as  before,  and  uhaievcr  lunitation  seems  to  be  prcsL-nt 
is  a  voluntar)'  one  on  the  part  of  the  patient,  to  escape  pain.  U|)on 
ciirsori*  inspection,  fractures  near  cither  end  of  the  bone  may  be  mi.s- 
taken  for  dislocations,  but  care  in  examination  will  reveal  the  true 
nature  nf  the  accident. 

Prognosis. — Rapid  repair  with  bony  union  usually  follows  this 
injur}-,  even  in  the  jjresencc  nf  niarkctl  displacement  (see  Kig.  229). 
Kirru  union  by  the  end  of  the  fourth  week  is  the  rule  in  adults.     Cases 

of  non-union  have  been  reported,  but 
in  these  cases  the  usefulness  of  the  arm 
has  been  very  little  impaired.  So  great 
are  the  practical  difficulties  in  over- 
coming the  tendency  to  displacement 
which  marks  the  usual  fracture,  that 
(>erfect  succe.s.'i  In  avoiding  deformit)"  is 
rarely  obtained. 

Treatment. — In  the  cases  of  fracture 
without  displacement,  notably  in  tlie 
incomplete  fractures  of  children,  nothing  more  is  required  than  a 
simple  sling  to  support  the  forearm  and  a  broad  bandage  binding  the 
arm  to  the  thorax,  such  as  may  be  worn  with  comfort,  to  prevent  any 
such  free  use  of  the  arm  as  might  aggravate  the  local  injury.  If  the 
arm  is  not  inserted  into  the  sleeve  of  the  dress  or  coat.  but.  supported 
in  its  sling,  is  fastened  up  within  the  body  of  the  buttoned  or  pinned 
garment,  every  indication  wilt  be  satisfied. 

In  the  frequently  occurring  cases  with  displacement,  the  ingenuity 
of  the  -surgeon  is  often  taxed  to  its  utmost  to  retain  the  fragments  in 
their  proper  position  sufficiently  to  secure  union  without  deformity*;  in 
a  ver>'  large  proportion  of  cases,  despite  every  effort,  notable  defomiity 
persists.  This  is  due  not  to  the  difficulties  in  bringing  the  fragments 
into  proper  relative  i)ostlion,  but  to  the  fact  that  any  efficient  retentive 
bandage  or  apparatus  is  so  irksome  that  it  soon  becomes  intolerable. 
A  multitude  of  different  forms  of  apparatus  have  been  devised,  and  their 
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description  burdens  the  paj^es  of  surgical  treatises;  the  fact  remains 
that  those  whicli  arc  efficient  are  intolerable,  and  lh<jse  which  are  toler- 
able are  inefTiciciil,  and  that,  as  a  rule,  the  good  resuUs  whicli  are 
claimed  from  their  use  could  have  been  equally  well  secured  by  simpler 
means,  or  were  due  to  the  specially  favorable  nature  of  the  particular 
cases.  The  prime  indication  is  to  keep  the  scapula  pushed  well  back- 
ward around  the  convexity  of  the  thorax  toward  the  spine,  and  to  press 
its  posterior  border  closely  a^'aiust  the  ribs.  The  acromion  is  tlius  car- 
ried outward,  and  with  it  goes  the  outer  fragment  of  the  broken  clavicle. 
The  value  of  the  dorsal  decubitus,  unaided  by  ap{»ai'atus  of  any  kind, 
to  secure  thi.s  desired  fixation  of  the  scapula  is  well  established.  To 
secure  its  best  results  the  mattress  must  be  firm  and  even.  A  thin 
pillow  may  be  used  for  the  head  only,  so  as  to  relax  the  slcmoclcido- 
mastoid  muscles.  The  elbow  should  be  kept  close  to  the  side,  while 
the  forearm  nuiy  be  bnmght  over  upon  the  front  of  the  body  and  sup- 
ported there  by  a  suitable  sling.  After  about  two  weeks,  the  processes 
of  repair  will  be  so  far  advanced  as  to  enable  this  position  to  be  dis- 
pensed with,  without  much  danfjer  of  any  later  displacement  occurring. 
A  supporting  sling  and  a  restraining  bandage  should  be  worn  for  another 
two  weeks,  or  until  firm  consolidation  has  taken  place.  It  is  rare,  how- 
e\'er,  that  the  mere  (juestion  of  symmetrical  union  will  be  deemed  of 
enough  importance  by  a  patient  to  induce  him  to  undergo  tlie  irksome 
confinement  of  the  unremitted  dorsal  decubitus  for  the  required  length 
of  time. 

Of  the  various  devices  that  liavc  been  suggested  for  controlling  the 
scapula,  the  one  that  hiLs  given  inc  the  most  satisfaction  Is  that  of  a  pair 
of  stuffed  collars  made  of  a  firm  roll  of  flannel  cox'cred  with  muslin, 
one  encircling  snugly  e;ich  arm  at  the  shoulder.  These  are  connected 
by  a  strap  of  bandage  across  the  back,  by  tiglitening  up  which  the 
scapulx  may  be  pulled  backward  toward  the  spine  with  force  and  held 
there  securely. 

A  mock; rate-sized  pad  is  next  fitted  in  the  axilla  of  the  injured  side, 
not  with  the  idea  of  any  use  as  a  fulcrum  over  which  to  exercise  lever- 
age with  the  arm  to  pry  the  shoulder  out — an  impracticable  notion — 
but  simply  to  afTord  a  more  comfortable  support  for  the  arm  as  long  as 
it  is  lo  be  confined  to  the  side.  Tliis  pad  should  be  held  in  place  by  a 
sufficient  number  of  turns  of  a  roller  bandagr  encircling  the  thorax. 
The  hand  is  now  placed  on  the  front  of  the  chest,  the  forearm  being 
flexed  at  an  acute  angle  with  the  arm,  which  latter  remains  at  the  .side, 
lulling  perpendicularly  from  the  shoulder.  Any  attempt  to  advance  the 
elbow  in  front  of  the  chest  or  to  carry  it  posteriorly  tends  to  shift  the 
acromion  forward,  and  is  therefore  to  be  avoided.  The  dressing  is  now 
coniplctetl  by  circular  turns  of  roller  bandage,  which,  beginning  at  the 
level  of  the  elbow,  bind  arm  an<l  forearm  securely  lo  the  thorax. 
When  the  forearm  has  become  fully  covered  in  by  the  bandage,  the 
head  of  the  roller,  as  it  comes  across  the  back,  i.s  brought  around 
under  the  elbow,  and  thence  directly  upward  over  the  shoulder  of  the 
same  side,  and  down  again  behind  to  the  elbow.  From  three  to  four 
of  these  perpendicular  passes  should  be  made.  By  them  the  horizontal 
turns  are  reinforced  and  fixed  in  position.     Abundant  pins  are  finally 
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introduced  at  points  wlicrc  the  turns  of  bandage  cross  each  other,  arK 
the-  dressing  is  completed. 

Frequent  irispc-ction  and  readjustment  of  apparatus  is  especially 
necessary  in  the  treatment  of  fracture  of  the  clavicle.  By  the  fourth 
week  the  consolidation  is  usually  so  firm  that  special  apparatus  may 
be  discontinued  and  the  arm  entrusted  to  a  simple  sling,  which,  after 
another  fortniglit,  may  be  cast  aside. 

Exposrtrc  of  tlie  seat  of  fracture  by  incision,  replacement  of  the 
fragments  in  pro[H:r  position,  and  fastening  them  together  by  sutures 
or  dowel  pi]i,  may  become  necessary  in  those  rare  cases  in  which  either 
other  means  have  failed  to  overcome  the  tendency  to  displacement,  or 
it  is  especially  important  to  avoid  deformity,  or  the  symptoms  of  press- 
ure upon  blood-vessels  or  nerves  exist,  or  penetration  of  the  skin 
threatens  or  has  already  taken  place. 

The  Scaptila. — Most  fractures  of  the  scapula  arc  due  to  direct 
violence,  but  the  nioIiilit>-  .uul  ilu-  miiscular  paddings  of  the  bone,  and 
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the  elasticity  of  the  thorax,  against  which  it  rests,  cause  its  fracture 
from  any  cause  to  be  a  rare  occurrence.  The  processes  which  enter 
into  the  mechanism  of  the  shoulder  may  be  fractured  indirectly,  also, 
by  violence  transmitted  through  the  humenis,  the  chipping  away  of 
more  or  less  of  the  rim  of  the  glenoid  cavity  (Fig.  232)  being  the  most 
frequent  of  the  indirect  injuries;  and  when  this  occurs,  it  is  usually 
associated  with  dislocation  of  the  head  of  the  humerus. 

Cases  have  been  reported  in  which  the  coracoid  process  was  torn 
off  by  muscular  contnjctinn  alone.  The  acromion  process,  by  its 
prominence,  is  especially  exposed  to  vulncrating  influences,  and  its 
fracture  is  of  nearly  equal  frequency  with  that  of  the  body  of  the  bone. 
As  in  the  case  of  all  fractures  from  direct  violence,  such  injuries  of  the 
scapula  arc  little  susceptible  of  s>'stematic  classification ;  any  jwrtion 
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of  the  bone  may  be  fractured,  and  widely  varying  degrees  of  commi- 
nution and  of  injury  to  the  overlying  soft  parts  will  exist. 

Displacement  or  \\\t  TngiD'ents  to  a  noticeable  extent  i<t  not  ustul  in  the  injarie^  of  the 
body  of  (he  bone,  nnd,  wh«n  prescni,  is  thr  imm«liA(e  result  af  the  vitilence  »uMaine«l  rnlhet 
thnn  of  tnuHCuUr  contmction  ;  h«nc«*  it  is  noi  api  lo  recur  after  replii cement  hy  ^liuble 
m&aipul&tioa.  An  exception  to  this  «tntetn«n[  i*  lo  be  noted  when  n  small  portion  ni  the 
posterior  etijjr  cir  of  the  luperior  nngl*-  is  liniken  ofl,  ih*  unopposed  aclinn  "t  ihe  rhombotds 
cr  of  Ihc  levator  an^uli  Kapulji:  bcinu  (ufficicnt  to  cauw  co[i»ider»ble  di»pliiccmen[  of  the 
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FtG.  831.— Fnctures  through  the  rim  of  the  glenoid  cavKy  (Gurit). 

fngntents  lo  which  Ihe^  may  be  attached.  When  tlie  acromion  is  broken  off,  the  deltoid 
tends  to  draw  the  fragment  di>wnwnnt  am)  m  flnlten  Ihc  shoulder;  after  coracoid  fractwre, 
di* placement  may  be  limitol  hy  tin-  still  intact  coracoctavicular  li^Amentv  Fracture*  invoiv. 
ing  the  ^{leiuiid  cavity,  including  fmcturcs  uf  tbc  neck  of  lite  Mrnpula  by  wliich  n  fragmeiil, 
including  the  whole  articultiimK  cariiy,  \%  broken  off,  exhibit  the  most  marked  displacctncni, 
since  the  scapular  fragnienl  folLows  the  hcnd  of  ihe  humenu. 

The  diafrnosis  will  be  based  on  the  presence  of  the  usual  signs  of 
fracture,  which  ordinarily  are  readily  apparent  upon  examination. 
Dtfiictilly  may  attend  the  recognition  of  tbc  injuries  nf  the  glenoid 
rim  and  of  the  neck  of  the  scapula,  on  account  of  the  resemblance 
which  its  conditions  present  to  that  of  dislocation  of  the  humerus, 
which  may  also  be  present  as  a  complication.  When  a  small  portion 
of  the  glenoid  rim  is  chipped  off  in  connection  with  a  dislocation,  it 
may  escape  recognilion  altogether,  unless  in  the  manipulations  for 
reduction  crepitus  should  be  noticed.  The  absence  of  signs  of  a 
more  extensive  injury  of  the  scapula  or  of  the  humerus  would  indi- 
cate the  particular  lesion  that  had  occurred.  When  the  fragment  that 
has  been  split  off  involves  a  considerable  portion  of  the  glenoid  cavity, 
as  in  Fig.  331,  the  head  of  the  humerus  and  the  fragment  will  slip  away 
from  the  scapula  nito  the  axilla,  the  condition  simulating  a  dislocation. 
The  displacement  is  easily  remedied  by  properly  applied  pressure,  but 
it  at  once  recurs  when  support  is  withdrawn  ;  crepitus  may  be  elicited 
during  the  manipulations.  The  same  symptoms  will  attenil  a  fracture 
of  the  neck  of  the  scapula,  which  passes  posterior  to  the  base  of  thecora- 
coid  process,  if  the  coracoclavicular  ligaments  have  been  torn,  but  they 
may  be  distinguished  by  the  fact  that  in  the  latter  condition  the  cora- 
coid  pnxess  follows  tlie  movi-ments  of  the  humerus,  while  in  the 
former  condition  it  nioves  with  tht;  scapula.  The  contour  of  the 
shoulder  is  markedly  flattened  in  both  conditions,  and  by  this  fact 
they  are  difTerentiated  from  fractures  of  the  neck  of  the  humerus, 
which  arc  not  attended  with  loss  of  the  normal  rotundity  of  the  part. 


544 


INTER XATIONAL    TEXTBOOK  OE  SURGERY, 


"^ 


Rapid  bony  repair  is  the  rule  in  fractures  of  the  scapula,  except 
when  the  acromion  or  the  coracoid  process  is  the  part  broken  off,  in 
which  cases  ligamentous  union  is  common. 

The  treatment  consists  in  the  adjustment  of  the  fragments  by 
manipulation,  followed  by  fixation  of  the  scapula  by  an  arm-and-bady 
bandage.  In  general,  the  bandage  that  has  already  been  described  in 
connection  with  fractures  of  the  cl;ivic!e  will  be  most  suitable  for  fract- 
ures of  the  scapula  also,  the  shoulder-collars  being  omitted.  The  band- 
age of  Velpeau  will  also  answer  well,  except  in  cases  in  which  the 
posterior  border  is  torn  off. 

The  Hutnems* — I'Vacturcs  of  the  humerus  naturally  group  them- 
selves, according  to  the  location  and  relations  of  the  part  of  the  bone 
injured,  into  fractures  at  the  shoulder,  fractures 
of  the  arm  proper,  and  fractures  at  the  elbow. 
Notable  differences  characterize  injuries  in  these 
three  regions  as  to  the  methods  of  their  pro- 
duction, their  course,  their  consequences,  and 
their  treatment. 

The  shoulder-injuries  comprise  all  the 
fractures  involving  the  part  of  the  bone  abm-e 
the  insertion  of  the  axillar>'  muscles.  The 
head,  the  anatomical  neck,  the  two  tuberosities, 
and  the  surgical  neck  fall  within  this  limit,  and 
in  youth  the  irregular  epiphyseal  line  is  also 
included.  Fractures  of  this  portion  of  the 
humerus  result  from  falls  upon  the  shoulder 
or  impact  of  falling  bodies  against  it.  and. 
according  to  the  nature  and  direction  of  the 
crush,  the  extent  of  injury  may  vary  from  a 
longitudinal  fissure  of  limited  extent,  which 
during  life  may  be  indistinguishable  from  a 
mere  contusion,  to  a  comminittion  of  the  whole 
upper  part  of  the  bane  by  miiliiple  radiating 
lines  of  fracture,  with  impaction  of  fr3j;ments  into  eacli  other  or  with 
marked  displacement.  Figs.  232  and  233  show  examples  of  the  more 
severe  forms  of  fractures  at  the  shoulder. 
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Fracture  through  the  surgical  neck  is  by  TitT  ilie  most  frequent  'break  in  ihU 
ngiaii,  mid  is  wi'li  tcftn-mr  l"  <>iliit  ft.u  Miii\  itf  tlie  lntnirni.s.  n  trimlivrly  cuninHin  Bcd- 
denL  TTju*.  of  20^  fraclure*  of  (h^  hunipni-  t-ynriinrrl  by  HBmillnti.  44  were  at  or  neat  iHe 
suif;in1  neck.  6  wctr  Mijiptiwd  l«  l>c  c|M(iUj->cal  >r[inrHlii>ni,  onlr  J  wu»thouKlil  tube  a  frect- 
nre  at  or  near  ihe  anatomical  neck,  with  itnpaclion  and  splilting  of  (he  tubercles,  and  I 
was  a  fracture  of  the  greater  lutwrcte  ulune.  'riirnc  tigurc*.  wbicl)  in  general  ere  in  accvfd 
with  the  observaiions  of  oiliers,  serve  to  sliow  Ixilh  llie  fretjucncy  of  bfeaks  ihruu);h  ihe 
surgical  neck  and  the  niniy  \A  recognizable  frnciiLTe*  thrnuf;h  that  (Mtrt  of  the  bone  iibove 
tile  rpii)!iy8eal  line.  There  is,  however,  a  much  Rrealer  pmpoition  of  caves  in  which  ihe 
be.id  (>[  the  bnmeru*  h»  bivn  Kcvcfcly  conlu'srd,  and  in  which  a!i(kiiii>1i  h<*^\  ilefonnity  and 
[itepitus  uie  absrnl.  m>  that  a  iHisitive  dia^fnutiti  uf  fracture  cannot  be  innde.  yel  the  pcrMSl 
ence  of  pain  and  mUM:n1nr  n)pclity  and  the  Incatrnn  and  extent  of  ihe  crehrrnrtw*  srr  «irh 
B»  V>  warrant  the  diagnusis  of  incomplete  fracture,  or  of  fissure,  or  of  fiaciure  in  which  the 
conliiinhy  of  Ihelxine  is  tnainlnined  by  unium  perioMeum,  with  I'l  without  slight  impoclion. 
T)ic  rirpaii  of  these  fraduie^  is  »o  complete  that  their  traces  arc  too  di^ht  to  arrcftt  aUen- 
tion  when,  in  aficr  year*,  tht  subjccti  come  In  the  dis-^erlint  table,  anil  thu<  they  are  ahsent 
from  museum  nhclvr*  and  iln  not  enter  into  dntislics.  tig.  234  «h<>w»  n  case  in  puinl  of 
fracture  limited  to  the  tuben'sities  with  a  >Jight  degree  uf  imimction.  which  iniglil  ha<^e 
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r9c»p«l  recognition  <luring  life  had  not  ihe  fraciun  l>ecn  RModitei)  wild  .i  ccifpouod  di»l«?- 
laiion  of  ihc  bcAd  of  che  humpnt*.     The  caw  is  irt^rdcd  hv  Rnnlcnhcuer' 


Fig,  aj3- — ConmiDutcd  Iracturr  nf  the  head  of  the  humemt:  pnmarr  line  of  ftnctarr 
■hritugh  auabifnidl  ticck.  secondary  s|ilillme  away  of  the  grcai  lubetotily  (photocrsph  from 
spccimcD  in  Museum  o(  ibc  M.  1^  llo^HUl,  Urooklyn). 

In  fractures  of  the  head  of  the  humerus  the  line  of  separation,  as  a 
rule,  runs  irrcjjularly,  jmssihiy  tiiruuyli  [xirt  of  \Xs  counn:  within  the 
caj>sule,  followinj^  (he  anatoniical  neck, 
and  then  iliverj^in'^  into  the  rc^ilon  of  the 
tuberosities  (see  Fig.  233).  More  or  less 
splintcrinjr  of  the  expanded  upper  end  of 
Ihc  shaft  is  common.  The  habiliiy  to 
impaction  has  already  been  alhided  to. 
In  tlic  greater  number  of  cases  the 
fragments  are  not  entirely  separated, 
but.  in  addition  to  some  dc^^rce  of  im- 
paction, are  more  or  less  closely  held 
together  by  untom  periosteum  and  the 
fibrous  tissue  of  the  capsule  and  tendon- 
sheath  that  invc-ls  the  jwrt. 

A  portion  nf  cither  tuberosity  i-s  oc- 
casionally torn  off  as  a  ynvrX.  of  the  injuf\' 
accompanying  a  di.sl(Kation,  the  greater 
lubcrosKy  being  the  part  most  frequently  injured.     A  similar  injury  tP 
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a  tuberosity  has  resulted  from  violent  muscular  effort  alone.  In  fract- 
ures below  the  tuberosities  through  the  surgical  ncxrk,  the  displacement 
is  also  often  incomplete,  owing  to  the  frequency  of  3  transverse  or  den- 
tated  line  of  fracture  and  the  thickness  of  the  fibrous  tissue  which 
invests  the  bone  here. 

When  complete  displacement  does  occur,  the  upper  end  of  the 
lower  fraf^'Hient  is  commonly  drawn  forward  and  upward  toward  the 
coracoid  process,  where  it  forms  a  prominence  that  can  both  be  felt 
and  seen.  A  backward  displacement  may  result  from  the  special 
direction  of  the  force  to  which  the  fracture  may  have  been  due.  At 
any  age  up  to  the  twentieth  year  the  line  of  fracture  may  run  through 
the  epiphyseal  cartilage.  When  complete  disjunction  of  the  epiphysis 
is  produced,  the  upper  end  of  the  diiiphysis  is  usually  displaced  for- 
ward, making  a  noticeable  projection  in  front  of  the  shoulder.  The 
upjjcr  surface  of  this  projecting  bfnie  1^  smoother  and  more  rounded 
than  the  irregular  or  dentated  cn<i  of  the  lower  fragment  left  after  the 
common  fracture  of  the  surgical  neck.  The  condition  may  be  mistaken 
for  a  forward  dislocation  of  the  head  of  the  humerus,  until  more  full 
examination  shows  that  the  rotundity  of  the  shoulder  lias  not  been  lost, 
and  that  the  head  of  the  humerus  is  still  present  in  the  glenoid  cavity. 
The  epiphyseal  fragment  may  be  rotated  by  the  muscles  which  are 
inserted  into  its  tuberosities,  imtil  its  under  concave  surface  looks  for- 
ward and  outward.  Efforts  to  bring  the  epiphysis  and  diaphysis  into 
their  normal  relations  arc  habic  to  be  ineffectual,  owing  to  the  mobility 


Fic.  335.  Fn;,  »j6. 

Fms.  535.  936, — Fracturr  of  the  head  nf  the  Immcrut  ihrouuh  cpiphv^Ml  line  (Wliir- 
lon),  Fig.  935  show>  ihc  tvtatlun  of  tli«  rragitiirnu  Inimcdiiucir  after  the  fucident;  Fie.  siA 
shows  Ihc  condition  cm«  yenr  Uter:  con&oli(biti(m  Willi  defarmity  txktagntphs  \r/  Goodspeed). 

of  the  epiphyseal  fragment  and  tlie  tendency  of  the  projecting  anterior 
edge  of  the  upper  end  of  the  diaphysis  to  become  entangled  in  the 
concavity  of  the  upper  fragment  (Figs.  235.  236). 

Diagnosis. — It  is  evident  from  the  statements  in  the  preceding  para- 
graphs that  in  many  cases  the  exact  differential  diagnosis  of  fractures 
of  the  upper  extremity  of  the  humerus  is  difficult  and  in  some  cases 
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impossible,  a  probable  or  approximate  diagnosis  being  the  most  to 
which  a  prudent  surgeon  should  commit  himseir.  Fractures  uithout 
notable  dispUcemcnt  and  fractures  with  impaction  give  symptoms  that 
are  not  to  be  positively  distinguished  from  those  of  contusion  without 
fracture,  as  long  as  the  surgeon  refrains  from  such  forcible  manipulations 
as.  by  breaking  up  impaction  and  rupturing  previously  untom  periosteal 
and  fibrous  bands,  might  succeed  in  eliciting  crepitus  and  producing 
recognizable  di'ipiacement.  On  the  other  hand,  the  injunction  cannot 
be  made  too  emphatic  that  such  forcible  mani|)ulation.s  for  the  purpose 
of  reaching  a  positive  diagnosis  should  never  be  resorted  to.  The 
swelling  of  the  overlying  soft  parts  may  be  such  as  to  obscure  signs 
that  might  otherwise  be  distinguishable.  In  the  examination  of  all 
shoulder-injuries,  ail  clothing  sliould  be  removed  from  the  upper  part 
of  the  body,  so  as  to  permit  a  careful  inspection  of  the  injured  [lart  and 
its  compiirison  with  the  sound  side  by  sight,  touch,  and  measurements. 
Dislocation  at  the  scapulohumeral  arriculation  is  first  to  be  excluded  by 
determining  the  presence  of  the  head  of  the  humerus  in  the  glenoid 
cavitj'.  In  rare  instances  there  occur  simultaneous  dislocation  and 
fracture,  in  which  cases  examination  reveals  not  only  the  absence  of 
the  head  of  the  humerus  from  the  glenoid  cavity  and  its  presence  in 
an  abnormal  situation,  but  also  the  'Special  signs  of  fracture.  Swelling. 
tenderness  on  prc>ssurc-,  pain  on  motion,  muscular  spasm,  and  ecchymo- 
sis  arc  common  to  all  Injuries;  but  when  they  occur  at  the  shoulder 
after  an  injury  to  the  head  of  the  humerus,  in  the  absence  of  disloca- 
tion, if  they  are  persistent  and  deep-seated,  and  especially  if  the  ecchy- 
mosis  is  extensive  and  is  effused  beneath  the  deeper  planes  of  tissue,  a 
probable  diagnosis  of  incomplete  fracture,  or  of  fracture  with  impac- 
tion, is  warrantable.  If  by  careful  manipulation,  combining  traction 
with  rotation,  crepitus  is  elicited,  the  diagnosis  is  made  positive.  When 
there  is  no  impaction  and  the  fracture  is  complete,  the  deformity  from 
displacement,  the  false  point  of  motion,  and  the  crepitus  may  combine 
to  declare  unmistakably  the  exact  nature  of  the  injury. 

The  prognosis  in  the  case  of  these  fractures  of  the  humerus  at  the 
shoulder,  so  far  as  union  of  the  fracture  is  concerned,  is  almost  invari- 
ably good.  In  the  cases  of  impaction,  consolidation  of  the  fragments 
in  their  new  relations  occurs  quickly;  in  fracture  with  imperfectly 
reduced  displacement,  abundant  callus  forms  a  firm  bond  of  union; 
but  in  both  classes  the  irregular  position  of  the  fragments  and  the 
possible  formation  of  osteophytic  masses  may  limit  the  motions  of  the 
shoulder-joint,  and  even  in  the  absence  of  such  bony  obstacles  to  free 
motion,  intra-articular  fibrous  adhesion  and  thickening  and  contracture 
of  the  |)eri-articular  tissues  may  greatly  limit,  and  even  totally  destroy, 
the  function  of  the  joint.  Atrophy  of  the  shoulder-muscles  i.s  the 
rule,  and  in  some  cases  it  is  very  notable.  In  the  more  favorable  cases, 
the  stiffness  of  the  joint  and  the  muscular  atrophy  are  gradually  over- 
come, and  complete  disappearance  of  all  disability*  results. 

Treainient. — Impacted  fractures,  incomplete  fractures,  and  fractures 
u-ith  little  displacement  require  simply  that  the  parts  should  be  immob- 
ilixed  and  supported  by  a  broad  bandage  confining  the  injured  arm  to 
the  side  of  the  chest,  while  the  hand  and  wrist  are  supported  in  a  sling. 
Should  the  primary  swelling  and  pain  attending  the  injury  be  marked, 
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they  should  be  allayed  by  rest  in  bed,  and  the  application  for  a  few 
days  of  an  ice-bag  or  cvaporatiiifi  lotions  to  the  shoulder.  After  the 
first  week,  the  muscles  of  the  shoulder  should  be  gently  massaged  daily, 
each  seance  continuing  from  fifteen  to  t^venly  minutes,  for  the  purpose  of 
minimizing  musciiliir  atnijihy  and  joint  stiffness.  At  the  beginning  of 
ihd  third  week,  careful  passive  motions  at  the  shoulder  in;iy  be  begun, 
motion  bcinp;  never  forced,  but  only  carried  each  time  through  such  a 
range  as  prnvnkcs  neither  pain  nor  muscular  spasm.  At  the  end  of 
the  fourth  week,  the  restraining  body-bandage  should  be  discarded  and 
active  movements  begun. 

fracluris  -zcifk  tiispiacemcnt  at  ike  surgical  ncek  nr  through  the 
epiphyseal  line  must  first  be  reduced  by  traction  and  manipulation. 
The  peculiar  entanglement  of  the  diaphysis  in  the  hollow  of  the  rotated 
epiphysis,  in  cases  of  epiphyseal  .separation,  may  require  for  its  relief, 
as  has  been  pointed  out  by  Moore,  that  the  arm  should  be  carried 
upward  and  forward  to  the  perpendicular  line,  while  traction  and 
m.i.nipulation  are  made  to  bring  the  fragments  into  prnper  apposition. 
The  arm  is  then  to  be  carefully  brought  down  to  the  side  of  the  body 
arni  dressed  as  an  ordinary  fracture.  In  the  nire  instances  in  which  the 
fracture  is  complicated  with  dislocation  at  the  shoulder-joint,  the  dislo- 
cation must  first  be  reduced,  the  dislocated  fragment  being  exposed  by 
incision,  and  replaced  by  a  combination  of  pressure  and  traction  through 
hooks  and  forceps. 

For  the  further  protection  and  immobilization  of  the  fracture  a  splint 
composed  of  several  thicknesses  of  towelling  or  canton  flannel  saturated 
with  plaster  of  Paris  should  be  moulded  To  the  shoulder  and  outside 
of  the  arm,  down  to  the  condyle.  This  splint  should  be  made  to 
extend  well  over  the  top  of  the  shoulder  as  a  cap.  Between  the  inside 
of  the  arm  and  the  wall  of  the  thorax  should  be  placed  a  compress 
extending  up  into  the  axilla,  where  it  should  be  thickened  sulTiciently 
to  fill  its  hollow,  but  not  enough  to  exert  any  tension  on  the  a.xillary 
muscles.  This  compress  should  bu  fixed  in  position  by  adhesive  .strips, 
or  a  turn  of  bandage  encircling  the  thorax;  the  arm  with  its  external 
plastic  splint  should  then  be  secured  to  the  side  o{  the  thorax  by  a 
sufficient  number  of  turns  of  a  broad  roller  bandage,  which  should  in 
its  application  begin  at  the  lower  part  oi  the  humerus  and  gradually 
ascend,  until  it  has  reached  and  covered  in  the  shoulder.  No  attempt 
to  immobilize  the  elbow-joint  should  be  made,  and  the  anterior  half  of 
the  forearm  is  to  be  supported  by  a  sling,  so  that  the  natural  extension 
exerted  by  the  weight  of  that  portion  of  the  exlrcmitj'  below  the  fract- 
ure may  not  be  interfered  with.  Such  readjustments  of  dressings  will 
be  made  from  time  to  time  as  may  be  required  for  the  comfort  of  the 
patient  and  the  continued  control  of  the  fracture.  Early  resort  to 
mas.sage  is  not  so  important  as  in  the  fractures  of  the  head  of  tlic  bone, 
and  it  usually  should  be  deferred  until  the  third  week.  Passive  move- 
ments niay  be  begun  at  the  end  of  the  fourth  week,  and  active  move- 
ments will  be  resumed  whenever  examination  shows  firm  consohdation 
to  have  taken  place. 

Fractures  of  the  shaft  of  the  humerus,  the  lower  limit  of  the  shafl 
being  considered  as  the  beginning  of  the  widening  and  flattening  of  the 
bone  about  2  inches  above  the  trochlear  sudace,  may  present  in  dificr- 
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cnt  cases  every  variety  of  break  and  every  form  of  displacement  that 
may  occur  in  long  bones.  Direct  violence  is  the  most  frequent  cause, 
but  breaks  due  to  indirect  violence  arc  not  infrequent,  while  occasional 
cases  arc  attributable  to  muscular  strain  alone.  The  character  of  dis- 
placement is  determined  largely  by  the  direction  of  the  original  break- 
ing force,  but  muscular  contraction,  also,  is  active  in  niodifyin}j  it. 
dificring  in  directiun  and  power  according  to  the  relati'tn  of  the  scat  of 
fracture  to  the  muscular  attachments  and  to  the  obliquity  of  the  fracture 
itself.  Injury  to  the  brachial  blood-vessels  may  complicate  the  fracture, 
either  as  the  result  of  the  primary  violence,  or,  later,  from  the  pressure 
of  a  projecting  fragment.  Such  injur)'  is  fortunately  rare,  but  as  it  may 
be  the  cause  of  gangrene  iti  the  distal  part  of  the  extremity,  its  possi- 
bility should  be  kept  in  mind  in  cases  of  crushing  injuries  of  the  arm, 
lest  blame  for  the  sitbscc|uent  unavoidable  gangrene  should  be  improp- 
erly imputed  to  the  treatment  used.  In  like  manner,  the  principal 
nerve-trunks  may  be  injured.  The  musculospiral  nerve,  from  its  close 
relation  to  the  bone  through  so  large  a  part  of  its  course,  is  especially 
cxpf>sed  to  such  injury,  ur  is  liable  later  to  become  enclosed  and 
compressed  by  exuberant  callus. 

The  diagnosis  of  fracture  of  the  shaft  presents  n<i  difficulties  ;  tlie  Ij'p- 
ical  signs  of  fracture  declare  themselves  to  the  most  casual  examination. 

The  prognosis  should  always  be  guarded,  for  although  in  most  cases 
strong  consolidation  of  the  fracture  occurs  as  soon  as  in  otiier  long 
bones,  yet  failure  of  bony  union  is  more  frequent  in  this  region  than  in 
any  other  part  of  the  skeleton,  except  the  [>atella,  Agncw,  in  his 
treatise  on  surgery,  gives  ihe  results  of  a  searcii  through  literature  for 
reports  of  cases  of  ununited  fracture.  Of  the  cases  collated  by  him, 
the  more  important  regions  give,  of  the  bones  of  the  forearm,  76  cases ; 
of  the  thigh.  1  51  ;  of  the  leg,  180;  of  the  :inn,  219.  Various  reasons 
have  been  suggested  in  explanation  of  this  special  frequency  of  repara- 
tive failure  in  the  humerus,  but  it  is  not  necessary  to  go  further  than 
defective  immobilization,  due  to  common  methods  of  treatment,  whereby 
the  lower  fragment  and  the  forearm  are  converted  into  a  continuous 
long  lever,  the  inevitable  frequent  movements  of  whose  distal  end  arc 
transmitted  to  the  point  of  fracture,  and  arc  not  controlled  by  sufficient 
firmness  or  extent  of  grasp  of  the  dressings  upon  the  upper  fragment. 
Some  shortening  ts  inevitable  in  oblique  fractures,  but  of  itself  is  of  no 
importance,  since  it  does  not  interfere  with  the  normal  function  of  the 
arm.  Rotarj-  displacement  is  of  more  importance,  but  can  be  guarded 
against  by  observing  the  precaution,  when  applying  the  dressings,  to 
see  that  a  line  drawn  from  the  greater  tuberosity  to  the  external  concfylc 
Is  parallel  to  the  axis  of  the  shafl  of  the  bone. 

Trtatment. — Reduction  of  any  displacement  is  first  to  be  secured  by 
extension  and  manipulation  ;  when  the  break  is  attended  with  extensive 
bruising  of  the  soft  parts,  as  is  not  infrequently  the  case  in  fracture  from 
direct  violence,  the  patient  should  be  kept  in  bed,  while  the  arm  is  sup- 
ported on  pillows  and  an  evaporating  lotion  kept  applied  to  the  injured 
area  until  the  primary  swelling  has  begun  to  subside — a  period  ordi- 
narily of  from  five  tn  eight  days.  Meanwhile,  the  signs  of  serious 
injury  to  blood-vessels  or  nerve-trunks  should  be  sought  for,  and,  if 
found,  the  special  treatment  indicated  for  the  particular  injury  resorted 


5  so 


INTERNATIONAL    TEXTBOOK  Of  SURGERY. 


to.  If  the  blood-supply  to  the  di'stal  part  of  the  extremity  is  found  to 
be  compromised,  all  dressings  that  may  produce  constriction  or  pressure 
must  be  absolutely  discarded. 

Signs  of  finger-  and  wrist-paralysis  should  be  carefully  sought  for 
both  in  the  primary  examination  in  every  case  of  fracture  of  the  humerus 
and  at  the  later  dressings,  for  nerve-injury  is  more  fret|utMUly  t)ccasinne(l 
by  later  pressure  from  a  displaced  fragment,  or  by  involvement  in  the 
exuberant  callus  attending  imperfect  reduction,  or  by  the  pressure  of 
the  dressings  applied,  than  by  the  original  fracluring  force.  The  rear- 
rangenient  of  dressings  to  avoid  pressure,  and  whatever  procedure  may 
be  required  to  secure  a  more  complete  restoration  of  the  pro|>er  relations 
of  ihc  fragments,  even  to  incision  and  suture  if  necessary,  .should  follow 
at  once  the  discovery  of  signs  of  nerve-pressure.  In  cases  of  later 
imprisonment  in  callus  or  cicatricial  tissue,  the  nerve  should  be  relieved 
by  operation  at  the  earliest  possible  moniciit 

lmmobiltz;ilion  at  the  seat  of  fracture  at  any  point  along  the  shaft  is 
best  secured  by  utilizing  the  wall  of  the  thorax  as  an  internal  splint, 
bandaging  the  arm  to  it,  The  movements  of  respiration  and  the 
unavoidable  bendings  of  the  trunk  do  not  create  such  motion  at  the 
.seat  i>r  fracture  as  to  disturb  the  progress  of  repair.  Between  the 
thoracic  wall  and  the  arm  should  be  interposed  a  soft  compress,  which 
should  be  graduated  in  thickness  at  various  parts,  so  as  to  fill  up  the 
intervening  space  fully  and  afford  even  support  to  the  humerus.  To  the 
outside  of  the  arm.  from  shoulder  to  elbow,  should  be  moulded  the 
plastcr-of-Paris  splint  described  in  the  preceding  section.  In  eases  of 
fracture  at  the  middle  of  the  .shaft,  a  coaptation  splint  of  wood,  long 
enough  to  reach  from  axilla  to  condyle,  and  of  a  breadth  slightly 
exceeding  the  diameter  of  the  arm.  well  padded  with  cotton  wool, 
should  be  adjusted  to  the  inner  side  of  the  arm,  and  secured  in  place 
by  three  strips  of  adhesive  plaster  made  to  encircle  the  external  plaster 
splint.  The  arm  is  now  to  be  bandaged  to  the  side  of  the  thorax  by  a 
)ller  which,  beginning  just  above  the  elbow,  gradually  ascends  with 
iccessive  turns  until  it  has  enclcjsed  the  shoulder.  The  forearm 
should  then  be  brought  in  front  of  the  chest  at  a  slightly  acute  angle, 
the  comfort  of  the  patient  being  consulted  as  to  the  exact  position,  and 
fixed  in  place  by  a  separate  roller,  which  should  cover  in  only  the 
anterior  half  of  the  forearm.  By  this  dressing  the  elbow  is  left  uncov- 
ered, any  tendenc)'  to  press  the  lower  fragment  upward  is  avoided,  and 
the  use  of  the  weight  of  the  forearm  for  continuous  extension  is  in 
some  degree  presciTed,  Should  marked  shortening  persistently  recur 
after  reduction,  this  natural  extension  force  can  be  increased  by  slinging 
such  amount  of  weight  from  the  elbow  as  may  be  necessary  to  over- 
come the  tendency  to  shortening.  In  fractures  through  the  lower  third 
of  the  shaft,  the  lower  fragment  is  apt  to  be  tilted  forward  by  the 
action  of  the  triceps  muscle  and  the  weight  of  the  forearm.  To  over- 
come this  tendency  it  i";  necessary  to  place  the  elbow  at  a  more  acute 
angle  for  the  first  two  weeks. 

Non-utiiofi. — Shtiuld  firm  union  fail  to  be  secured  by  the  treatment 
described  by  the  end  of  .six  weeks,  massage  and  hammering  over  the 
site  of  the  fracture  may  be  applied  twice  each  week,  the  immobilization 
of  the  parts  being  maintained  in  the  intervals.     If,  after  from  four  to 
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*ix  weeks  of  this  s|>ccial  treatment,  union  j.s  still  delayed,  the  fracture 
should  be  exposed  by  suitable  incision  in  the  long  axis  of  the  limb, 
and  the  ends  of  the  bones  freshened  and  dovetailed  into  each  other 
and  fastened  together  by  heavy  silver-wire  sutures.  A  more  exact 
retention  of  the  bone-ends  in  apposition  cm  be  secured  by  the  device 
of  White,  who  used  a  steel  plate  \  inch  wide  antl  3  inches  in  length, 
pierced  by  two  screw-holcs  in  each  half  This  plate  is  placed  upon 
the  surface  of  the  apposed  denuded  bone-fragments,  and  secured  by 
screws  which  are  driven  into  holes  in  the  bone  made  by  a  drill.  At 
the  end  of  six  or  eight  weeks,  the  suft  parts  are  again  dividetl  suf- 
ficiently to  enable  the  surgeon  to  remove  the  screws  and  withdraw  the 
plate.  In  all  these  procedures  siiecial  care  is  re(|uired  to  avoid  injury 
to  the  main  vessels  and  nerves  of  the  arm. 

Fractures  ol  the  lower  extremity  of  the  humerus  are  of  frequent 
occurrence,  both  from  the  direct  force  of  falls  upon,  or  blows  received 
by,  the  elbow,  and  the  indirect  force  of  falls  upon  the  outstretched 
hand.  They  arc  especially  frequent  during  childhood.  The  line  of 
fracture  may  extend  transversely  above  the  condyle  or  through  the 
epiphyseal  line  in  youuij  subjects ;  it  may  be  limited  to  the  chipping 
away  of  a  small  fragment  of  either  condyle,  or  the  fracture  may  sepa- 
rate the  entire  mass  of  the  condyle  and  open  into  the  cavity  of  the 
elbow-Joint.  By  the  comminution  of 
the  lower  fragment  a  transverse  siipra- 
condyloid  fracture  may  communicate 
with  the  elbow-jnint  through  a  longi- 
tudinal line  of  fracture  {Fig.  237).  Dis- 
location of  the  ulna  or  radius  at  the 
elbow  is  a  not  infrequent  complication; 
and  fracture  of  the  upper  end  of  the 
radiu.s  or  ulna  is  an  occasional  con- 
comitant of  any  of  the  above-mentioned 
fractures  of  the  humerus,  the  injuries 
being  the  result  of  severe  crushing  vio- 
lence, and  often  compound  in  character. 

The  involvement  of  the  elbow-joint, 
either  directly  or  indirectly,  gives  espe- 
cial gravity  to  fractures  of  the  lower  end 
of  the  humerus.  Some  limitation  of  (lie 
motions  of  this  joint  is  the  rule  after 
fracture  in  its  vicinity,  and  complete 
ankylosis  is  not  infrequent.  The  exact 
retention  of  the  fragments  in  their  proper 
positions  is  difficult  to  maintain,  owing 
to  the  leverage  of  the  bnncs  cjf  the  fore- 
arm with  which  the  lower  fragment 
remains  attached ;  and  slight  displace- 
ment is  enough  to  alter  materially  the 
symmetry  of  the  elbow,  and  often  to 
impair  its  function  by  occasioning  a  me- 
chanical obstacle  to  the  full  normal  range  of  motion.  Even  in  the 
absence  of  malposition,  new-formations  of  bone  from  exuberant  callus 


*rr«!  fraciuTc  o(  the  luwri  cnil  of  Ihc 
hiimrTus.  with  longiludiiuil  huuR  into 
the  dbnw-JMfil  (T-fraclure). 
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may  pnnJucc  the  s;imc  effect,  or  may  absolutely  ankylosc  the  joint. 
Sonic  thickcrnini^  ami  contraction  oC  the  capsular  aiul  i>eri-articular 
tissues,  as  the  immediate  result  of  the  injury*,  is  usual  and  unavoidable; 
and  when  true  inflammation  is  provoked  by  infection  or  repeated  trau- 
matism, permanent  contractures  aiul  adiiesions,  that  may  produce  a 
prolonjjed  or  even  definitive  limitation  of  inoltoii,  are  Hkely  to  result. 

Obliqut-  fractutr  of  a  coniiyif,  the  line  of  fracture  entering  the  joint, 
is  the  most  common  variety  of  fracture.  Both  condyles  seem  to  be 
about  equally  exposed  to  fracture.  The  direction  of  the  line  of  fract- 
ure separating  the  ittternal  condyle  is  a  fairly  uniform  one,  beginning 


Fig.  333.— Fraciurr  M  Fin.  239. — Fmcture  of  F]i;.   240. — Fraclnir     above     the 

ihe  internal  condyle  the  cxtcrDal  condjrte  condyln,  with  lunciiiidinal  (imirc 
(KAinllloti).  (Hftmilton).  into  clbow-joJitl  (HnlTu). 

somewhat  above  tlic  base  of  the  epicondyle.  and  extending  obliquely 
outward  and  downward  through  the  olccrimon  and  coronoid  fossa  to 
the  center  of  the  troclilear  surface.  The  contractions  of  the  triceps 
and  brachialis  anticus  muscles  upon  the  ulna  tend  to  pull  it  and  its 
attached  condyloid  fragment  upward  as  far  as  the  attachments  of  the 
radius  will  allow.  Thi«  tendency  to  upward  displacement  is  increased 
by  anj'  pressure  upon  the  under  surface  of  the  olecranon  or  by  lateral 
movements  of  the  forearm  internally.     Some  rotation  of  the  condyloid 


Pic.  a4i.-^{iun5lock  deformity  at  olbovr,  (ollowing  fraclurr  of  cither  condyle  of  the 

Itumerui  (AU>»). 

fragment  with  anterior  displacement  is  caused  by  extending  the  fore- 
arm. The  effect  of  any  upward  displacement  is  to  lessen  the  normal 
humero-ulnar  angle  and  to  convert  it  into  an  abnormal  one  in  the 
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opposite  direclton,  producing  the  ck-f^irniity,  familiar  by  its  fretiuc-ncy, 
called  the  "gunstock"  derormity,  shown   in   Fiy.  241. 

The  £xt€rnal  condyle  may  be  detached  by  a  line  of  fracture  that 
enters  the  joint  at  sonic  point  of  the  capitellum.  or  that  extends  more 
internally  to  the  trochlea.  The  extensor  and  pronator  muscles  that 
arise  from  it  tend  to  pull  it  forward  and  downward,  while  the  mobility 
of  the  condyle  ix;rniiis  internal  lateral'deflection  of  the  forearm  at  the 
elbow,  producing  again  loss  of  the  normal  humero-ulnar  angle  and  the 
gunstock  deformity. 

In  supracondyhtii  transverse  fractures,  the  lower  fragment  is  usually 
displaced  backward  and  is  drawn  upward  behind  the  lower  end  of  the 
upper  fragment.  The  deformity  simulates  very  closely  that  produced 
by  backward  dislocation  of  the  bones  of  the  forearm  at  the  elbow,  and 


FiC.  243.— SupntcoBilyloiil  fracture  of  the  hiim«rtis,  \trwvT  p«n  displaced  backward . 
qtipfayti*  nf  ihc  olecnuion' indkatcs  the  youthful  afc  of  the  paticnl  (Mortoa)  (iliagniph  Xiy 
Qoudspced). 

in  the  presence  of   swelling  and  muscular  rigidity  requires   careful 
examination  for  its  discrimination. 

The  line  of  separation  may  follow  the  epiphyseal  line,  in  which  case 
the  fragment  formed  by  the  i-pipliysis  may  still  more  readily  escajw 
recognition  by  reason  of  its  thinness.  The  replacing  of  the  fragments 
in  their  projicr  relations  ti>  each  other  is  easily  accomphshetl  by  exten- 
sion and  manipulation  while  the  elbow  is  flexed  at  a  right  angle,  but 
the  displacement  tends  at  once  to  recur  as  soon  as  the  retaining  forces 
arc  removed.  Union  may  take  place  with  the  fragments  incompletely 
reduced,  causing  a  perniiinent  mechanical  obstacle  to  the  full  flexion  oi 
the  elbow.  Rotary  displacenient  tif  the  lower  fragment,  inducetl  by  the 
leverage  of  the  forearm  Ixmes.  may  readily  occur,  unless  care  is  taken 
to  avoid  it  in  the  course  of  treatment.  Supracondyloid  fracture  with 
comminution  of  the  lower  fragment  results  from  violence  of  special 
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FlQ.  a45.^^u[>iucuiiUytuid  fraciuie  of  ihe 
humcnis  (Hoffa). 


severity,  and  is  often  accompanied  by  lacerations  of  tlic  overlying  soft 
parts,  that  expose  the  fracture  to  septic  infection.  Even  in  the  absence 
of  infection,  the  efTusion  into  and  about  the  juint  is  extreme  in  amount, 

the  development  of  callus  is  espe- 
cially liable  to  be  excessive  and  so 
placed  as  to  interfere  with  the  func- 
tion of  the  joint.  ;md  the  difficulties 
:iltenr.!ing  the  proper  reduction  and 
retention  in  place  arc  so  great  that 
m;irkeil  deformity  is  often  unavoid- 
abEe. 

The  tip  of  either  condyle  may  be 
chipped  off  by  a  direct  blow,  and 
may  become  displaced  downward  by- 
muscular  traction.  The  line  of  fract- 
ure does  not  involve  the  joint,  nor 
docs  the  displacement  impair  func- 
tion. The  injurj'  is  a  relatively  in- 
significant one. 

The  diagnosis  of  fractures  at  the 
lower  end  of  the  humerus  requires 
for  its  satis fiittorj'  establishment  care- 
ful and  minute  comparison  of  the 
anatomical  landmarks  of  the  region. 
These  arc  often  obscured  by  the  great  swelling  that  quickly  follows  inju- 
ries at  the  elbow,  and  their  satisfactory  examinati<m  can  often  only  be 
done  under  general  anesthesia,  especially  in  the  cases  of  children,  in 
whom  most  of  these  fractures  occur.  Supracondyloid  fracture  is  to  be 
distinguished  from  backward  dislocation  of  the  ulna  and  radius  by  the 
unchanged  relations  of  the  condyles  and  the  olecranon,  by  the  recog- 
nition of  the  irregular  outline  presented  by  the  projecting  surfaces  of 
the  displaced  fragments,  by  the  shortening  of  the  humerus,  proven  by 
measurement  from  the  tip  of  the  acromion  to  the  condyle,  by  the  facility 
of  reduction  followed  by  tendency  to  redisplaccmcnt.  and  by  the  crepitus 
elicited  when  the  fragments  are  brought  down  into  place.  The  presence 
and  location  of  oblique  condyloid  fractures  is  best  determined  by  grasp- 
ing die  lower  end  of  the  humeru.s  by  the  fingers  of  one  hand,  and  with 
the  other  rocking  the  bones  of  the  extended  forearm  from  side  to  side; 
the  broken-ofl"  cojidyie  is  felt  to  move  with  the  bones  of  the  forearm, 
producing  a  lateral  mobility  at  the  elbow,  which  is  never  present  in  the 
normal  condition  of  the  joint.  Crepitus  is  elicited  by  these  maneuvers, 
and  the  presence  and  extent  of  displacement  are  appreciated  by  pal- 
pation. 

In  the  treatment  of  all  fractures  at  the  lower  extremity  of  the 
humerus,  accurate  and  speedy  reposition  of  the  fragments  is  of  high 
importance.  This  can  usually  be  readily  effected  by  manipulation  and 
extension  while  the  ctbow  is  flexed  at  a  right  angle,  in  which  position 
the  most  general  relaxation  of  the  tissues  in  and  about  the  joint  is 
present.  As  to  later  retention,  this  position  has  the  disadvantage  that 
the  relaxed  tissues  favor  consecutive  renewed  displacement,  which  may 
be  caused  by  the  mere  pressure  of  dressings  and  the  weight  of  the 
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extremity  supported  in  the  customary  sling,  even  in  the  absence  of 
muscular  contraction  ;uad  deviations  of  the  bones  of  ihe  forearm  from 
their  proper  axis.  By  placing  the  forearm  in  the  eirtended  position  the 
humcro-ulnar  angle  can  be  kept  under  control ;  but  some  anterior 
rotation  of  a  condyloid  fragment  is  inevitable,  and  some  posterior  and 
rotar>'  displacement  of  the  lower  fragment  in  cases  of  supracondylojd 
fracture  is  difficult  to  prevent,  the  probabilities  of  later  functinnal 
impairment  of  the  joint  are  increased,  and  in  cases  of  ankylosis  the 

r'tion  of  the  joint  is  the  most  objectionable  that  could  be  produced. 
L.  Smith  has  shown  that  in  aU  cases  of  fracture  of  the  lower 
extremity  of  the  humerus,  the  posi- 
tion in  which  the  fragments  are  held 
most  firmly  in  place  and  are  least 
susceptible  to  displacement  from 
forces  acting  from  without  is  that  of 
flexion  at  an  angle  as  acute  as  the 
comfort  of  the  patient  will  allow. 
In  this  position  the  fragments  are  all 
held  locked  between  the  coronoid 
process  in  front  and  the  ligamentous 
and  musculotendinous  structures 
behind.  Unless  proper  adjustment 
of  the  fractured  surfaces  has  been 
secured,  full  flexion  at  the  elbow 
cannot  be  made,  so  that  it  is  essential 
that  this  adjustment  be  first  secured 
before  attempting  to  bring  the  fore- 
arm into  the  acute  flexion  required. 
The  fragments  having  been  adjusted 
and  the  forearm,  semi-prone,  brought 
up  into  full  flexion,  it  remains  only 
to  hold  the  forearm  in  this  position  by 
a  broad  figure-of-8  bandage  around  the  elbow  and  body,  as  shown  in  Fig. 
244.  No  further  retentive  dressing  is  required.  Should  the  acuteness  of 
the  flexion  be  found  to  be  so  sharp  as  to  interfere  with  the  distal  arterial 
supply,  or  should  it  become  painful  on  account  of  later  swelling,  the  angle 
must  be  made  greater;  otherwise,  the  original  position  should  be  main- 
taine<i  until  consolidation  of  the  fracture  is  well  attvanced.  In  cases  of 
open  infected  fracture,  the  same  position  should  be  maintained,  abundant 
access  to  the  elbow  for  the  necessary  special  dressings  Iicing  afTorded. 
In  the  latter  case,  before  final  consolidation  has  supervened,  in  view  of 
probable  ankylosis,  the  forearm  should  be  dropped  to  the  angle  most 
convenient  for  the  future  usefulness  of  the  h;md.  Should,  for  any 
reason,  the  position  of  acute  lle.vion  described  be  fuund  to  be  intoler- 
able or  inadvisable,  the  forearm  may  be  brought  down  Ie>  the  pusitimi 
of  a  right  angle  and  immobilized  by  a  plastic  splint,  preferably  of 
canton  flannel  or  similar  material  saturated  with  plaster-of-Paris  cream, 
moulded  to  the  anterior  surface  of  the  arm  and  forearm,  reaching  from 
axilla  to  wrist,  and  embracing  two-thirds  of  the  circumference  of  the 
limb.  An  angular,  narrow  strip  of  metal  should  be  incorporated  in 
this  splint  to  reinforce  it 


Fig.  Z44- — Figurc-of-S  dbow  tMUidags 
fitr  immiihtlliinf;  rorrarm,  with  acute 
llciion  of  elbow  |  Luiiili. 


rsoox  oj 

No  essay  at  passive  motion  should  be  made  before  llic  fourth  week, 
and  even  then  it  sliould  be  restricted  to  that  range  of  mi>tioii  which 
can  be  made  without  the  use  of  force  and  without  causing  pain. 
Earlier  and  forcible  attempts  at  mobilization  disturb  the  adjustment  of 
the  fragnient.s,  increase  the  amount  of  callus-formation  and  of  the 
inflammatory  exudation  into  and  about  the  joint,  and  exa^jgcratc  tlic 
danger  of  ultimate  permanent  ankylosis.  By  the  sixth  week  all  dress- 
ings may  usually  be  laid  aside  and  active  use  of  the  extremitj*  be 
resumed.  The  moderate  stiffness  generally  present  gradually  dis- 
appears spontaneously  within  a  few  weeks.  If  an  an1vylosi.s  due  to 
newly  formed  bands  of  adhesion  is  found  to  persist,  later  forcible  rupture 
under  ether  must  be  done.  Masses  of  excessive  callus  or  bone- 
fragracnts  healed  in  malposition,  interfering  with  the  useful  motion  of 
the  joint,  call   for  incisjun  and  the  chisel  for  their  removal. 

The  Bones  of  the  Forearm.— Fractures  of  the  bones  of  the 
forearm  fall  naturally  into  three  groups:  I.  Tho.se  in  the  vicinity  of 
the  elbow;  2.  Those  involving  the  shaft  of  one  orbolli  bones;  3  Those 
at  the  wrist.  Of  the  first  group,  the  most  frequent  injur>-  is  fracture 
oi  the  olecranon  process  of  the  ulna,  more  rarely  that  of  the  head  or 


FKk  945. — Fncturc  of  the  olecranon,  with  diiplnorineni  (Huffii). 


neck  of  the  radius,  and  .still  more  rarely  that  of  the  coronoid  process 
of  the  nina.  Ctmibination  of  one  or  more  of  thc^e  fractures  witli 
fnicturc  of  the  lower  extremity  of  the  humerus,  or  with  dislocation  at 
the  elbow,  is  occasional ly  met  with. 

Tht'  olecranon  may  be  fractured  either  by  direct  force  applied  to 
the  point  of  the  elbow,  or  by  cross-breaking  strain  exerted  through 
the  forearm  as  a  lever  while  the  triceps  is  in  tense  contraction. 

The  liability  to  displacement  of  the  upper  fragment  by  the  con- 
tractions of  the  triceps  muscle  will  depend  upon  the  extent  to  which 
the  tendino-aponeurotic  fibers,  which  closely  invest  the  process,  are 
lacerated,  When  these  are  freely  torn,  the  bone-fragment  may  be 
drawn  upward  to  the  extent  of  an  inch  or  more,  the  dt.splaccment  being 
increased  by  flexion  of  the  joint.  Fractures  by  direct  force  present 
the  least  degrees  of  aponeurotic  laceration,  and  as  a  class  the  least  dts- 
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placement.  Whenever  then:  is  nuich  scparaliori  nf  the  fragments,  tlieir 
fracture-surfaces  become  more  or  less  fully  investetl  by  a  frinj^e-likc 
apron  of  the  stretched  and  lacerated  aponeurosis  which  has  dropped 
down  into  the  ^^ap  and  remains  as  an  obstacle  to  full  coaptation  and 
osseous  union. 

The  sym/ftotus  pruduced  by  the  injury  are  diminution  or  loss  of  the 
power  of  exleiidin^i  the  forearm,  with  pain  and  tenderness  at  the  point 
of  injury',  mobility  of  the  detached  fragment  when  manipulated  by  the 
surgeon,  and  deformity  in  many  cases  caused  by  the  upward  displace- 
ment of  the  detached  fragment,  leaving  a  gap  where  the  point  of  the 
clbo^v  should  be.  as  shown  in  Kig.  245.  Crepitus  may  or  may  not  be 
elicited,  according  to  the  absence  or  presence  of  fibrous  tissue  between 
the  fnigmeiits  when  they  are  brought  together..  Mon*  or  less  ecchy- 
mosis  early  declares  iistrlf.  together  witli  marked  effusion  into  and  about 
the  elbow-jnirt.  The  prominence  of  the  process  and  its  subcutaneous 
position  render  the  diagnosis  of  its  fracture  easy.  The  repair,  when  the 
fracture  is  not  open  and  infected,  ordinarily  progresses  without  special 
complication.  The  swelling  subsides  promptly,  and  union  may  be 
secured  by  the  fourth  week,  wilh  fair 
restoration  of  function  after  the  ttisap- 
pearance  of  the  peri-articular  rigidity; 
some  limitation  to  full  normal  extension 
is  an  occasional  permanent  sequel.  Bony 
union  is  frequently  prevented  by  the 
interposition  of  fibrous  material  between 
the  fragments  (Fig,  1:46}. 

In  the  tnatmctit,  if  the  fibrous  attach- 
ments of  the  fragments  are  suflRciently 
intact  to  hold  them  together,  so  that  the 
upper  fragment  is  not  separated  from 
the  lower  in  moderate  flexion,  the  limb 
may  be  immobilized  in  the  partly  flexed 
position,  which  will  he  greatly  to  the 
comfort  of  the  patient.  If,  however, 
such  flexion  separates  the  fragments,  or 
the  upper  fragment  is  already  drawn 
upward,  the  forearm  must  be  kept 
extended  until  consolidation  has  become 
firm.  The  extended  position  alone  is 
usually  sufficient  to  bring  the  fragments 
into  apposition,  tf  position  fails  to  bring 
the  fragments  tf^ether,  it  has  been  rec- 
ommended to  attempt  to  pull  the  upper 
fragment  down,  and  hold  it  in  place  by  a  strip  of  adhesive  plaster  so 
applied  to  the  skin  above  it  that  downward  traction  may  be  made  by 
the  two  ends  of  the  plaster,  which  are  then  secured  to  the  front  of  the 
forearm  below.  Such  a  device  has,  however,  but  little  control  over  the 
underlying  bone-fragment  unless  it  .so  completely  encircles  the  limb 
that  it  unduly  constricts  it.  and  inevitably  so  aggravates  the  local  con- 
gestion and  exudation  into  and  about  the  elbow-joint  as  to  endanger  its 
later  function  more  than  would  the  formation  of  the  fibrous  union  which 


■Tmdem  e/  trSitpt. 


'  Suftrwr  fr^gmtmt. 


-F^fvtii  (altm. 


Bait ./ 
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PlO.  2^Sj—Tr»^lan  of  the  olecranon, 
with  fibrous  unlDQ  [AfiKcr]. 


FIC.  347.— Give ntlick  fmcluie  uf  llie  stKiH  uf  the  ulna,  with  fracture  through  the  ^iphjrical 
line  of  the  head  ot  the  radius,  and  mailccd  disijlacvtnent  ootwurd  of  the  upper  «nd  of  lh« 
di.-LpbysU  of  the  radiui,  lituuUltng  disUiuitlon  uf  the  head  of  tbe  radius  (ikiacrnph  by  Stewant. 

prove  insufficient,  silver-wire  sutures  maj'  be  inserted  through  the  bonc- 
substancc.  If  tlie  fracture  is  already  exposed  by  a  wound,  suturing  is 
indicated  as  a  routine,  coupled  with  abundant  provision  for  free  primary 
drainage,  which  will  have  to  be  prolonged  should  infection  not  be 
escaped.  As  in  other  joint-fractures,  such  effusion  into  the  joint  and 
swelhng  of  the  surrounding  tissues  may  suiiervcn.e  as  to  require  tJut 
treatment  at  first  be  limited  to  placing  the  limb  in  as  comfortable  a  posi- 
tion as  possible  upon  a  pillow  and  applying  to  it  evaporating  lotions,  or 
a  bag  of  ice,  until  the  primar>-  local  reaction  has  subsided. 
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For  immnhiiiziiig  the  elhnw  durJnf;  repair,  n  wcll-p.idded  splinl  is  to 
be  adjusted  ttt  the  anlenor  surface  of  the  forearm  and  arm.  and  secured 
by  a  roller  bandage.  Hy  the  end  of  the  fourth  week  the  splint  may  be 
dispensed  with,  and  massage  anti  movements  instituted. 

The  coronoid  process  may  be  chijiped  off  by  being  driven  against 
the  articular  surface  of  the  luinierus  in  the  act  (»f  a  dislocaiion  back- 
ward of  the  ulna,  Such  iujur>'  is  infrequent.  Still  more  rarely  this 
process  has  been  fuuml  to  liave  been  torn  away  as  a  part  of  the  injurj^ 
resulting  from  a  crush  of  the  elbow.  The  fragment  will  usually  retain 
suAicicnt  attachments,  through  untom  periosteal  and  tendinous  fibers, 


\  . 


Flf?.  848, — Pnciure  of  radius  and  ulim 
DcaT  ilwlr  luwer  vnd;  «Divropo&ii:ni>t 
i-i«w.  Kpiphywal  cartilages  ckpccully 
disiinct.  uuiliiiiiic  ttie  luwer  cpiptiv»c& 
(Warren).  For  biemi  view  of  nunc  in- 
jury. »ee  Fl».  «49. 


{■'tc  A4^. — Kiaclurv.-r  bon«-sof  ihr  fbnram 
near  their  towei  entrenilly.  wiDi  p>Mlerir>r  dit- 
placement  of  ilic  lower  (raKmcni  (Warren). 


to  prevent  much  displacement.  If  examination  is  made  before  much 
swelling  ha.s  supervened,  it  may  be  appreciated  as  a  movable  mass  at 
the  bend  of  the  elbow,  by  the  manipulation  of  which  crepitus  may  be 
elicited.  In  ca.ses  of  coexistent  dislocation,  the  dislocation  is  readily 
reducible  and  as  readily  recurs.  Repair  by  bony  union  is  to  be  ex^KCted 
under  prni>cr  treatment.  The  treatment  required  is  fixation  of  the  elbow 
in  acute  flexion,  as  already  described  for  the  injuries  involving  the  lower 
end  of  the  humerus. 

The  head  of  the  radius  may  have  more  or  less  of  its  articular  rim 
split  ofif  by  the  same  forces  as  have  just  been  mentioned  in  connection 
with  the  coronoid  process  of  the  ulna;  the  two  injuries  may  occur  coin- 
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ciiiently.  Tlie  special  symptoms  to  which  this  injurj-  gives  rise  are  pain 
and  crepitus,  caused  by  efforts  at  rotation.  In  some  cases  the  detached 
fragment  has  been  appreciable  as  a  movable  piece  lying  between  the 
olecranon  and  the  head  of  the  radius. 

The  Une  of  fracture  may  bt  more  or  less  transverse  through  the 
neck  of  the  radius,  or  through  the  epiphyseal  line  in  young  subjects 
(Fig.  2J,/),  in  which  case,  in  adtlition  to  pain  and  crepitus  on  rotation  of 
the  forearm,  anterior  displacement  of  the  upper  end  oi  the  lower  frag- 
ment from  contraction  of  the  biceps  muscle  may  be  sufficient  to  cause 
a  noticeable  projection.     Fracture  at  the  upper  end  of  the  radius  may 


Flo,  aSO. — Fraclurc  of  bnncs  of  ihe  forearm,  willi  aiiKuIar  (li&placeili«nt  (Wan«ti(. 

readily  be  followed  by  total  loss  of  the  power  of  rotation,  from  ob.struc- 
tion  caused  by  the  fragment  healed  in  displacement,  or  from  welding 
together  nf  the  nidius  an<i  tihiahy  vici<ius  callus.  The  treatment  required 
is  immnhilization  in  the  Hi-xed  pi>siti(»n. 

The  bones  of  the  forearm  along:  their  shaft  are  the  frecjuent  sub- 
jects of  fiaciurc.bnth  from  direct  violence  and  from  the  indirect  force  of 
falls  upon  the  hand.  Instances  ni  fracture  from  muscular  action  alone 
have  been  rcfjorted.  Incomplete  <>r  grcenstick  fractures  arc  met  with 
more  frequently  in  these  bones  than  elsewhere,  with  the  possible  excep- 
tion of  the  clavicle.  All  the  varieties  of  fracture  to  which  long  bones 
are  liable  may  be  presented  hy  the  bones  of  the  forearm  (Fig.  348). 

Displacement,  angular  or  by  overriding,  is  common.     lateral  dis- 
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ptaccment  from  pressure  of  dressings  or  muscular  contraction  may 
cause  such  encroachment  upon  the  interosseous  space  as  to  limit  rota- 
tirm.  or  by  the  welding  together  nf  the  two  bones  to  destroy  it  altogether 


Fig.  8SI.-~^Coni[lUUncl   fnutun;  nf    'In-  uLn.i    wiIIl    hi 

speed). 


ItiB  hciiil   ut    ihc    melius   (fjiind- 


(Fig.  253),  When  the  point  of  fracture  in  the  radius  is  located  above 
the  insertion  of  the  pronator  radii  teres  muscle,  the  upper  fragment  is 
liable  to  become  supinated  by  the  unopposed  action  of  the  biceps, 
requiring  the  whole  forearm  to  be  kept  in  supination  until  consolidation 
is  secured,  to  avoid  the  loss  of  function  from  the  rotary  displacement. 


tf.B 


Fic;.  252. — Fracture  nf  (he  radius  and  iitnn,  •>  1.  .1  callus  uDiUog  ihe  two 

liunea  (Wftirci'  AiuM-imij. 

The  diagnosis  presents  no  difficulties,  owing  to  the  superficial  posi- 
tion of  the  bones  and  the  readiness  with  which  the  characteristic 
symptoms  of  fracture  may  be  elicited. 

The  course  of  the  healing,  as  a  rule,  is  uncomplicated  and  leads  to. 
full  bony  union  in  from  four  to  six  weeks.  The  presence  of  comminu- 
tion or  of  open  wound  with  infection  may  interfere  with  such  a  favorable 
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progress,  and  may  tletermine  cither  non-union  or  such  muscular  atrophy 
and  adhesions  along  tendon-shealhs  as  to  cripple  the  limb  seriously. 
Many  instances  have  been  recorded  in  which,  by  the  pressure  of  encir- 
cling bandages,  or  of  splints  applied  without  proper  provision  for  later 
swelling  of  the  parts  or  left  without  intelligent  inspection,  gangrene  of 
the  distal  portion  of  the  limb  or  troublesome  sloughs  from  local  press- 
ure have  been  produced 

TrM/wtw/.— Accurate  reduction  is  important,  both  for  the  preser\*a- 
tion  of  the  synimetrj' of  the  limb  and  for  the  power  of  normal  rotation. 
This  is  to  be  accompli.shcd  by  extension  and  manipulation  while  the 
forearm  is  held  in  the  po.sition  in  wliich  its  muscles  will  be  most  relaxed 
— viz.,  midway  between  pronation  and  supination,  with  moderate  flexion 
of  elbow  and  wrist.  After  reduction,  the  fragments  should  be  held  in 
position  by  two  light  wooden  spHnts,  one  to  the  dorsal  and  one  to  the 
palmar  aspect  of  the  forearm.  Each  should  be  well  padded  with 
cotton,  and  should  be  broad  enough  to  prevent  the  encircling  bandage 
that  holds  them  in  place  from  making  any  lateral  pressure  on  the  fore- 
arm. The  dorsal  splint  should  extend  from  the  point  of  the  elbow  to 
the  metacarpophalangeal  joint;  the  palmar  one  from  the  flexure  of  the 
elbow  to  the  flexure  of  the  wrist.  These  splints  should  be  first  fixed 
in  position  by  two  strips  of  adhesive  plaster  wrapped  about  them,  one 
near  either  end;  then  a  roller  bandage  should  be  applied  firmly  over 
all.  Finally,  the  forearm  should  be  placed  in  a  sling.  Frequent  inspec- 
tion of  the  limb  should  be  made  daily  for  the  first  week,  to  guard 
against  the  effects  of  pressure  or  the  possibility  of  displacement  from 
loosening  of  the  dressings.  Usually  by  the  fifth  week  the  splints  can 
be  dis|>ensed  with  and  active  use  of  the  limb  resumed. 

Either  the  radius  or  the  ulna  alone  may  be  broken  at  any  [mrt  of 
it^  shaft  by  a  direct  blow.  Such  an  injury  is  not  uncommon.  The 
extent  and  direction  of  the  di-splaccmcnl,  if  any  occurs,  is  determined 
by  the  fracturing  force.  The  treatment  required  is  the  same  as  that 
already  described  in  case  of  fnicture  of  both  bones.  The  tendency  of 
the  biceps  muscle  to  rotate  the  upper  fragment  of  the  radius  into 
supination,  U'hen  that  bone  is  fractured  above  its  middle,  is  to  be  kept 
in  mind,  and  accommodated  in  such  case  by  dressing  the  forearm  in 
supination  until  consolidation  has  been  secured. 

The  bones  of  the  forearm  in  the  immediate  vicinity  of  the  wrist- 
joml  may  be  fractured  by  a  direct  crushing  force.  Such  injuries  arc 
apt  to  Iht  accompanied  with  wound  of  the  overlying  soft  structures,  and 
to  present  such  varj'ing  degrees  of  comminution  and  displacement  as 
to  negative  systematic  description. 

Fracture  by  indirect  force  transmitted  from  the  hand  is  of  frequent 
occurrence.  In  many  ca.scs  the  lower  end  of  the  radius  only  is  fract- 
ured, but  not  infrequently  the  styl'.'id  process  of  tlic  ulna  is  also  broken 
off,  and  in  some  cases  the  shaft  of  the  ulna  is  fractured  at  a  point  some 
distance  above.  The  frequency  with  which  tlie  force  of  a  fall  is  broken 
by  an  outstretched  hnnd  causes  fracture  o(  the  radius  at  its  lower  end 
to  be  the  most  common  of  all  fr.ictures.  The  peculiar  mechanism  of  the 
wrist-joint  is  such  as  to  give  to  these  fractures,  as  a  class,  a  quite  uniform 
type ;  the  proximit>'  of  the  intricate  and  important  radio-ulnar  and  radio- 
carpal articulations  and  the  numerous  tendon-sheaths  of  the  flexors  and 
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extensors  of  the  wrist  and  hand  entail  special  liability  to  functional 
disability  from  adhesions  resulting  from  the  accident,  while  whatever 
deformity  may  result  is  kept  in  constant  view  by  the  superficial  and 
prominent  position  <jf  the  bones. 

The  lower  extremity  of  the  radius,  whenever  strong  backward  ar 
forward  flexion  of  the  hand  upon  the  forearm  occurs,  is  subjeclec!  to 
cross-breakiny  strain  through  the  common  carporadial  ligaments,  ante- 
rior or  posterior,  as  the  case  maybe.  The  frequency  with  which  the 
force  of  a  fall  is  partially  sustained  by  the  outstretched  hand,  and  the 
hand  thereby  forced  into  strong  backward  flexion,  explains  the  fre- 
<|uency  of  the  fracture  in  question.  Fig.  253  .shows  the  relations  of 
the  lower  end  of  the  radius  to  the  elements  of  the  wrtst-joint  when  the 
hand  is  bent  backward  until  the  anterior  ligaments  are  taut.  Further 
strain,  if  sufficiently  violent,  must  rupture  either  the  ligamentous  fibers 
or  the  bones  of  the  carpus,  or  tear  off  some  portion  of  the  lower  end 
of  the  radius.  The  projection  of  the  anterior  articular  lip  of  the  radius, 
into  which  the  ligament  is  inserted,  mechanically  favors  the  transmission 
of  the  greater  part  of  the  strain  to  that  portion  of  the  bone,  and  renders 
it  less  liable  to  resist  than  are  the  fibers  of  the  ligament  itself. 

The  manner  in  which  the  resulting  fracture  is  produced  is  shown  in 
Fig.  254. 


FHi,  353.— Diagnun  sh<tvrinf;  the  wlatiotw 
of  the  lower  «irt  of  Ihe  mdiui;  to  th<  clc- 
mcni*  of  the  wri»l-joint ;  Innfcittirlinnl  *ec(inn 
urUt)  ibe  hantl  in  modeme  backward  Hexton. 


Fio  a^4.— Effect  apon  the  lower  end  of 
the  rtidtu»  or  the  ciOM4>reAking  atiain  pro- 
duced by  cxlrcnic  kickwArd  Qcxioa  of  tbe 
hand. 


The  amount  of  the  bone  thus  tnm  off  varies  greatly  in  different 
cases,  on  account  of  the  differences  in  the  shape  and  structure  of  the 
bone,  in  the  relative  strength  of  the  different  fasciculi  of  the  hgament, 
and  in  the  amount  of  strain  and  pressure  in  action.  The  accompany- 
ing illustrations,  drawn  (Fig.s,  255,  356)  from  museum  specimens,  show 
some  of  these  varying  lines  of  fracture. 

In  most  cases  of  falls  upon  the  outstretched  hand  the  cross-breaking 
strain  from  the  backward  flexion  of  the  hand  is  further  complicated  by 
a  vertical  force,  due  to  the  impact  against  the  ground  of  the  weight  of 
the  body,  transmitted  through  the  limb  to  the  hand.  The  amount  of 
this  in  different  instances  must  vari,'  within  ver\'  wide  limits,  depending 
upon  the  weight  of  the  particular  body  and  the  distance  and  vcIocit\* 
of  the  fall.    An  equal  amount  of  this  force  will  also  produce  different 


eflfects  in  different  individuals,  and  in  the  same  individual  at  different 
times.  In  many  instances,  a  cross-breaking  strain  to  the  point  of  fract- 
ure at  the  wrist  is  successfully  resisted  by  the  tissues,  and  the  compo- 
site strain  is  transmitted  higher  along  the  limb,  to  be  decomposed  ulti- 


^' 


Via.  »j5.  I'lu.  350. 

FlOS.  255.  aso.— IJnu  of  breakage  In  fractures  of  the  tower  emremity  of  ihe  radius. 

matcly  without  serious  injury,  or  to  produce  dislocation  or  fracture  at 
some  other  point. 

Whenever,  however,  the  tearing  away  of  more  or  less  of  the  lower 
end  of  the  radius  has  resulted,  the  effect  of  the  surviving  vertical  force 
is  to  thrust  backward  and  upward  the  fragment  that  has  been  torn  off, 


Fig.  a^j.^Kraciure  0I  ihe  lowri  mirr'Tiiiy  nf  ihr  r.iJtus  1  Watren). 


and  to  impale  it  upon  the  sharp,  strong  cd^'c  presented  by  the  thick 
compact  tissue  of  the  posterior  surface  of  tlie  upper  fragnient. 

The  amount  of  backward  displacement  thus  produced  may  be  of 
any  degree,  from  a  slight  slip,  merely  sufficient  to  efface  the  natural 
projection  of  the  anterior  articular  lip,  to  dislocation  so  complete  that 
the  whole  of  the  lower  fragment  overrides  the  lower  end  of  the  upper. 
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The  degree  of  impalement  suffered  by  the  lower  fragment  is  also 
Jiubject  to  the  widest  variations,  from  that  of  a  slight  mutual  entangle- 
ment of  the  irregular  fracture-surfaces,  to  that  of  deep  penetration 
of  the  upper  into  the  lower,  with  splitting  of  the  lower  into  many 
fragments.  Even  in  its  minor  degrees,  this  interpenetration  of  the 
fragments,  by  the  crushing  of  the  cancellous  tissue  of  the  lower 
fragment  wliich  attends  it,  produces  some  positive  change  in  the  form 
and  structure  of  the  lower  fragment,  which  is  essentially  a  mass  of 
spong>'  tissue  enclosed  in  a  thin,  compact  shell.  As  the  result  of  this, 
some  permanent  alteration  from  the  normal  contour  of  the  bone  is 
inevitable  (Fig.  258),  with  a  more  or   less  marked  deformity  of  the 

Sftti^H  0/  OS  mt^UHM,       Imftri.)!-  p-j\gm*m. 


_-'U«^ 


Sefti^it  of  (.irfia/  rjt- 


Suffiar  fragment. 


FlC.  3s8>— SbowiDg  c'laogc  in  coniour  of  the  lower  rta^mrnt.  olterMion  Id  direction  of  th« 
RCtloalac  taccl.  nod  lau  oi  prujccliun  of  llie  anterior  lip  conscqurnt  upon  Cmciurc  of  the  lower 
txireniiCx  of  the  nuliiu  (ad.ipied  fioni  Anger). 


region  following.  Even  thuugh  the  fragments  arc  disengaged  from 
one  another,  and  put  in  their  proper  position,  the  lower  fragment 
remains  shortened,  the  direction  of  its  articular  (ace  is  changed, 
and.  according  to  the  degree  of  the  comminution,  it  is  broadened 
both  laterally  and  anteroposteriorly.  By  the  backward  displacement 
of  the  lower  fragment  of  the  radius  further  important  changes  in 
the  relations  of  the  other  constituents  of  the  wrist-joint  are  produced. 
The  tom-off  fragment  with  the  attached  carpus  is  forcibly  rotated  into 
supination.  The  radio-ulnar  ligaments  are  strained,  possibly  in  part 
ruptured,  and  the  lower  end  of  the  uhia  is  ma<le  to  project  abnormally 
upon  the  front  and  ulnar  side  of  the  wrist.  The  further  strain  of  the 
continued  dorsal  flexion  falls  especially  upon  that  strong  fasciculus  of 
the  anterior  common  ligament  which  passes  obliquely  from  the  middle 
of  the  carpal  mass  to  the  side  and  base  of  the  styloid  process  of  the 
ulna.  As  a  result,  the  projection  of  the  ulna  is  intensified,  and,  in 
many  cases,  the  styloid  process  itself  is  torn  off  by  the  strain.  As 
long  as  the  displacement  of  the  radial  fragment  is  unreduced,  the 
carpus  remains  locked  in  the  position  of  supination,  and  the  anterior 
projection  of  the  head  of  the  ulna  is  perpetuated  by  the  continued 
tension  of  this  fasciculus.  When  the  hand  is  taken  up  from  the 
ground  and  allowed  to  recover  from  its  pn^iition  of  dorsal  flexion,  a 
characteristic  deformity  of  the  wrist  is  presented  (see  Figs.  259.  260), 
due  to  the  posterior  projection  of  the  carpus  and  lower  radial  fragment, 
the  anterior  projection  of  the  lower  end  of  the  upper  radial  fragment, 
and  the  antcro-internal  projection  of  the  head  of  the  ulna.  Dissection 
of  the  |Nirts  in  this  state  shows  that  the  jieriosteal  and  aponeurotic 
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effects  in  difTcrent  individuals,  and  in  the  same  individual  at  diflfcrcnt 
times.  In  many  instances,  a  cross-brcakinj^  strain  to  tlic  point  of  fract- 
ure at  the  wrist  is  successfully  resisted  by  the  tissues,  and  the  compo- 
site strain  is  transmitted  higher  along  the  limb,  to  he  decomposed  ulti- 


t'lG.  355-  Via.  356. 

Figs.  953.  356.— Unes  o(  breakage  In  fntcium  of  (h«  lower  esuemity  ot  ihe  rsdtu*. 

mately  without  serious  injury,  or  to  produce  dislocation  or  fracture  at 
some  other  point. 

Whenever,  however,  the  tearing  away  of  more  or  less  of  the  lower 
end  of  the  radius  has  resulted,  the  effect  of  the  surviving  vertical  force 
i<t  to  thrust  backward  and  upward  the  fragment  that  has  been  torn  off, 


Fig.  as?,— Fmclutc  ol  the  lowct  ciitcimly  iif  Uie  r-idiii*  t  W-itrcn). 

and  to  im|Mle  il   upon  the  shaqj.  strong  etige  presenteel  by  the  thick 
compact  tissue  of  the  posterior  surface  of  the  upper  fragment. 

The  amount  of  backward  displacement  thus  produced  may  be  of 
any  degree,  from  a  slight  slip,  merely  sufficient  to  efface  the  natural 
projection  of  the  anterior  articular  lip.  to  dislocation  so  complete  that 
the  whole  of  the  lower  fragment  fivcrrides  the  lower  end  of  the  upper. 
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The  degree  of  impalement  suffered  by  the  lower  fragment  is  also 
subject  to  the  widest  variations,  from  that  of  a  shglit  mutual  entangle- 
ment of  the  irregular  fracture-surfaces,  to  that  of  deep  penetration 
of  the  upper  into  the  lower,  with  splitting  of  the  lower  into  many 
fragments.  Even  in  its  minor  degrees,  this  interpenetration  of  the 
fragments,  by  the  crushing  of  the  cancellous  tissue  of  the  lower 
fragment  which  attends  it,  produces  some  positive  change  in  the  form 
and  structure  of  the  lower  fragment,  wliich  is  essentially  a  mass  of 
spongy  tissue  enclosed  in  a  thin,  compact  shell.  As  the  result  of  this, 
some  permanent  alteration  from  the  normal  contour  of  the  bone  is 
inevitable  (Fig.  258),  with  a  more  or  less  marked   dcformit>'  of  the 


StetioM  af  e..irfia>  ex  -  Sifefiof  fragmtnt. 

tremity   .>/  tkt  second 
atftiit-'rfiif. 

Flu.  958.— Showing  chanRc  in  contour  of  ihc  lower  fragment,  alteration  in  dirMtk>n  of  ilie 
arliculai  Iim:«1,  and  liM»  ul  projii{:liugi  of  tbe  niiteiior  lip  consequent  ufjon  fracture  of  the  lower 
extrcmlly  of  [li«  radiuB  tad.iptcd  from  Anger). 


region  following.  Even  though  the  fragments  are  disengaged  from 
one  another,  anti  put  in  tlieir  proper  position,  the  lower  fragment 
remains  shortened,  the  direction  of  it.s  articular  face  is  changed, 
and.  according  to  the  degree  oi  the  comminution,  it  is  broadened 
both  laterally  and  anteroposteriorly.  By  tJie  backward  dLspIacemcnt 
of  the  lower  fragment  of  the  radius  further  important  changes  in 
the  relations  of  the  other  constituents  of  the  wrist-joint  are  produced. 
The  torn-off  fnignient  with  the  attached  carpus  is  forcibly  rotated  into 
supination.  The  radio-ulnar  ligaments  are  strained,  possibly  in  part 
ruptured,  and  the  lower  end  of  the  ulrxa  is  made  to  project  abnormally 
upon  the  front  and  ulnar  side  of  the  wrist.  The  further  strain  of  the 
continued  dorsal  flexion  falls  especially  upon  that  strong  fasciculus  of 
the  anterior  common  ligament  which  passes  obliquely  from  the  middle 
of  the  carpal  mass  to  ihe  side  and  base  of  the  styloid  process  of  the 
ulna.  A-s  a  result,  the  projection  of  the  ulna  is  intensified,  and,  in 
many  cases,  the  styloid  process  itself  is  torn  off  by  the  strain.  As 
long  as  the  displacement  of  the  radial  fragment  is  unreduced,  the 
carpus  remains  locked  in  the  position  of  supination,  and  the  anterior 
projection  of  the  head  of  the  ulna  is  pcqx'tuatcd  by  the  continued 
tension  of  this  fasciculus,  When  the  hand  is  taken  up  from  the 
ground  and  allowed  to  recover  from  its  po.^ition  of  dorsal  flexion,  a 
characteristic  deformity  of  tlic  wrist  is  presented  (see  Figs.  259,  260), 
due  to  the  posterior  projection  of  the  carpus  and  lower  radial  fragment, 
the  anterior  projection  of  the  lower  end  o^  the  upper  radial  fragment, 
and  the  anlern-internal  jirojection  of  the  head  of  the  ulna.  Dissection 
of  the  parts  in  this  state  shows  that  the  periosteal  and  aponeurotic 
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Structures  that  were  stripped  up  from  the  back  of  the  proximal  radial 
fragment,  instead  of  being  torn  across,  constitute  now  a  strong  band, 
which  is  made  tense  by  the  forward  flexion  of  the  wrist,  and  while  thus 
tense  tends  to  hold  the  fragments  in  impaction  and  hinders  their  sepa- 


Fig.  360. 


Figs.  359,  360. — Deformity  at  the  wrist  consequent  upon  displacement  backward  of  the  lower 
fragment  of  the  radius  after  fracture  at  its  lower  extremity  (Levis). 

ration  by  traction  and  ready  reposition  by  pressure.  If  union  occurs 
without  complete  reposition  of  the  lower  fragment,  the  space  which  is 
left  between  this  detached  periosteal  layer  and  the  posterior  surface  of 
the  bone  becomes  filled  with  plastic  material,  which,  by  subsequent 


Fin.  261.— Fmcturc  of  the  lower  end  of  the  radius,  with  anterior  displacement  of  the  lower 
fragment  united  in  deformity  (from  SfMcimen  in   the  Museum  of  the  Edinburgh  College  of 

Surgeons)  (Roberts). 

ossification,  so  encases  this  portion  of  the  radius  in  new  bone  that,  upon 
subsequent  section,  it  presents  the  appearance  of  deep  penetration  of 
the  lower  by  the  upper  fragment. 

Anterior  displacement  of  the  lower  fragment,  after  fracture  of  the 
lower  end  of  the  radius,  is  occasionally  met  with,  as  shown  in  Fig.  261. 
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This  particular  form  of  injury  has  been  recently  minutely  studiet! 
by  Roberts,  ^vho  has  asscnibtcd  a  considerable  number  of  clinical 
histories  and  museum  specimens  illustrating  it.  In  a  large  proportion 
'if  these  cases,  the  injury  was  knuwn  l-.)  liavi:  been  occjisIuiich]  by  falls 
upi>u  the  iiack  iif  the  hantl,  and  maybe  referred  to  a  cross-breaking 
strain  exerted  through  the  posterior  common  hgamcnt  of  the  wrist 
upon  the  lower  end  of  the  radius,  by  the  hand  thrown  into  extreme 
palmar  flexion.  In  a  well-marked  case,  seen  by  myself,  Oie  patient 
had  fallen  backward  out  of  a  wagon  to  the  ground.  Tlie  rarity  of  falls 
upon  the  back  ^^li  the  hand,  and  the  absence  of  any  posteriorly  pro- 
jecting articular  lip  to  exaggerate  the  force  of  strain  exerted  tlirough 
the  ligament,  explains  the  relative  raril)'  of  this  form  of  displacement. 

The  effect  of  the  direct  impact  of  the  carpus,  violently  driven 
against  the  broad,  shallow,  saucer-like  articular  surface  of  the  radius, 
is  also  to  add  a  direct  crushing  and  splitting  force  to  the  indirect  cross- 
brc:iking  strain  heretofore  considered.  By  this  direct  force  the  pos- 
terior  lip   may  be   crushed  off,  or  stellate    lines   of  fracture  may  be 


H 
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Pics.  a6x.  363. — Showtnc  ihc  crasJunf;  anil  splinlns  effecn  oi  dtrMt  impact  of  the  carpus 

■gainii  ihr  Idwrr  .nrticulnr  Rurfncr  nf  ibc  rftdius. 

created,  radiating  from  a  central  point  of  the  articular  surface,  com- 
minuting the  lower  fragment,  if  a  transverse  fracture  coexists,  or  in 
other  cases  extending  upward  as  longitudmal  crevices  for  a  variable 
distance  along  the  shaft,  without  transverse  fracture  {see  Figs.  262,  263). 
The  injuries  sustained  by  the  soft  tissues  about  the  wrist-joint, 
coincident  with  the  bone-lesions  that  have  been  described,  are  exten- 
sive and  important.  The  hgamcnts  arc  violently  stretched,  partially 
lacerated,  and  sometimes  entirely  ruptured;  the  synovial  sacs  of  the 
articulations  arc  badly  contused,  sometimes  lacerated  and  filled  with 
blood;  the  sheaths  of  the  tendons  arc  injured,  both  in  front  and  behind 
— in  front,  the  projection  of  the  ragged  edge  of  the  upjier  fragment 
into  the  midst  of  the  flex<>r  tendons  may  lacerate  their  sheaths  and 
irritate  tlic  tendons;  behind,  the  violent  stripping  up  and  co 
tension  of  the  periosteum  is  an  injury  done  to  the  floor  of 
extensor  tendon-sheaths  luto  the  formution  of  which  it  directly 
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Effusions  of  blood  and  lymph  into  the  anterior  tendon-sheaths  and 
adjacent  connective-tissue  spaces  early  produce  a  well-marked  swelling 
on  the  front  of  the  wrist,  above  the  annular  ligament,  which  exagger- 
ates the  deformity  formed  by  the  bone-displacement,  and  may  simulate 
displacement  when  none  exists.  Such  an  effusion -tumor  may  result 
from  injury  to  the  soft  parts  alone,  without  the  presence  of  any  lesion 
of  the  bone.  On  the  back  of  the  carpus  also,  some  swelling  of  sim- 
ilar character  forms,  as  a  rule.  These  effusions  are  firm,  are  slowly 
absorbed,  especially  in  the  feeble  and  aged,  and  tend  to  provoke  the 
formation  of  adhesions  along  the  course  of  the  tendons  which  they 
envelop. 

The  diagnosis  is  usually  to  be  made  from  the  deformity  present 
rather  than  from  the  recognition  of  crepitus  and  abnormal  mobility, 
which  often  are  not  to  be  elicited,  on  account  of  the  displacement  and 
impaction  and  the  resistance  of  untom  fibrous  connecting  bands.  In 
cases  in  which  the  degree  of  displacement,  and  consequently  the  extent 
of  deformity,  is  but  slight,  careful  palpation  will  usually  enable  the 
surgeon  to  recognize  the  loss  of  the  projection  formed  by  the  anterior 
lip  of  the  sound  bone  and  some  abnormal  elevation  of  the  lower  frag- 
ment on  the  back  of  the  wrist.  In  the  absence  of  any  appreciable 
displacement,  the  lesion  of  the  bone  may  still  be  inferred,  if  pressure 
elicits  a  point  of  special  tenderness  on  the  outside  of  the  radius,  near 
the  base  of  the  styloid  process,  since  such  tenderness  at  that  point 
could  not  result  from  any  ligamentous  rupture.  Forward  di.splacement 
of  the  head  of  the  ulna  is  recognized  at  once  on  inspection  of  the 
wrist,  and,  when  present,  indicates  the  coexistence  of  fracture  of  the 
radius.  Fracture  of  its  styloid  process  is  indicated  by  special  tender- 
ness at  its  base ;  manipulation  may  elicit  undue  mobility  and  crep- 
itus, but  it  is  rarely  so  completely  torn  away  as  to  become  notably 
displaced. 

Fracture  without  great  displacement  is  often  overlooked,  and,  being 
regarded  as  a  .simple  sprain,  is  permitted  to  heal  without  effort  to  pre- 
vent deformity.  In  cases  of  severe  injury  to  the  wrist,  accompanied 
with  ecchymosis,  local  swelling,  and  impairment  of  function,  the  pres- 
ence of  fracture  is  always  to  be  inferred,  and  only  the  failure  to  elicit 
any  of  the  signs  of  it  that  have  been  mentioned  should  warrant  the 
conclusion  that  it  is  absent. 

Fracture  with  extreme  displacement  maj'  be  mistaken  for  a  dislo- 
cation of  the  carpus — an  error  which  was  universal  until  within  the 
present  century.  Such  uncomplicated  dislocation  is  an  extremely  rare 
occurrence,  and  should  be  accepted  as  present  only  when  careful 
examination  has  demonstrated  beyond  question  that  the  radius  is 
intact. 

Prognosis. — Rapid  bony  union  is  the  invariable  rule,  but  the  impair- 
ment of  the  function  of  the  wrist  is  often  slowly  recovered  from,  and 
in  some  cases  the  adhesions  among  the  peri-articular  structures, 
especially  along  the  tendon-sheaths,  are  so  dense  that  for  many  months 
the  wrist  remains  rigid  and  the  movements  of  the  fingers  are  limited. 
The  amount  of  actual  defornTity  that  remains  will  dejjcnd  largely  on  the 
success  of  the  efforts  to  secure  primary  accurate  reposition  of  the  dis- 
placed fragment.     In  a  considerable  proportion  of  cases,  however,  there 
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Fl«,  364.— Dmgram  •bowing  cliungc  in  ihc 
coDlout  ol  Ihc  lower  end  of  a  nullus  aDer 
hculcd  fracturv ;  dotted  tine  show's  the  oiixinal 
normal  con  lour. 


has  been  occasioned  by  the  injur>'  such  actual  alteration  in  the  form  of 
the  lower  fragment  that  the  restitution  of  the  perfect  norma!  contour  of 
the  part  is  impossible  by  ;iny  treatment,  and  some  deformity  is  vinavoid- 
able.  The  involvement  nf  the  t-piphyseal  cartilage  in  the  fracture  in 
children  has  been  known  tij  induce  premature  ossification  and  arrest  of 
growth  of  the  lower  end  of  the  in- 
jured bone,  with  later  gradually 
increasing    deformity,     from     its 

shortness    relative    to    its   fellow       ^     ■■ — 'tiH — — "^^  \  V 

ulna.  The  most  coninmn  altera- 
tion, as  the  result  cither  of  incom- 
plete reduction  or  damage  to  the 
bony  structure,  is  the  lo.s.s  of  the 
anterior  projection  of  the  articular 
lip  and  the  imposition  of  a  more 
or  less  backward  inclination  upon 
the  plane  of  the  articular  surface 
(Fig.  264).     The  consequence  is  a 

perpetuation  in  some  degree  of  the  deformity  which  has  already  been 
described  as  characteristic  of  the  primary  injury.  The  inward  and  for- 
ward projection  of  the  lower  end  of  the  ulna  in  many  cases  persists, 
often  when  there  is  no  appreciable  deformity  of  the  radius,  owing  to 
the  permanent  elongation  of  the  ligaments  which  hind  it  to  the  radius, 
although  in  some  cases  coexisting  minor  changes  in  the  shape  of  the 
radius  may  be  concealed  by  the  overlying  tissues. 

The  bony  deformity,  even  when  marked,  of  itself  entails  very  little, 
if  any,  functional  disability.  The  articular  rigidity,  the  matting  of  ten- 
dons, and  the  contracture  of  ligaments  and  fibrous  bands,  due  to  the 
lacerations  and  irritations  of  these  structures  in  connection  with  the 
bony  injur)',  the  persistence  of  the  exudates  that  follow,  and  the  effects 
of  prolonged  immobilization,  produce  the  chief  sources  of  disabi!ii>' fol- 
lowing this  injur)'.  This  disability  is  particularly  prone  to  be  marked 
and  persistent  in  elderly  persons,  but  usually  ultimately  yields,  even  in 
these,  to  patient  efibrts  at  massage  and  mobili/^ition. 

Treatment. — If  displacement  exists,  its  accurate  reduction  is  of  the 
first  importance.  The  chief  obstacles  to  ready  and  perfect  reduction 
are  the  impaction  or  entanglement  of  the  uneven  surfaces  of  the  frag- 
ments, and  the  tension  of  the  untorn  penostcofibrous  band  that  still 
unites  them  at  the  back.  The  latter  can  be  overcome  at  once  by 
placing  the  hand  in  dorsal  flexion;  while  the  hand  is  still  in  this  posi- 
tion, extension  will  disengage  the  fragments,  and  firm  thumb-pressure 
upon  the  back  of  the  lower  fragment  will  push  it  for\vard  into  place. 
If  the  hand  is  then  brought  into  palmar  flexion,  the  fracture-surfaces 
fall  together  and  the  normal  contour  of  the  bone  is  restored,  the  carpo- 
ulnar  ligament  is  relaxed,  and  the  ulna  assumes  or  may  be  pressed  up 
into  proper  position  in  relation  to  the  radius.  Should  the  first  eftbrt  to 
secure  perfect  reduction  be  unsatisfactory"  in  its  results,  renewed  and 
bRiore  thorough  attempts  should  be  made,  until  it  is  evident  that  the  best 
possible  position  of  the  fragments  has  been  secured. 

Ordinarily,  there  is  but  little  tendency  to  renewed  displacement  after 
reposition,  providing  the  part  is  protected  from  further  direct  force. 
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Any  pressure  on  the  anterior  surface  of  the  wrist  will  bear  upon  the 
projecting  anterior  Hp  of  the  lower  fragment,  and  may  crowd  that  frag- 
ment back  to  the  plane  of  the  shaft  of  the  bone.  Anteroposterior 
pressure  also  tends  to  crowd  the  soft  tissues  in  between  the  radius  and 
ulna,  and,  forcing  the  ulna  away,  to  renew  and  perpetuate  its  diastasis. 
The  first  indications  are  to  give  the  injured  part  support  and  protection, 
and  by  immobilization  and  equable  compression  to  limit  effusion  and 
promote  repair.  With  the  subsidence  of  the  primary  wound-reaction, 
especial  precautions  to  maintain  the  mobility  of  the  wrist-  and  finger- 
joints  are  indicated. 

In  very  many  cases  the  application  of  a  flannel  roller  bandage  and 
the  support  of  a  sling  will  be  all  the  apparatus  required.  A  small 
compress,  about  \  inch  in  thickness,  should  be  first  adjusted  upon  the 
front  of  the  forearm,  its  lower  edge  being  permitted  to  come  down 
nearly,  but  not  quite,  to  the  level  of  the  anterior  lip  (Fig.  265,  a).     Over 


Fig.  265. — Diagram  showing  the  arrangement  of  compresses  and  splint  best  adapted  to  retain 
fragments  in  proper  position  after  reduction. 

this  the  roller  passing,  binds  the  strained  and  shattered  parts  of  the 
wrist  together  and  gives  an  agreeable  sense  of  security  and  support. 

This  circumferential  compression  is  especially  important  to  maintain 
the  lower  fragment  and  the  carpus  in  their  proper  position  to  the  ulna. 
It  is  further  reinforced  during  the  after-treatment  by  keeping  the  fore- 
arm supported  on  its  ulnar  side  in  a  narrow  sling,  which  does  not 
extend  forward  beyond  the  distal  end  of  the  ulna,  in  which  position  the 
weight  of  the  unsupported  hand  and  wrist  is  an  additional  force  tend- 
ing to  press  the  ulna  into  position.  At  this  first  dressing,  allowance 
must  be  made  for  the  primary  traumatic  swcllin}^  that  follows  the  injury, 
and  the  bandage  must  later  be  loosened  or  cut,  ifits  constriction  becomes 
a  source  of  discomfort.  As  the  swelling  subsides,  it  should  be  tightened 
again. 

Whether  to  this  dressing  should  be  added  a  splint  will  generally 
depend  upon  what  may  be  called  collateral  circumstances.  In  cases 
of  those  who  are  quite  young,  or  are  careless,  or  are  apprehensive,  the 
additional  protection  of  a  splint  is  a  wise  precaution,  if  the  surgeon  also 
remembers  that  its  prolonged  use  may  create  finger-  and  wrist-stifiness, 
and  that  by  its  pressure  deformity  may  be  perpetuated.  For  a  young 
surgeon  also,  it  will  in  most  cases  be  more  discreet  not  to  disregard  the 
popular  sentiment  as  to  the  necessity  of  a  splint  in  the  treatment  of  a 
fracture. 

Many  special  forms  of  splints  have  been  devised  by  surgeons  for  this 


injury.  Not  one  of  them  possesses  .such  speci»l  advantage  as  to  justify 
its  description  here.  A  light,  straight  splint,  .such  as  can  he  extem- 
porized anywhere  from  a  pine  shingle  or  a  cigar-box,  answers  the  incli- 
cation.s  perfcctSy.  Only  one  splint  should  be  used,  and  this  should  be 
applied  to  the  dorsum  of  the  wrist  and  forearm  (sec  Fig.  265).  It 
should  not  be  wider  than  the  wrisl  itself;  it  should  extend  below  only 
to  the  heads  of  the  metacarpal  bone.s,  an  that  the  finj^crs  shall  not  be 
confined  by  it;  it  should  be  well  padded,  atid  the  [ladthng  should  be 
niiifle  thicker  over  the  carpus  and  metacarpus,  so  as  to  keep  the  band 
in  slight  flexion  while  it  is  in  place;  it  should  be  .secured  with  a  roller 
to  the  hand  and  forearm,  and  the  forearm  then  suspended  in  the  narrow 
sling  already  recommended.  From  the  third  day  the  thumb  and  fin- 
gers should  be  frequently  and  systematically  fle.ved,  and  after  the  first 
week  the  splitit  slmuld  be  daily  removed  and  the  wrist  massaged  and 
moved.  By  the  end  of  the  third  week,  the  splint  should  be  discarded 
altogether,  and  thereafter  active  and  passive  movements  of  the  wrist 
and  fingers,  with  ma.ssagc,  ought  to  be  practised  systematically  until 
the  normal  function  of  the  parts  has  been  restored. 

Bones  of  the  Wrist  and  Hand. — One  or  more  of  the  carpal 
bones  is  occasionally  broken  by  direct  violence;  more  frequently  the 


PtK,  iioei.— Fracmrc  ui  ihe  meucnrpal  booc  (Warren). 


caqial  lesion  is  a  minor  incident  in  the  midst  of  an  extensive  crushing 
injury  of  the  wrist.  Fracture  of  the  scaphoid,  the  semilunar,  or  the  os 
magnum  has  in  dtlTercnt  instances  been  noted  as  a  complication  of  a 
fracture  of  the  lower  cxtrcmit>'  of  the  radius.  In  the  absence  of  notice- 
able displacement,  a  fracture  of  a  carpal  bone  may  easily  be  overlooked, 
ihe  symptoms  of  contusion  and  sprain  being  so  marked  as  to  obscure 
the  jM>ssiblc  signs  of  the  fracture. 

In  the  trtatment,  after  any  displacement  has   been  corrccletl  by 
pressure,  the  subsequent  care  should  be  conducted  on  the  lines  already 
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laid  down  in  connection  with  fractures  of  the  lower  extremity  of  the 
radius. 

The  metacarpal  bones  are  often  broken,  either  by  direct  violence  or 
indirectly,  by  force  applied  at  the  knuckles,  as  in  striking  a  blow  with 
the  closed  fist.  The  phalanges  are  often  involved  in  crushing  injuries, 
and  are  often  the  subject  of  simple  fracture  from  direct  violence. 

In  the  treatment  of  fractures  of  the  bones  of  the  hand,  immobiliza- 
tion upon  a  palmar  splint  is  indicated.  The  splint  should  extend  half- 
way up  the  forearm  above,  and  beyond  the  tips  of  the  fingers  below. 
It  should  be  padded  so  as  to  fit  the  normal  inequalities  of  the  palmar 
surface  of  the  hand  and  afford  even  support  to  the  injured  bone.  In 
dealing  with  the  frequent  compound  and  crushing  injuries  of  the  hand, 
no  fragment  of  bone  that  is  not  wholly  separated  from  its  vascular 
connections  should  be  removed,  but  all  fragments  should  be  adjusted 
as  well  as  possible,  and  so  supported  as  to  secure  consolidation  with 
the  minimum  of  deformity,  leaving  to  a  later  period  the  removal  of 
parts  that  time  and  use  may  show  to  be  useless  and  unsightly. 

The  Pelvis. — Fracture  of  the  bones  of  the  pelvis,  at  any  point  in 
their  extent,  may  result  from  direct  violence.  Disruption  of  a  pelvic 
articulation,  with  irregular  tearing  away  of  some  part  of  the  adjacent 
bony  substance,  is  relatively  frequent.  Any  of  the  various  processes  of 
the  innominate  bones  may  be  broken  without  fracture  of  the  pelvic 
girdle  proper.  The  iliac  wings,  by  reason  of  their  prominence,  are  most 
exposed  to  fracturing  violence. 

The  pubic  bone  is  the  part  of  the  true  pelvic  girdle  most  frequently 
broken.  Thus,  out  of  1 8  cases  of  pelvic  fracture  received  at  the  Methodist 
Episcopal  Hospital,  New  York,  within  nine  years,  in  6  the  fracture  was 
confined  to  the  iliac  wings,  in  4  there  were  extensive  multiple  fractures, 
in  I  there  was  a  diastasis  of  the  symphysis  pubis,  in  1  both  pubis  and 
ilium  were  involved  in  the  fracture,  in  3  the  pubic  bone  or  bones  only 
were  broken,  in  i  there  was  a  fracture  of  the  ilium  and  ischium  with 
diastasis  of  a  sacro-iliac  articulation,  and  in  2  the  injury  seemed  to  be 
a  sacro-iliac  diastasis  only. 

The  nature  of  the  violence  sustained  in  these  cases  illustrates  well 
the  character  of  the  more  common  causes  of  fracture  of  the  pelvic 
bones.  In  6  instances  it  was  a  railroad  crush,  in  4  a  fall  from  a 
height,  and  in  i  each  a  crush  under  a  bank  of  earth,  a  crush  in  an 
elevator  shaft,  and  a  crush  from  the  wheel  of  a  wagon  passing  over  the 
pelvis. 

It  is  seldom  that  the  fragments  become  much  displaced,  so  that 
perceptible  deformity  is  rarely  present;  but  unnatural  mobility  and 
crepitus  can  usually  be  elicited  by  manipulation,  to  which  are  added 
local  tenderness  and  wide-spreading  ecchymosis  as  symptoms  to  estab- 
lish the  diagnosis. 

The  importance  of  fractures  of  the  pelvic  bones  attaches  not  so 
much  to  the  injury  to  the  bones  themselves  as  to  possible  coincident 
injury  of  the  pelvic  vi.scera  or  blood-vessels,  or  to  the  existence  of 
other  serious  injuries  in  other  parts  of  the  body.  The  urinary  bladder 
and  the  urethra  are  especially  liable  to  be  injured,  and  an  investigation 
of  their  condition  should  be  among  the  first  attentions  rendered  in  a 
case  of  pelvic  injur)'.     Contusion  of  .some  portion  of  bowel  or  of  the 
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kidney  is  a  frequent  complication ;  and  laccratinti  of  an  iliac  vein  or 
one  of  its  main  bnuiches  may  occasion  fital   internal  hlt^ding. 

The  aceU^ulum  may  be:  tltc  .sent  of  a  fracture  limited  to  its  own 
area  by  the  impact  of  the  head  of  the  femur.  Instances  arc  reported 
in  literature  in  which,  as  the  result  of  a  fall  upon  the  ^eat  trochanter, 
the  liead  of  the  femur  has  perforated  the  dome  of  the  acetabulum,  even 
to  full  penetration  into  the  pelvic  auity.  Such  an  ailcident  is  not  easily 
distinguishable  from  fracture  of  the  neck  of  the  femur,  except  in  case 
of  actual  intrapclvic  penetration,  when  a  rectal  exploration  of  the 
internal  lateral  wall  of  the  pelvis  will  reveal  the  presence  of  the  intrud- 
ing head  of  the  femur. 

The  rim  of  iht  aatabHlum  may  be  chipped  off,  lo  Ji  crcntcr  or  less  extent,  «s  a  compli- 
cation of  a  dislocation  of  (he  ttend  of  the  fcmui,  when,  in  tlie  pru-Ju^tiuu  of  the  displace- 
iQcni,  the  head  of  the  bone  has  been  driven  with  Rrciit  force  against  the  cuniainmg  nm  of 
the  joim-cavit)'.  Such  *n  accident  would  add  to  the  qmptomt  of  di»]oc«lion  that  of  crepi- 
tus indicative  of  the  fracture,  togcihi^r  with  a  tendency  lo  redislocAtioit  after  rrductioo.  The 
characlrr  of  the  violence  ret^uircd  fr>t  it*  jinMluciion  i&  mi  extreme  that  other  and  more  impor- 
lani,  usually  fatal,  injunrs  art.-  likely  ui  i;o[nplica(e  ttie  coac,  eo  lliat.  in  fact,  ihc  injury  to  the 
rim  of  the  acetabulum  hat  hot  little  more  than  a  patholo^cal  interest. 

The  cucc}rx  niiiy  lie  fmcLmeil  by  falls,  kicici,  ur  the  violciu  inipatl  of  a  fetal  head  cacAp- 
Ing  lhruu){h  a  narrow  inferior  iirnil.      Union  nr  an  angle  i*  likely  lo  result. 

As  regaM>  thr  after-COUne  of  pelvic  fmcluret  in  seneral,  special  interest  nititcbes 
only  to  ccim  plica  tine  injuneii.  The  little  tendency  1i>  divplaceinctil  of  the  fragmcnU  and  the 
rajcular  nature  vf  (ne  bono  eiuniro  early  repair  with  firm  union. 

In  the  treatment  of  fracture  of  any  portion  of  the  pelvic  girdle 
proper,  it  is  required,  in  addition  to  the  dorsal  recumbent  position,  that 
the  pelvis  be  surrounded  by  a  broad,  snugly  drawn  bandage.  This 
support  should  be  maintained  for  four  weeks  or  more.  In  fractures 
limited  lo  an  iliac  wing,  such  pelvic  bandage  should  be  omitted,  owing 
to  its  tendency  to  displace  the  fragment. 

The  Femur. — Fracture  of  the  femur  is  of  comparatively  frequent 
occurrence,  forming  about  6  per  cent,  of  all  fractures.  The  neck  and 
the  middle  third  of  the  sliaft  are  most  frequently  broken.  Such  spe- 
cial conditions  attach  to  the  injuries  of  each  of  the  extremities  and  of 
the  shaft  as  to  necessitate  separate  consideration  of  each  of  those 
regions. 

The  upper  extremity  includes  the  head.  neck,  and  trochanters.  It 
may  be  broken  at  any  jjart  of  its  extent,  the  most  frequent  cause  being 
a  fall  upon  the  outer  side  of  tlie  hip.  Such  fracture  may  occur  at  any 
■age,  but  is  by  far  the  most  fretitient  in  old  ijeople.  in  whom  the  strength 
of  the  femoral  neck  is  often  le-t.sened  by  senile  osteoporosis.  This 
degeneration  of  tlic  cervical  substance  occasionally  becomes  so  great 
that  fracture  of  il  results  from  verj'  trivial  violence,  such  as  a  sudden 
twist  of  the  body,  a  trip,  a  misstep,  or  other  slight  force  applied  verti- 
cally by  impact  upon  the  fi»ol  or  knee.  Fracture  thus  caused  is  at  the 
weakest  part  of  tliL-  neck,  its  most  constricted  part,  immediately  behind 
the  head  and  within  the  capsule.  In  adolescents,  the  tearing  away  of 
the  upper  epiphysis  alone  is  conceivahK;  as  a  possibility  from  extreme 
violence.  In  one  recorded  case,  the  existence  of  the  injury  was  con- 
firmed by  autopsy. 

In  fractures  jiroduccd  by  a  direct  blow  upon  the  great  trochanter — 
that  is  to  say,  in  the  vast  majority  of  fractures  of  the  upper  extremity 
of  the  femur — there  is  always  at  first  more  or  less  impaction  of  the 


fragments.    When  the  line  of  fracture  is  through  the  neck  and  chiefly 
witifiin  the  capsule,  the  lower  and  posterior  wall  of  the  distal  fragment, 

as  a  rule,  is  driven  into  the  spongj' 
tissue  of  the  head,  which  is  driven 
downward  and  inclined  backward. 
When  the  fracture  is  at  the  base 
of  the  neck,  its  line  falling  mostly, 
if  not  entirely,  outride  the  capsule, 
the  acetabular  fragment  is  driven  into 
the  trochanteric  portion,  as  shown  in 
Fig.  267.  Again,  impaction  is  deep- 
est behind  and  below,  causing  the 
trochanter  major  to  be  turned  back- 
^vard  and  the  whole  limb  to  be 
everted.  Widely  vai^Hng  degrees 
of  impaction  and  comminution  will 
be  present  in  different  cases,  depend- 
ing upon  the  violence  of  the  force 
and  fragility  of  the  bone.  The  tro- 
chanter* may  be  penetrated  with 
such  force  as  to  be  split  into  sev- 
eral fragments,  as  shown  in  the 
■specimen  illustrated  in  Fig.  268. 
On  the  other  hand,  the  fracture  may 
be  incomplete — a  condition  more 
likely  to  be  met  with  in  young  sub- 
jects. The  periosteum  investing 
this  portion  of  the  femur  is  so  thick- 
ened and  strengthened  by  fibers 
reflected  from  the  capsule  and  the 
tendons  inserted  into  the  trochanter,  that  it  is  seldom  completely  torn 


Pig.  a6S.— Fracture  at  the  base  of  the 
tiedc  at  the  femur,  vritJi  impaction  Into  tK> 
«hju)ieric  expAniion.  comminution,  and  wid«- 
separation  of  fragments  (MuMuni  of  the  M. 
E.  Hospital,  New  York). 
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through  when  the  bouL-  is  fractured.  The  untom  portion  scn'cs  to 
hold  tljc  fragments  together,  atid  iiiiiy  be  an  important  source  of  vas- 
cular supply  to  the  proximal  fnignient  when  the  line  of  fracture  is 
through  (he  narrnw  (lart  of  the  neck.  I^atcr,  it  may  be  torn  com- 
plciciy  through  by  ton  energetic  diagnostic  manipulations  of  the  bone 
or  by  too  early  attcni[)ts  at  walking,  or  it  may  become  gradually  elon- 
gated by  mu-jcular  traction  while  softened  by  inflaminfttorj'  changes. 

Tlic  norrnal  softening  of  the  bony  tissue  immetliatcly  adjacent  to 
the  line  of  fracture,  which  is  the  first  stage  of  re])air  in  all  bones,  is 
prone  to  licciume  exaggerated  in  fractures  through  the  narrow  part  of 
the  neck,  owing  to  the  antecedent  osteoporotic  degeneration  and  to 
the  limited  supply  of  blood  to  the  acetabular  fragment.  Gradual 
absorption  of  the  softened  tissue  is  prone  to 
occur,  and  in  some  instances  the  entire  neck 
disappears.  An  extreme  degree  of  this  dis- 
appearance of  the  neck  is  shown  in  Fig.  369. 
When  the  fracture  is  at  the  base  ol  the  neck, 
however,  the  conditions  for  repair  are  re- 
versed, and  often  there  is  an  exuberance  of 
new-bone  production. 

Of  the  symptoms  attending  fracture  of  the 
neck  of  the  femur,  the  immediate  helpless- 
ness of  the  limb  which  follows  the  injury  is 
in  the  great  majority  of  cases  vcr\'  marked, 
although  in  exceptional  and  nire  instances 
the  ability  to  walk  has  nut  been  absolutely 
lost.  Much  pain  is  usually  complained  of, 
especially  upon  any  attempt  at  rotation  or 
flexion  at  the  hip;  an  unnatural  fulness  may 
generally  be  noted  .interiorly  in  the  fold  of 
the  groin,  and  pressure  made  in  this  region 
in  the  direction  of  the  neck  is  painful-  Out- 
ward rotation  of  the  whole  limb,  evidenced 
by  cversion  of  the  foot,  is  the  rule.  To  this  evcrsion  contribute  the 
greater  inteqienetralion  of  the  tissues  of  the  po-Sterior  wall  of  the 
broken  neck,  the  strong  contraction  of  the  irritated  external  rotator 
muscles,  and  the  natural  weight  of  the  hmb.  Inversion  of  the  foot 
has.  however,  been  reported  to  have  been  present  in  some  authenti- 
cated cases,  so  that  the  absence  of  eversion  docs  not  absolutely  nega- 
tive the  existence  o^  a  fracture  through  the  neck  of  the  femur.  The 
amount  of  shortening  immediately  following  the  injury  will  vary 
according  to  the  degree  of  impaction,  or.  in  the  absence  of  imjuction, 
to  the  amount  of  laceration  of  the  capsule  and  the  pcriostco-aponeu- 
rotic  investment  of  the  neck  and  the  consequent  longitudinal  displace- 
ment from  muscular  contraction.  A  slight  primary  shortening  due  to 
impaction  may  gradually  bti-onie  much  greater  through  the  interstitial 
absoq>lioti  of  the  neck,  and.  in  the  absence  of  impaction,  later  increa-se 
of  shortening  may  im|)erceptihly  develop  from  the  consecutive  stretch- 
ing of  the  fibrous  bands  which  connect  the  fragments.  Often  at  5rst 
there  is  no  appreciable  shortening,  or,  if  any  is  present,  it  is  limited  to 
a.  fraction  of  an  inch.     After  some  weeks  or  months,  a  shortening  of  3 


Fill  ih^. — Fnicmn'  of  Ibc  nrdt 
of  Ihc  frnmr;  non-union,  nbsarn- 
tion  ofthc^  neck,  frigmcnis  loosrlf 
conncde-d  by  Ihe  capiulr. 
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inches  or  more  may  be  found  to  be  present.  The  position  and  promi- 
nence of  the  great  trochanter  will  be  influenced  by  tlie  degree  of 
impaction,  shortening,  and  cversion ;  being  less  prominent  and  lying 
above  it.s  natural  position,  according  as  the  axis  of  the  neck  is  short- 
ened and  depressed.  When  it  has  been  split  and  its  fragments  scpa* 
rated  by  the  wedye-Iikc  action  of  the  neck  driven  into  it,  the  massive 
callus  which  invAts  it  car  nften  be  plain!)-  felt  by  palpation.  Crepitus 
is  seldom  easily  elicited ;  usually  it  is  prevented  by  the  existing  impac- 
tion, and,  in  the  absence  of  impaction,  is  still  interfered  with  by  the 
mobilit)-  of  the  acetabular  fragment. 

The  diagnosis  of  fracture  of  the  neck  of  the  femur  is  usually  attended 
with  little  difficulty  or  uncertainty.  The  assemblage  of  symptoms  is 
characteristic  ;  a  history  of  a  fall  upon  the  hip.  or  of  disability  suddenly 
induced  in  an  aged  person  by  a  slight  strain  or  concussion  confirms  the 
diagnosis.  Severe  contu.sion  without  fracture  may  cause  symptoms 
which  at  first  closely  .simulate  those  due  to  fracture.  In  case  of  doubt, 
the  more  serious  condition  should  be  considered  as  present,  until  the 
rapid  subsidence  of  tenderness  and  helplessness  has  demonstrated  the 
real  nature  of  the  accident.  Much  uncertainty  will  frequently  exist  as 
to  the  exact  point  along  the  neck  at  which  the  fracture  has  occurred. 
and  especially  as  to  the  relations  of  the  line  of  fracture  to  the  insertion 
of  the  capsule.  As  this  point  Is  of  importance  only  in  the  prognosis 
of  the  case,  no  extended  and  violent  manipulations  for  the  purpose  of 
determining  it  are  justifiable,  in  view  of  the  possibility  of  thereby  break- 
ing up  impaction  or  lacerating  periosteal  and  capsular  bands  that  may 
still  connect  the  fragments.  No  manipulations  that  cannot  readily  be 
born  by  the  |>alient  without  an  anesthetic  should  ever  be  made,  and 
even  these  should  be  made  with  particular  care  and  gentleness. 

In  (he  cue  of  yuuriE  i:hiI(lTrn,  thr  «yniptunis  cau^inl  liy  fiartiirc  of  itir  iiecl:  of  Dir  ft-DiaT 
nuy  pomibly  be  miKiaktn  for  those  nf  coxitis,  especially  since  the  fraciunr  is  likely  to  be  an 
ioCDtnplcle  one,  aiteiidc<l  with  bending  o\  the  neck  williuut  attunl  >r|<nnilii>ii  »f  Uic  frag- 
ments, and  the  aUilily  tv  wnllc  with  a  limp  is  legained  in  ■  short  lime ;  besides,  the  posn- 
bility  of  fracture  of  tiic  neck  of  the  femur  in  young  children  i*  not  generally  recvRnircd, 
The  ininie>]ial«  supervencinn  of  the  charaelerisiic  symptoms  of  helplessness,  pain,  rausrutu' 
HMsm.  deformity,  and  cverHun  of  the  limb  after  an  injury  to  the  hip  in  the  cmc  of  r  child 
snoulil  lie  siifTideiii  in  <IiiTen;nli«te  it  fruiii  the  slow  and  irreKUlai  onset  of  tulicnmlous  coxitis. 

The  progmnis  will  be  affected  by  the  age  of  the  patient,  the  proxim- 
ity of  the  seat  of  the  fracture  to  the  head  of  the  bone,  and  the  presence 
or  absence  of  impaction.  Some  pennaneiit  impainnent  <»f  the  functions 
of  llie  limb  is  in  all  cases  to  be  expected,  even  in  tlmse  that  pursue  the 
most  favorable  course.  Tliis  may  vary  from  a  slight  limp  to  total  help- 
lessness of  the  limb.  Death  within  a  few  days  is  not  uncommon  in 
aged  persons,  from  the  effects  of  the  shock  and  the  local  inflammatory 
reaction  :  death  frequently  follows,  also,  after  some  weeks  or  months 
from  renal  and  pulmonary  complication'*,  induced  or  aggravated  by  the 
confinement  or  suffering  incident  to  the  injurj-.  from  exhaustion  due  to 
decubitus,  or  from  the  supervention  nf  siippuralitin  about  the  fracture. 
Non-union,  usually  without  any  intervening  material  connecting  the  two 
fragments,  sometimes  with  strong  fibrous  adhesions,  is  the  usual  result 
of  fractures  through  the  narrow  part  of  the  neck.  To  this  contributes 
not  only  the  absorption  of  the  neck,  noted  in  a  previous  paragniph,  but 
also  the  impossibility  in  many  cases  of  securing  accurate  coaptation  and 
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prolonged  immobilization  of  the  fragments,  owing  to  the  serious  cftbct 
upon  the  genera!  condition  of  the  patient  produced  by  the  cunfinemcnt 
required,  wtiich  often  early  compels  the  total  abandoiinient  of  all  efforts 
at  retention  and  imnu>biIiz;i!iori.  TIr-  possibility  of  bony  union  occur- 
ring after  a  fracture  of  lliat  pari  of  the  neck  williin  the  capsule  has  been 
denied  by  many.  That  it  is  very  rare  is  certain  ;  but  It  is  reasonable  to 
grant  that,  in  exceptional  cases,  a  firm  impaction  of  the  fragment?  and 
the  presence  of  a  broad  strip  of  untom  periosteum  may  secure  sufficient 
fixation  and  nutrition  to  the  acetabular  fragment  to  ensure  bony  union 
ultimately.  The  rejwir  will  be  slow,  ant!  niiiy  be  arrested  by  too  early 
attempts  at  use  of  tlic  limli.  Tlie  use  of  retentive  apparatus  should  be 
persevered  In  for  a  period  of  nut  less  than  [linety  days,  whenever  there 
is  any  reason  to  hope  for  bony  union.  Fractures  at  the  base  of  the 
neck  unite  by  bony  union,  if  apposition  and  immobilization  arc  main- 
tained. The  certaintj'  and  rapidity  of  their  repair  are  frequently  favored, 
and  their  treatment  is  nftcTi  greatly  facilitated,  by  the  presence  of  deep 
and  tirni  impaction.  The  jwissibility  of  consecutive  shortening  from 
absorjjtion  of  the  neck  has  been  tiescritied  in  a  previous  paragraph-  In 
children,  a  gradual  increase  of  shoitcning  and  deformity  during  adoles- 
cence, from  further  descent  of  the  depressed  neck,  may  be  expected. 

Treatment. — In  all  cases,  efforts  to  bring  the  fragments  into  apposi- 
tion and  to  immobiUzc  them  should  be  at  once  inaugurated. 

The  existence  uf  impaction  is  of  the  utmost  importance  in  facili- 
tating treiitmcnt,  and  every  effort  shemlil  Ih!  made 
during  the  preliminary  care  and  examinations  to 
preserve  tt  when  present,  the  pjitient  being  placed 
upon  a  firm  hair-mattress.  I.^tcral  pressure  and 
support  should  be  given  to  the  injured  hip  by  a 
stout  pelvic  bandage  drawn  snugly;  this  may  be 
reinforced  by  a  sand-bag  ."ipplieii  under  the  tro- 
chanter so  as  to  support  it  and  prevent  furllier  ten- 
dency to  eversiun  ;  the  ft>ot  should  be  protected 
from  the  weight  of  the  bed-clothing  by  a  suitable 
cage.  Additional  fixation  may  best  be  secured  by 
moulding  to  the  posterior  aspect  of  the  limb  and 
boily  a  Ixir  of  soft  iron,  \  inch  in  thickness  and  \\ 
inches  wide,  long  enough  to  reach  from  the  axilla 
to  the  lower  fourth  of  the  leg.  To  this  should  be 
united  a  transverse  band  of  lighter  material  at  each 
end.  the  upper  one  long  enough  nearly  to  embrace 
the  thorax,  the  lower  one  the  ankle.  A  third  trans- 
verse band  is  added  at  a  point  so  that  it  shall 
embrace  the  thigh  just  below  the  perineal  crease. 
This  ap])aratus  is  secured  in  place  by  proper  band- 
aging. .IS  shown  in  Fig.  2/0.  This  will  be  recog- 
nized as  the  splint  HcvLsed  by  Thomas  for  the  treat- 
ment of  hip-joint  affections.  Various  modifications 
of  it  may  be  retjuired  l<i  suit  it  to  the  peculiarities 
of  ini!ividii;il  cases.  Weight  extension  may  be 
added,  if  necessary  to  control  tendency  to  shorten- 
ing.   This  apparatus  secures  fixati(m  ciuitc  satisfactorily,  while  it  greatly 
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facilitates  the  nursing  required  by  the  patient.  After  it  has  been  applied, 
the  patient  may  be  lifted  or  turned  upon  the  sound  side,  and,  still  wear- 
ing the  splint,  may  be  got  out  of  bed  upon  crutches  some  weeks  earlier 
than  would  otherwise  be  prudent.  The  splint  maybe  discarded  entirely 
at  the  end  of  from  twelve  to  sixteen  weeks. 

Another  method  is  to  apply  a  long  wooden  side-splint  extending 
from  ankle  to  axilla,  with  or  without  extension,  according  to  the  ten- 
dency to  shortening. 

Whenever  there  appear  evidences  of  serious  impairment  of  health, 
due  to  attempts  at  immobilization,  they  must  be  abandoned,  and  the 
general  condition  of  the  patient  attended  to. 

The  shaft  of  the  femur  may  present  any  variety  of  fracture  to  which 
a  long  bone  is  liable,  whether  from  direct  or  indirect  violence  or  from 
the  contraction  of  its  own  muscles.  The  line  of  fracture  is  usually 
oblique,  as  shown  in  Fig.  27  r ;  but  transverse  fracture  is  not  uncommon, 
especially  in  children,  in  whom  also  the  preservation  untom  of  a  part 
of  the  periosteal  investment  of  the  fractured  region  is  frequent.  Nota- 
ble displacement,  longitudinal,  angular,  and  rotary,  usually  attends 
fracture  of  the  shaft.  This  is  due  both  to  the  primarj'  fracturing  force 
and  to  the  subsequent  action  of  the  powerful  muscles  of  the  thigh. 


Fig.  371  ■ — Common  form  of  fracture  of  the 
shaft  of  the  femur  (Hoffa). 


F[(;.  37a. — Diagram  illustrating  direction 
of  chief  lines  of  muscular  contraction,  with 
tendency  to  displacement  resulting  after 
fracture  of  upper  third  of  the  femur. 


This  tendency  to  displacement  assumes  especial  importance  from  its 
bearing  on  the  progress  of  repair  and  upon  the  possibilities  of  perma- 
nent deformity  and  lameness.  Obliquity  of  the  fracture,  generally 
present,  favors  the  slipping  of  the  fragments  by  each  other,  the  tendency 
to  which  is  inevitable,  from  contraction  of  the  parallel  muscular  masses 
which  invest  the  bone.     The  lower  fragment  is  usually  drawn  to  the 
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inner  side  and  behind  the  upper,  with  the  formation  of  a  more  or  less 
well-marked  angular  deformity,  the  projection  of  which  is  often  visible 
on  tlie  anterior  and  outer  aspect  of  the  thij^h.  The  tendency  to  this 
angular  drfnnnity  is  more  apt  to  be  great  in  fractures  of  the  uppcrthird 
of  tlie  shtift,  ill  which,  in  addition  to  the  acliun  of  the  peroneolibinpelvjc 
muscles  upon  the  lower  frafjment,  the  upper  fragment  is  prone  to  be 
tilted  upward  by  the  action  of  the  iliotrochantcric  muscles  (Fig.  272). 
The  effect  of  muscular  contraction  may,  however,  be  much  limited  by 
the  strength  of  the  tendinous  and  aponeurotic  investments  remaining 
untorn  about  the  seat  of  the  fracture. 

Tendencies  to  outward  rotary  displacement  of  the  upjier  fragment 
from  the  uncontrolled  action  of  the  external  rotators  inserted  into  the 
great  trochanter,  and  of  the  lower  fragment  from  the  naturaJ  tendency 
from  gravity  of  the  foot  to  fall  upon  its  outer  side,  also  characterize 
these  injuries. 

The  {/iiig7iosis  of  fracture  of  the  shaft  of  tlur  femur  is  usually  with- 
out (jueslion  upon  simple  ins[)ection  anil  manipulation  of  the  limb,  by 
which  the  classical  signs  of  fracture  are  at  once  appreciated.  The 
thickness  of  the  overlying  soft  tissues,  howcvei',  prevents,  in  most  cases, 
the  accurate  recognition  of  the  details  of  the  hnc  of  fracture  and  of  the 
displacement.  More  exact  knowledge  may  be  obtained  by  the  freer 
manipulation  which  general  anesthesia  would  make  possible;  but  the 
use  of  such  cxtendci.1  matiipulations  should  rarely  be  resorteti  to,  on 
account  of  the  increased  damage  to  the  surrounding  soft  tissues, 
which  they  produce.  An  A*-ray  skiagraph,  when  procurable,  is  of 
es[)ecial  value  in  demonstrating  the  exact  relation  of  the  fragments. 
Comparative  measurement  of  the  length  of  the  t^vo  limbs  is  of 
great  value  for  ascertaining  the  longitudinal  displacement.  It  should 
be  frequently  done  during  the  first  weeks  of  Uealnient,  for  the  pur- 
pose of  controlling  the  exteniling  fmee  to  be  used.  When  meas- 
urements are  taken,  it  is  important,  in  order  to  render  them  exact  fnr 
purposes  of  com|>arison,  that  the  patient  should  lie  upon  a  flat,  firm 
surface,  that  the  pelvis  should  not  be  tilted  in  any  direction,  and  that 
the  longitudinal  axis  of  each  limb  should  make  the  same  angle  with 
the  transverse  axis  of  the  pelvis. 

One  end  of  the  measuring  tape  should  then  be  firmly  pressed  against 
the  lower  surface  uf  the  projecting  anterior  spine  of  the  ilium  above, 
while  the  lower  end  is  carried  to  the  lower  edge  of  the  internal  malleo- 
lus at  the  ankle.  Circat  care  and  repeated  comparison  of  measure- 
ments are  required  to  avoid  errors  due  to  the  readiness  with  which  the 
soft  tissues  covering  the  prominences  named  glide  under  pressure. 

F^ognosis. — This  injury  is  always  a  st-rious  accident,  requiring,  under 
usual  methoils  r\i  treatment,  confinement  to  bed  for  weeks,  entailing 
considerable  disability  and  lameness  for  months,  and,  in  .some  cases, 
such  shortening  as  to  cause  permanently  a  limping  gait.  Usually,  in 
adults,  a  simple  fracture  of  the  shaft  of  the  femur,  intelligently  treated, 
will  by  the  end  of  eight  weeks  consolidate  with  sufficient  firmness  to 
make  it  prudent  for  the  iwiient  to  be  allowed  (lut  of  bed  on  crutches, 
which  after  four  weeks  m*ire  may  be  discarded  altogether.  While  the 
possibility  of  union  without  shortening  in  especially  favorable  cases 
(such  as  transverse  fractures  and  fractures  in  children)  is  undeniable. 
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still,  no  special  method  of  treatment  can  be  depended  on  to  ensure  it  in 
any  j»ivcn  case.  The  normal  asymmetry  of  the  two  limbs  is  not  to  be 
ovcr[ooke<I  in  estimating  the  results  uf  treatnieiit,  for  a  normally  longer 
limb  will  possibly  still  be  as  long  as  the  uppusite  one,  nt>t withstanding 
considerable  shorieiiinfj;  (»r,  on  the  contrarj',  a  normally  shorter  limb 
may,  after  consolidation,  present  ajiparently  marked  shortening,  when 
the  amount  of  shortening  due  to  the  injurj'  has  actually  been  slight. 
Exact  apposition  of  the  fractured  surfaces  can  rarely  be  secured,  nor 
can  some  overriding  uf  the  fragments  be  prevented,  however  intelligent 
and  assiduous  the  care.     A  result  is  to  be  accepted  as  good  when  bony 


Tic.  373— Fr.tc lure  at   Uic  midille  of  ihe  si 


with  shonratng  and 


cxlcniiil  nngulfu  dcformiiy  iW,t(ii:u  Mum-uin,  hustuu;. 

union  has  been  secured  with  no  perceptible  angular  deformtt>',  when 
the  normal  outward  inclination  of  the  foot  has  been  preserved,  and 
when  the  shortening  of  the  limb  docs  not  exceed  an  inch.  In  tlic 
majority  of  cases,  this  should  not  be  more  tlian  \  inch  in  amount.  The 
lapse  of  some  time — at  least  one  year — is  necessary  beft)re  final  judg- 
ment can  be  formed  as  to  the  perfection  of  functional  recovery. 

TreatmiHt. — -The  recumbent  position,  with  some  form  of  continuous 
extension,  combined  with  apparatus  for  the  immobilization  of  the  frag- 
ments, is  requisite.  A  proper  bed  is  important  It  should  be  narrow, 
preferably  36  inches  in  width.  The  mattress  should  be  of  hair,  firmly 
made,  not  more  than  4  inches  thick,  and  should  be  placed  upon  an 
even,  unyielding  surface,  best  and  most  conveniently  secured  by  placing 
unciernealh  the  mattress,  between  it  and  the  springs  which  usually 
support  it,  a  layer,  an  inch  thick,  of  matched  boards.  like  those  of  a 
door.  Thus  the  nates  are  prevented  from  sinking  down  into  the 
mattress,  and  the  nece.ssarj'  care  for  the  reception  and  removal  of 
excretions  is  facilitated.  Decubitus  is  to  be  prevented  by  the  use  of 
pillows  and  pads,  as  required  to  slitft  pressure  ami  promote  comfort. 
Holes  in  the  mattress  or  special  apparatus  for  raising  the  patient  arc 
rarely,  If  ever,  necessary.  Sufficient  access  to  the  urethra  and  the 
rectum  can  be  had  by  raising  the  sound  thigh. 

Extension  is  best  secured  by  the  contiimous  traction  of  a  weight 
(a  bag  of  shot  or  sand,  etc.)  fastened  to  a  cord  which,  jiassing  over  a 
pulley  attached  to  the  foot  of  the  bedstead,  is  fastenetl  lo  strips  of 
adhesive  plaster  which  have  heen  applied  to  either  side  of  the  injured 
limb  from  the  ankle  up  to  the  point  of  fracture.  Fig.  274  shows  the 
method  of  applying  these  strips.     They  should  extend  upward  above 
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the  knee,  along  the  thigh  to  a  point  a  little  above  the  level  of  the  fract- 
ure. The  complete  apparatus  is  shown  in  Fiy.  276.  For  the  purpose 
of  lessening  the  resistance  to  extension  caused  by  the  burrowing  of 
the  foot  anil  leg  into  the  mattress,  they  should  be  lifted  from  the 
surface  of  the  mattress  and  supported  upon  the  sliding  apparatus 
shown  in   Fig.  275  (Volkmann's  sliding  rest)  and  also  in  Fig.  276. 
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FlO.  a?*.— Applicallun  of  adhesive  siripi  (or  nuking  continuous  weinlH-cxteiiston  'A  leg  and 
ibtgh :  (I.  the  adhc»iTc  pliuler  shaped  nnd  applied  ;  A,  the  rvUining  roller  bandage  applied,  and 
(he  Eippamtua  rnuty  for  itcacbment  u(  ttte  vie>tch(. 

Sufficient  counterextension  i.s  obtained  from  the  weight  of  the  body, 
aided  by  elevating  the  foot  of  the  mattress -board,  or  of  the  bedstead 
if  preferred,  to  the  extent  of  6  or  more  inches;.  This  extension  appa- 
ratus should  be  applied  as  soon  after  the  accident  as  possible.  By  the 
continuous  tension  of  a  moderate  weight-traction  thus  exerted,  the 
inevitable  spasm  of  the  thigh  muscles  is  gradually  overcome,  and  the 
overriding  of  the  fragments  is  c6rrected.     A  weight  of  10  pounds 
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Fig.  37S> — Sliding  (oct-piecc  (ifler  Volkitunn). 


should  be  attached  at  first  in  the  case  of  an  adult,  this  being  increased 
from  day  to  day,  as  found  necessary,  until  measurenienls  show  the 
injured  limb  to  be  of  equal  length  with  its  fellow.  About  the  fifth 
week  the  weight  may  be  discarded.  At  the  same  time  the  whole  limb 
should  be  steadied  by  a  posterior  splint  reaching  from  the  gluteal 
crease  above  to  the  lower  edge  of  the  calf  below.     Liberal  padding 
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should  be  placed  under  the  knee,  so  as  to  flex  it  slightly,  and  thus  pre- 
vent the  painful  hyperex  tens  ion  of  the  kiiee-lij^'ameiits  oiht-rwisc 
caused  by  the  wcight-traction.  The  roller  bai)daij;e  by  which  this 
posterior  sphnt  is  tixed  to  the  limb,  applied  with  moderate  firmness 
below  the  knee,  should  be  sufficiently  loose  alony  the  thigh  to  accom- 
modate later  swellin*;.  For  the  immobilization  of  the  fracture  chief 
reliance  is  to  be  placed  upon  a  lon^'  external  sjiHnt  reaching  from  the 
axilla  above  to  beyond  the  sole  of  the  foot  below.  The  application 
of  this  splint  is  shown  in  Iwp.  276. 

The  lower  end  of  this  splint  passes  through  the  slot  shown  in  the 
footpiece  of  the  sliding  rest,  and  thereby  full  control  of  any  tcedcncy 
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Fio.  376.— Complete  pcrntanenl  dressing  for  Eraetare  of  shaft  of  the  femur. 

to  outward  rotation  of  the  foot  is  secured,  for  by  tilting  the  transverse 
pieces  which  support  tlie  tramway  along  which  this  foot-rest  slides,  any 
lateral  inclination  desired  can  be  given  to  the  foot. 

At  the  expiration  of  a  week,  the  tendency  to  shortening  having 
been  overcome,  and  the  primar)*  swelling  nf  the  thigh  having  begun  to 
subside,  short  coaptation  splints  may  be  added  to  the  internal  and 
anterior  surfaces  of  the  thigh.  The  retention  of  the  limb  in  its  splints 
will  be  required  for  a  period  of  from  eight  to  ten  weeks  before  suffi- 
ciently firm  consolidation  will  have  occurred  to  make  it  prudent  to 
dispense  with  them  and  get  the  patient  up  on  crutches.  Should,  how- 
ever, any  reason  arise  making  it  important  to  get  the  patient  out  of 
bed  at  an  earlier  dale,  or  slinuld  delay  in  consolidation  indicate  need 
for  the  stimulus  of  locomotion  and  the  upright  position,  and  relief  from 
tedious  confinement,  sufficient  support  to  the  fracture  may  be  obtained 
by  encasing  the  limb  and  pelvis  in  plaster-of-Paris  bandage,  or  by  the 
application  of  the  iron  hip-splint  of  Thomas  (Fig.  277),  or  some  form 
of  the  tniction-braces  used  in  the  treatment  of  hip  disease.  In  chil- 
dren, on  account  nf  their  restlcs.sncss  and  the  special  attentions  needed 
to  keep  the  dressings  free  from  urine  and  feces,  vertical  suspension  of 
the  limb  (Fig.  278)  may  with  advantage  be  substituted  for  the  longi- 
tudinal extension  used  for  older  patients. 
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In  some  cases  of  fracture  throuKh  the  upper  third  of  the 
shaft,  the  tendency  to  displacement  may  bt;  so  j^rcut  that  it  cannot 
be  overcome  until  the  ihigh-niuscles  are  relaxed  by  moderate  flexion 
of  the  thigh  upon  the  pelvis  .iiid  of  the  leg  upon  the  thigh.  This  can 
be  accomplished  by  placing  the 
limb  upon  a  double  inclined  plane 
(Fig.  279J.  Traction  in  the  long 
axis  of  the  femur  may  be  obtained 
by  applying  the  adhesive  straps  to 
the  thiijh  only,  and  elevating  the 
pulley  at  the  foot  of  the  bed. 

The  lower  third  of  the  femur 
may  be  broken  by  direct  violence, 
or  by  such  indirect  force  as  a  fall 
upon  the  feet  or  knee,  or  a  propul- 
sion forward  of  the  body  with  the 
knee  held  in  hype  rex  tension,  or  by 
a  combination  of  torsion  and  trac- 
tion. Fractures  in  this  portion  of 
the  bone  have  an  especial  gravity 
on  account  of  the  proximity  of 
the  knee-joint,  the  possibility  of 
the  popliteal  blood-vessels  being 
compressed  or  lacerated,  and  the 
tendency  to  e.vcessive  blood-extrav- 
asation from  the  torn  vessels  of  the 
vascular  bone  and  the  investing  peri- 
osteum. 

The  line  of  fracture  may  be 
more  or  less  transverse  from  side 
to  aide,  with  anteroposterior  obliq- 
uity, or  may  run  obliquely,  de- 
taching a  condyle  and  entering  into 
the  knee-joint-  There  may  be  much 
comminution,  with  or  without  imp;ic- 
tion  of  fragments.  In  childhood  and 
youth,  the  lower  epiphysis  alone 
may  be  lorn  away— an  accident 
which,  in  the  majority  of  reported  cases,  has  been  caused  by  entangle- 
ment of  the  leg  in  a  revolving  wheel.  The  dispLicemcnt  depends 
chiefly  upon  the  direction  of  the  fracturing  force  and  the  lines  of 
obliquity  presented  by  the  fragments.  In  supracondyloid  fractures, 
the  line  of  fracture  is  often  oblique,  from  behind  downward  and  for- 
ward, with  protrusion  of  the  lower  end  of  the  upper  fragment  forward 
and  downward  toward  the  patella  (Fig.  280) ;  but  displacement  of  an 
opposite  character  is  not  infrequent.  When  with  the  first-mentioned 
displacement  the  line  of  fracture  is  above  the  insertion  of  the  gastroc- 
nemii  muscles,  the  lower  fragment  may,  in  exceptional  instances,  become 
so  strongly  flexed  by  the  contraction  of  these  muscles  that  the  fract- 
urc<i  surface  project^  backward  into  the  popliteal  space,  and  great, 
sometimes  insuperable,  difliculties  may  attend  efforts  to  secure  prc^r 


VXii.  377 — Itiurnahi  hip-4plini  u«tl  .1* 
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tion  of  muscles  by  flexion  of  the  Icj^  upon  the  thigh  and  of  the  pelvis 
should  be  first  secured.  While  the  |>;irt.s  art-  kept  in  this  positJun,  the 
reduction  Is  to  be  effected  by  mani^juliitioii  and  extension.  In  many 
instances  retention  of  the  fragnienl.s  in  position  after  reduction  may 
best  be  maintained  by  keeping  the  leg  flexed  for  a  time  upon  the  thigh, 
at  an  angle  as  acute  as  can  be  borne  with  comfort  by  the  patient,  the 
fixation  being  effected  by  suitable  bandaginj;,  while  the  limb  as  a  whole 
is  supportetl  upon  pillows  or  is  slung  in  a  hammock. 

Any  tendency  to  shortening  is  prevented  by  the  breadth  of  the  fract- 
ured surTaces  and  the  interlocking  of  their  irregularities  after  reduction 


Flo.  a8o. — Fraciurt!  ihi'»ut:)i  Uie  lower 
third  of  itie  femur  hunlrd  in  dcditniiiy ; 
dispIoceinL-iii  uf  ih«  lowt-f  t^nil  »f  ilic 
upper  bufpni-nl  downward  nnd  (orwajd 
(Hohhotue). 


Flc.  aSi. — DtaKratn  »trowing  usual  db- 
pbcemcni  ufter  >c|«nition  oT  Ibc  lower 
«:pj(j|iy!iii  uf  the  fomur  (Rob&on). 


has  been  effected ;  while  muscular  contraction  is  largely  antagonized  by 
the  position.  In  exceptional  cases  it  may  be  well  to  put  the  calf-mus- 
cics  still  further  at  rest  by  section  of  the  tendo  Achillis.  Plaster-of- 
Paris  bandages  may  be  used  to  advantage  in  .ionic  instances.  Hy  the 
third  week,  the  angle  of  flexion  may  be  reduced  a  half,  and  soon  there- 
after a  straight  position  will  be  possible,  without  disturbing  the  apposi- 
tion of  the  fragments.  In  many  cases,  after  reduction,  the  straight 
position,  with  or  wiilioul  weight-extension,  as  the  presence  or  absence 
of  tendency  to  shortening  may  indicate,  may  be  employed  from  the 
first.  Wound  of  either  of  the  great  popliteal  vessels  calls  for  exposure 
of  the  injured  point  by  free  incision  and  ligation,  with  either  amputation 
at  once  or  its  postponement  until  the  possible  failure  of  conservative 
measures  shall  have  unmistakably  declared  its  necessity.  If  the  knee- 
joint  has  been  |x*nctrated,  either  by  the  primary  line  of  fracture  or  by 
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a  sharp  spicule  of  the  displaced  upper  fragment,  it  may  become  greatly 
swollen  by  blood -extravasation.  If  absolute  asepsis  is  obtainable,  this 
may  be  evacuated  by  aspiration  or  incision  ;  otherwise,  its  removal  must 
be   left  to  alworption,  aided   by  massage  and  bandage-compression. 


* 


Fig.  afia. — Traiwvcrte  fmct- 
ure  of  the  paldla. 


Fir.       2^3.— CriTnmioutecl 
fracture  of  the  patella, 


FUi.  3&4. — Wrtical  tinctute- 
o(  the  pAtcllo. 


Lnng-continued  stiffness  of  the  joint  and,  in  some  cases,  permanent 
ankylosis  rem;iin,  whatever  the  treatment. 

The  Patella. — Fracture  of  the  patella  is  usually  the  result  of  cross- 
breaking  strain  exerted  upon  the  bone  by  the  contraction  of  the  quadri- 
ceps fcmoris,  when  in  flexion  of  the  knee  the  patella  is  only  partially 
supported  by  the  convexity  of  the  condyles.  Often  direct  violence 
combines  with  muscular  action  to  effect  the  fracture,  as  in  a  fall  or  blow 


Fig.  aSs-*^^'* '''*"''  *-''  ''"^  p^lella,  nhnwmf;  defective  tappmiiion  o(  frncturr<(urfac<4  evrn  wbefp 
fragmrnU  uk  brouuht  inlu  conUi-l  by  niunJiiuIation  througlt  ovcrlyiiiK  tofi  p«rt»  (Warren). 

Upon  the  bent  knee.     In  very  exceptional  instances,  fracture  is  caused 
by  direct  violence  alone. 

The  line  of  fracture,  as  a  rule,  is  transverse  or  slightly  oblique,  being 


wated  at  or  just  below  the  niiddk-  of  the  bone.  Stellate  or  vertical 
lines  of  fracture  occur  as  the  result  of  direct  violence  (Figs.  282- 
284).  The  overlying  fibrous  coverings  of  tlic  bone  are  stretched  and 
irregularly  toni,  and  the  tear  extends  lateriilly  to  a  var}'tng  degree,  in 
cJirtlrcnl  cases,  into  the  aponeurotic  capsule  of  the  knee-joint.  The 
[lei^rt--e  to  which  tlie  upper  fragment  is  retracted  depends  u]>on  the 
extent  of  laceration  of  these  fibrous  investments;  usually  the  se|Kira- 
tion  docs  not  exceed  an  inch  in  extent,  but  occasionally  it  amounts  to 
3  or  more  inches.  In  fracture  by  direct  violence  alone,  the  fibrous 
investments  may  be  but  slightly  Ii»rn,  and  no  appreciable  separation  of 
the  fragments  may  result  Tilting  of  the  fragments,  so  that  Ihctr  frac- 
tured surfaces  no  longer  face  each  other,  is  frequent  (Fig.  285).  The 
fractured  surface  of  the  upper  fragment  is  prone  to  be  turned  in 
toward  the  cavity  of  the  knee-joint  by  the  action  of  the  vasu  fibers 


Pic.  386. — Tnnwprae  frocture  of  ibe  puella; 
ftattarctl  turfncc  pdrlially  covcrfdbjr  irregular  flap* 
of  tun  apoacuroMs  (HoBTa). 


Pig.  xS7' — Fibrous  b^nd  of 
anran  nfler  fracture  of  the  miclla 
(HoSa). 


inserted  into  its  sides,  while  the  distal  fragment  may  be  tilted  forward 
by  fluid  ciifuscd  into  the  joint. 

Into  the  gap  between  the  fragments  the  prepatellar  tissues  fall,  and 
a  fringe  or  apron,  compnsetl  nf  shreds  of  the  stretched,  lacerated, 
fibrou.s  covering  of  the  patella,  in  many  cases  invests  much  of  the 
fractured  sur&ce,  more  especially  of  the  proximal  fragment  (Fig.  286). 
The  defective  apposition  of  the  fractured  surfaces  and  the  presence 
between  the  fragments  of  so  much  fibrous  tissue  is  sufficient,  as  a  rule, 
to  prevent  bony  union,  however  carefully  the  part  is  immobilized  and 
retraction  of  the  upper  fragment  prevented.  As  exceptions  to  this 
rule  stand  only  some  fractures  by  direct  force  in  which  neither  exten- 
sive laceration  of  the  fibrous  investments  nor  much  separation  of  the 
fragments  has  occurred. 
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The  fibrous  band  uniting  the  fragments  fFJg.  287)  docs  not  exceed 
\  inch  in  length  in  mos^  favorable  cases,  and  the  functions  of  the  hmb 
may  not  be  noticeably  impaired.  Gradual  elongation  of  the  uniting 
mediiini  is,  however,  of  frequent  occurrence,  so  that  the  distance 
between  the  fragments,  which  upon  the  removal  of  api^xiratus  was 
scarcely  \  inch,  may  be  found  after  some  months  to  have  become 
several  inches.  Complete  rupture  of  the  band  has  been  frequently 
recorded. 

Wide  separation  of  the  fragments  is  not  incompatible  with  usefulness 
of  the  limb,  whenever  that  portion  of  the  aponeurosis  of  the  vasti  mus- 
cles which  is  inserted  into  the  sides  of  the  lower  fragment  has  remained 
intact.  Marked  rigidity  of  the  knee-joint  jjersists,  as  a  rule,  for  some 
time  after  the  removal  of  apparatus,  due  to  the  jieri-articular  contract- 
ures and  adhesions  following  the  inflammatory  and  hemorrhagic  inhl- 
trations  of  the  soft  tissues  and  the  long  disuse  of  the  joint.  This 
gradually  diminishes  ini<ler  ordinary  use,  but  in  most  cases  some 
diminution  of  range  of  flexion  and  los.s  of  power  of  active  extension 
persist  throughout  life.     Occasionally  the  knee  remains  quite  stiff. 

The  symptoms  of  fracture  of  the  patella  are  at  once  recognizable  by 
sight  and  touch;  the  division  of  the  bone  into  fragments  more  or  less 
widely  separated  and  capable  fif  individual  mobility  declares  unmis- 
takably the  nature  of  the  accident.  The  loss  of  power  is  usually,  hut 
not  necessarily,  at  once  complete ;  it  is  dependent  in  some  measure 
upon  the  extent  of  the  laceration  of  the  lateral  aponeuroses.  Disten- 
tion of  the  knee-joint  supervenes  rapidly  from  the  accumulation  of 
blood  and  serum  within  its  cavity,  and  extensive  ecchymosis  of  the 
adjacent  connective  tissue  quickly  follows. 

Treatment. — The  knee-joint  should  be  immobilized  by  a  suitable 
splint  adjusted  to  the  back  of  the  limb,  while  the  foot  is  elevated  upon 
a  pillow  (Fig.  288).  An  ice-bag  or  an  evaporating  lotion  should  be 
applied  to  the  knee  to  check  efl'usion  and  limit  inflammator>'  reaction. 


FlC.  fl88. — Showing  hock  splint  and  ekvulioii  or  fuut  advised  fur  bactured  paleUa 

iHftmilloo). 


After  the  third  day  these  may  he  omitted,  and  the  absorption  of  effu- 
sion promoted  by  the  elastic  pressure  of  a  flannel  roller  bandage, 
aided  by  massage.  Retraction  of  the  upper  fragment  is  to  be  con- 
trolled by  adjusting  a  shield  of  adhesive  plaster  to  tlie  front  of  the 
thigh,  so  that  the  lower  edge  of  the  plaster,  when  drawn  upon,  shall 
encompass  the  upper  edge  of  the  jiatella.     To  the  lower  Literal  angles 
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of  this  shield  strong  elastic  bantts  are  fastened,  which  arc  attached 
below  to  the  under  surface  of  the  splint  at  the  Ankle,  and,  drawn  tense, 
may  exert  a  constant  downward  pressure  upon  the  fragment  The 
subsidence  of  the  swelling  and  the  tendency  of  the  superficial  tissues 
to  glide  make  frequent  readjustment  of  this  apparatus  necessary. 

The  permanent  splint  to  be  worn  during  immobilization  is  best 
made  from  sevei-al  iaj'crs  of  canton  flannel  or  lowelling  saturated. 
with  p!aster-of- Paris  cream,  secured  while  still  plastic  to  the  pos- 
terior aspect  of  the  Hmb  by  a  roller  bandage.  The  pieces  of  cloth 
should  be  long  enough  to  reach  from  the  ankle  to  the  gluteal  crease, 
and  wide  enough  to  cover  two-thirds  of  the  circumference  of  the  limb; 
at  the  joint  the  splint  should  not  extend  above  the  most  projecting 
point  of  the  condyles.  Two  thicknesses  of  the  cloth  suffice  for  the 
greater  portion  of  the  splint,  but  these  should  be  reinforced  in  the 
middle  under  the  knee  by  two  extra  layers.  The  adjustment  of  this 
permanent  sphnt  should  be  deferred  until  the  primary  joint-swelling 
has  subsided.  The  posterior  immobilizing  splint  should  be  retained 
for  six  to  eight  weeks,  but  after  the  first  week  daily  massage  of  the 
quadriceps  femoris  muscle  should  be  made,  access  to  the  anterior  por- 
tion of  the  thigh  requiring  merelj'  the  temporary  removal  of  the  outer 
bandage.  After  the  third  week  the  whole  app:tratus  should  be  daily 
removed,  and  massage  of  the  joint,  with  gentle  passive  movements, 
added.  By  this  method  of  treatment  a  close,  strong,  fibrous  bond 
may  be  secured  with  the  least  amount  of  joint-disability. 

Failure  to  secure  bony  union  is  due  to  the  presence  of  fibrous 
tissue  between  the  fragments,  and  no  prolongation  of  the  period  of 
immobilization,  nor  special  method  of  approximation  will  secure  other 
than  fibrous  union,  unless  this  is  removed.  To  accomplish  this  would 
require  free  exposure  of  the  fracture-surfaces  by  incision  through  the 
overlying  soft  parts,  but  the  risks  of  subsequent  suppunition  within 
the  knee-joint  are  too  great  to  render  such  incision  advisable,  e.vcept 
by  a  surgeon  skilled  in  aseptic  operative  technic.  When,  however, 
the  neces.sary  aseptic  conditinns  can  be  secured,  the  fracture  may 
be  exposed  by  a  free  longitudinal  incision,  the  shreds  of  fibrous  tissue 
and  the  blood-clots  whicli  cling  to  the  broken  edges  removed,  the 
blood  within  the  joint-cavity  gently  sponged  or  irrigated  out,  and  the 
fragments  secured  in  close  apposition  by  sutures  passed  through  the 
overlying  periosteum,  and  through  the  aponeurosis  on  either  side. 
Chrnnsicized  catgut  is  preferable  for  these  sutures.  The  insertion 
of  silver  wire  through  the  bony  substance  of  the  fragments  to  hold 
them  together  is  unnecessary  and  objectionable,  on  account  of  the 
amount  of  handling  and  bruising  of  the  parts  which  it  entails.  The 
sufierficial  incision  should  then  be  closed  by  two  tiers  of  sutures, 
one,  of  catgut,  to  the  deep  fascia,  and  one.  subcuticular,  of  silk  or  fine 
silver  thread.  TJie  posterior  plaster  splint  should  then  be  applied. 
After  four  weeks  this  splint  should  be  left  off.  passive  movements  Insti- 
tuted, and  attempts  at  walking  begun.  By  tlie  end  of  the  sixth  week 
all  restraint  of  the  active  use  of  the  limb  may  be  abandoned,  and  free 

I  flexion  encouraged.  Cases  thus  treated  show  uniformly  rapid,  firm, 
bony  union,  with  a  minimum  amount  of  peri-articular  stifTness  and 
muscular  atrophy.     The  risks  of  infective  accident  arc,  however,  too 
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great  to  render  ihi.s  method  of  treatment  advisable  for  adoption  by  the 
general  practitioner  in  recent  simple  fracture.  In  cases  of  compound 
fracture,  however,  it  should  be  done  as  a  matter  of  routine,  with  special 
precautions  as  to  the  thorough  cleansing  and  drainage  of  the  joint. 
In  old  cases  of  fracture,  with  noticeable  disability  from  non-union, 
exposure  by  incision,  removal  of  intci'vciting  soft  tis.'iuc.  refreshing  of 
the  bore-edges,  apjiroximation  and  suture  together  of  the  fragments, 
sliouUI  he  done,  if  safeguards  of  asepsis  can  be  assured.  Owing  to 
the  tension  required  in  most  of  such  old  cases  to  bring  the  fragments 
into  apposition,  wiring  of  the  fragments  together  is  usually  called  for 
in  this  class  of  cases. 

Numerous  mctliods  have  been  suggested  for  tying  llie  fragments 
together,  in  recent  cases,  by  thread  passed  under  or  around  them  sub- 
cutaneously,  without  a  free  incision  into  the  in- 
jured area.  All  these  methods,  however,  fail  to 
meet  the  prime  indications  for  removing  the  fibrous 
material  that  may  be  between  the  fragments  and 
of  clearing  the  joint  of  biood-clols,  while  they 
entail  risks  of  infection  nearly  as  great  as  those 
which  attend  open  incision.  The  use  of  steel 
hooks  whose  points,  penetrating  the  skin  until 
they  become  engaged  in  the  anterior  surface  of 
the  fragments,  can  be  approximalcd,  and  thus 
draw  and  hold  together  the  fragments,  has  only 
liistdiical  interest 

The  I/Cg. — Fractures  of  the  bones  of  the  leg 
are  second  in  the  order  of  frequency  only  to  those 
of  the  bones  nf  the  forearm.  In  by  far  the  largest 
proportion  of  cases,  both  the  tibia  and  the  fibula 
are  broken.  The  tibia  and  the  fibula  are  alone 
broken  in  about  equui  degrees  of  frequency.  The 
lower  third  nf  tliese  bnnes  is  tlie  most  frequent 
scat  of  fracture,  but  fractures  involving  the  mid- 
dle or  upper  thirds  are  not  infrequent.  All  the 
varieties  of  fracture  and  all  the  causes  of  fracture 
met  with  in  fractures  of  other  long  bones  find 
their  counterpart  in  the  bones  of  the  leg.  In  this 
region  compound  fnictiire  is  met  with  more  fre- 
(juently  than  in  any  other  part  of  the  body,  owing 
to  the  subcutaneous  position  of  the  tibia  and  the 
frequency*  with  which  a  direct  blow  or  crushing 
violence  is  sustained  b\-  the  legs. 

Frac-turc  involving  the  upper  third  of  the 
bones  of  the  leg  presents  special  conditions  the 
nearer  it  approaches  to  the  knee-joint. 

Impaction    nf    the    lower   fragment   into  the 

upper,  with  comminution  of  the  upper  fragment, 

the  lines  of  fracture  opening  into  the  knee-joint. 

upon  the  feet  from  a  height     Free,  hemorrhage 

the  invnlvement  of  the  pcri-articular 


Fio.  3S9  — CommintHMl 
frBcture  ol  the  bone*  of  ihe 
\<%.  Machincrir  accident ; 
l>one-injMric»  attended  by 
cxtcnsiTc  laceration  of  \oi\ 
tissues,  occcssitating  Am- 
putalioit  abu<rc  the  knee. 


may  result  from  falls 

into  the  cavity  of  the  joint  and 

structures  in  the  inflammatory  conditions  provoked  by  the  fracture  are 
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unavoidable.  Prolonged  joint-stiflhcss  and  swelling  arc  the  result,  and 
permanent  impairment  of  function  is  possible.  Owing  to  the  proximity 
of  large  blood-vessels  and  important  ncrve-lrunks,  additional  complica- 
tions due  to  their  laceration  or  compression  occasionally  arise.  Iso- 
lated fracture  of  the  upper  end  of  the  fibula,  which  may  occur  from 
direct  violence  or  from  the  pull  of  the  bicejw  muscle  under  certain  con- 
ditions. Is  especially  liable  to  have  associated  with  it  rupture  or  contu- 
sion of  the  peroneal  nerve,  and  consequent  paralysis  of  the  structures 
supplied  by  it.  Instances  of  separation  of  the  upper  epiphysis  of  the 
tibia  are  recorded,  in  some  of  which  there  has  resulted  premature  ossi- 
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Fin.  aoo. —  Fracture  of  the  shaft  of  the 
Ubia  and  of  itie  fibula,  with  citcraal  roUry 
diiplKccmcni  (floffiij. 


Flo.  aoi.— Comminuted  fracture  of  rti« 
tibU ;  leg  ruD  over  by  the  wheel  of  a  iticet* 
car. 


fication  of  the  intcrcpiphyscal  cartilage  and  arrest  of  so  much  of  the 
growth  of  the  b<»ni.'  in  length  as  depends  upon  that  structure. 

The  displacement  attending  fnicturcs  of  the  leg  near  the  knee  is 
u.tually  merely  that  resulting  directly  from  the  fntcturing  force,  and, 
when  once  overcome  by  manipulation,  docs  not  tend  to  recur;  but  in 
some  instances  the  contraction  of  the  hamstring  muscles  is  sufficient 
to  cau.se  marked  displacement  of  the  fractured  end  of  the  upper  frag- 
ment by  flexing  it  into  the  popliteal  space,  requiring  fixation  of  the 
whole  leg  in  flexion  until  consolidation  has  become  wt-ll  advanced,  or 
section  of  the  hamstring-tendons,  to  ovcrcomr  the  tendency  to  dis- 
placement. The  head  of  the  fibula,  in  isolated  fracture  of  that  bone, 
may  likewise  be  drawn  upward  by  the  biceps  muscle  away  from  the 
main  portion  of  the  bone  for  an  inch  or  more. 

Fractures  itti'ok'ing  the  shafts  of  the  leg-bones  commonly  exhibit  a 
tendency  to  anterior  angular  displacement  from  the  contraction  of  the 
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muscles  of  the  calf,  which  draw  the  lower  fragment  upward  and  behind 
the  upper,  or  in  front  of  it,  according  to  the  direction  of  the  obliquity 
of  tile  fracture- line.  Rolarj'  displacement  (Fip.  290)  is  likely  to  occur 
from  llic  falling  lo  one  side  of  the  unsupported  foot. 

The  Unvfr  tntis  of  the  bones  ;ire  the  frequent  subjects  of  crushing 
injuries  that  cause  niiiltiplc,  often  compound,  fractures  that  involve  the 
ankle-jnint ;  but  the  most  common  injury  is  simple  fracture  of  the  iibula 
near  its  lower  end,  with  avulsion  of  the  tip  of  the  internal  malleolus, 
and  either  laceration  of  the  lower  tibiofibular  lijjamcnt  or  tearing  away 


FlO.  »iZ--  Fracture  Uirough  lower  third  oC  ihc  blmft  <>(  ilir  uUiu ,  )>usienur  upward  diapUcc- 
incnt  of  th«  lower  fra|[meni  (FraiEter)  (skiagraph  by  GoDtbpeed). 

of  that  portion  of  the  tibia  into  which  it  is  Inserted,  due  to  cross- 
breaking  strain  resulting  frimi  forcible  evcrsion  of  the  fool.  The  typi- 
cal condition  is  shown  In  Fig.  293. 

In  more  extreme  cases,  in  which  to  the  everting  force  is  added  a 
vertical  pressure,  as  in  some  falls  upon  the  feet,  the  astragalus  is  driven 
upward,  disjilacing  upward  and  outward  the  fibular  fragment  and  its 
attaclied  sliver  of  tibia. 

Forcible  inversion  of  the  foot  may  also  tear  off  the  e.vtemal  mal- 
leolus, and  in  extreme  cases  the  tip  of  the  internal  malleolus  also. 
Such  injur)'  is,  however,  of  great  rarity. 

Fracturc  of  the  shaft  of  the  tibia  or  of  the  fibula  alone  may  result 
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from  direct  violence.  The  support  given  by  the  unbroken  parallel 
bone  prevents  much  <lisplaccment,  and,  by  aiding  immobilization,  con- 
tributes to  rapid  rcp;iir  of  the  injury*. 

The  prognosis  in  fractures  of  the  bones  of  the  leg  must  often  be 
unfavorably  affected  by  the  associated  injuries.  Simple  fractures  held 
in  proper  apposition  usually  bccnmc  tirmly  enough  consolidated  to 
bear  the  weiyht  of  the  body  in  walking  in 
from  six  to  eight  weeks.  A  tendency  to 
edema  and  venous  congestion  persists  for 
months  in  some  cases,  especially  in  per- 
sons past  middle  age.  Aching  after  much 
use  is  often  complained  of  for  a  iong  time. 
Delayed  union  in  cases  of  comminuted 
and  of  compound  fracture  is  of  frequent 
occurrence.  Non-union  occurs  with  a  fre- 
quency exceeded  only  by  the  patella  and 
the  humerus. 

Treatment. — Fractures  of  the  leg  arc 
best  treated  by  some  form  of  plastic  splint, 
or  by  the  posterior  wire  splint  (Fig.  294), 
after  correction  of  any  displacement  by 
traction  and  manipulation.  Persistent  re- 
currence of  displacement  due  to  obliquity 
of  the  fracture  and  muscular  spasm  calls 
f(»r  rela.vation  of  the  affected  muscles  by 
pij'iillon  or  Ijy  tenotomy.  Division  of  the 
tendo  Achillis  may  lie  unhesitatingly  re- 
sorted to  for  nvercoming  deformity  caused 
by  contraction  of  the  calf-muscles.  If  the 
fracture  is  unattended  by  much  laceration 
or  contusion  of  the  soft  parts,  a  plastcr-of- 
Paris  roller  bandage  may  be  at  once  ap- 
plied over  a  single  layer  of  cotton  wadding 
by  which  the  i>art  has  been  first  wrapped 
(sec  .section  on  General  Considerations,  page  514].  Careful  watch  of 
the  toes,  always  left  exposed  for  observation,  .should  be  maintained 
at  first,  until  it  is  evident  that  there  is  no  impediment  to  the  free  cir- 
culation of  blood  in  the  jiarts  distal  to  the  fracture.  Should  numb- 
ness, or  lividity.  or  iwllnr  of  the  toes  develop,  the  splint  should  at 
once  be  cut  open  thrnughnut  its  length,  and  sprung  open  sufficiently 
to  relieve  the  con.striction.  The  plaster  roller  should  never  be  pri- 
marily applied  to  a  case  which  cannot  be  thus  watched.  If  the 
plaster  bandage  is  well  borne,  the  patient  may  be  allowed  to  get  up 
from  bed  and  move  about  upon  crutches  with  considerable  freedom 
as  soon  as  the  primary  pain  and  tenderness  occasioned  by  tlie  trauma- 
tism have  subsitlcd.  Whenever,  by  reason  of  the  absorption  of  effu- 
sions or  the  atrophy  of  tissue,  the  plaster  case  gets  loose,  it  should  be 
removed  and  another  applied.  In  any  case  it  should  be  taken  off  at 
the  end  of  the  first  week  for  inspection  and  readjustment,  if  neccssarv'. 
of  the  fracture,  and.  cver>'thing  being  favorable,  a  new  bandage  applied. 
If  the  injury  to  the  soft  parts  is  such  as  to  make  the  safct)*  uf  the 
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immediate  application  of  the  plaster  roller  questionable,  a  posterior 
plaster  gutter,  as  advised  in  the  case  uf  the  patella,  should  be  resorted 
to.  The  splint  should  extend  from  abuvc  the  knee  to  the  base  of  the 
toes,  and  should  leave  the  anterior  third  of  the  le^  exposed  (sec  Fig. 
295)  It  is  best  held  in  place  by  a  many-tailed  bandajjc  which  per- 
mits the  frequent  inspection  of  the  site  of  fmcturc  witlinut  ;iny  disturb- 


Vui.  9r94.— Fiacture  nf  \eg_  intmobilltcd  in  a  pottrrwr  wite  tpltnt. 

ance  of  the  fragments.  When  the  swellinjj  has  subsided,  usually 
during  the  second  week,  the  plaster  roller  bandage  may  be  substituted 
for  the  gutter. 

Special  caru  i.s  to  be  exercised  in  tht-  a|jf>ticalion  of  these  dressings 
that  the  foot  be  kept  uj>  to  a  right  angle  with  the  long  axis  of  the  leg, 
and  that  no  lateral  de\'iation  occur,  the  head  of  the  first  metatarsal 


'':i~.'''','iT^''''^ 


Fl<-   3yS. — I'fHteriiir  Kyptum  f^ll«r-«filini- 

boiic  being  in  the  same  line  with  the  inner  edge  of  the  patella  and  the 
anterior  su[ierior  spine  i>f  the  ilium. 

For  the  temporary  fixation  of  the  fragments,  until  place  and  mate- 
rials for  the  plastic  dressings  can  be  priH;ured.  well-padded  strips  of 
board  secured  to  the  limb  by  circular  turns  of  bandage  wilt  serve  a 
good  purjjoHc.  Three  strips,  one  posterior  and  one  for  each  side, 
should  be  used;  they  should  extend  from  the  middle  of  the  thigh 
above  to  beyond  the  sole  of  the  foot  below  ;  they  should  be  so  padded 
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as  to  fit  the  inequalities  of  the  limb  when  snugly  drawn  up  to  it  by  the 
bandage ;  they  should  be  wide  enough,  so  tliat  the  encircling  bandage 
when  applied  should  not  tnuch  the  k■^^  For  the  special  care  required 
in  the  treatment  of  compound  fractures,  see  page  516. 

Am(>uiator)'  Dressings. — In  cases  suitable  for  the  application  of  the 
plaster  bandage,  it  is  possible  so  to  adjust  the  dressing  that  the  portion 


Flu  Jyu— AmbuUlory  drcMiiig  for  fracture  of  the  Ixtncs  of  lh«  leg, 

of  the  limb  distal  to  the  fracture  may  be  suspended  in  the  rigid  dress- 
ing which  has  been  made  to  extend  beyond  the  sole  of  the  fool  below 
by  interposing  an  inch  thickness  of  cott<in  between  the  sole  of  the  foot 
and  that  portion  of  the  bandage  wliich  conies  in  contact  with  the 
ground,  the  upper  part  of  the  dressing  grasping  the  prominences  about 
the  knee  and  the  conical  surfaces  of  the  thigh,  so  as  to  transmit  the 
weight  of  the  body  from  them  through  the  splint  to  the  ground,  with- 
out disturbing  the  seat  of  fracture.  The  swinging,  dejietident  position 
of  the  limb  and  the  muscular  movements  required  in  the  efforts  to  use 
such  a  limb  actively  in  locomotion  produce  nutritive  conditions  more 
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favorable  to  repair  than  those  which  attend  the  anemia  caused  by  the 
elevated  position,  the  bandaging,  and  the  disuse  which  are  a  part  of 
the  methods  of  treatment  usually  followed.  Special  watchfulness 
against  possible  pressure-necrosis  is  required  in  the  use  of  such  a 
dressing,  and  it  should  not  be  ventured  upon  in  cases  in  which  the 
prominences  about  the  knee  are  excoriated  or  edematous. 

For  its  proper  application  practical  familiarity  with  the  ordinary 
application  of  the  plaster  bandage  is  requisite,  and  it  is  not  to  be  recom- 
mended for  use  by  the  general  practitioner.  In  the  hands,  however, 
of  surgeons  who  have  the  necessary  technical  skill  and  experience, 
this  ambulatory  dressing  may  be  applied  in  most  cases  of  simple  fract- 
ure of  the  leg,  with  the  result  of  avoiding  in  many  cases  the  disadvan- 
tage of  prolonged  detention  from  the  activities  of  life,  of  expediting  the 
full  consolidation  of  the  fracture,  and  of  securing  an  earlier  restoration 
of  the  full  functions  of  the  limb. 

Tlie  Bones  of  the  Foot. — Fractures  of  the  asfraKalus  or  of  the 
OS  calcls  are  more  commonly  the  result  of  a  fall  from  a  height,  the 
weight  of  the  body  being  received  squarely  upon  the  sole  of  the  foot. 
Some  comminution  is  the  usual  accompaniment,  and  dislocation,  often 
compound,  is  a  frequent  complication.  A  portion  of  the  os  calcis  may 
be  torn  off  by  violent  contraction  of  the  calf-muscles.  Crushing  inj  uries 
from  direct  violence  may  present  every  degree  of  comminution  of  these 
bones  and  laceration  of  the  overlying  soft  tissues. 

In  the  case  of  compound  injuries  not  requiring  amputation,  excision 
of  loose  fragments,  and  even  of  the  entire  astragalus,  may  be  indicated. 
In  the  less  severe  injuries,  after  the  fragments  have  been  moulded  into 
place,  retention  is  best  secured  by  a  plaster-of- Paris  bandage,  especial 
care  being  taken  that  the  foot,  when  fixed,  is  flexed  at  a  right  angle  to 
the  leg.  When  the  contraction  of  the  calf-muscles  tends  to  draw  away 
a  fragment  of  the  os  calcis,  section  of  the  tendo  Achillis  should  be  made. 

The  metatarsal  bones  and  the  phalang:es  of  the  toes  are  frequently 
the  subjects  of  crushing  injuries,  calling  for  amputation  or  for  excision 
in  their  treatment. 


CHAPTER    XVir. 


II^URIES   TO  THE  JOINTS;   DISLOCATIONS. 
in;ufues  to  the  joiNTa 

The  joints,  although  strong  arid  well  arranged  to  resist  violence, 
none  the  less,  as  ihc  parts  of  the  body  in  which  mobility  is  greatest, 
fonil  weak  points  in  the  trcononiy.  and  as  such  furnish  the  subject  of 
an  iniiHjrlaiit  chaptc-r   in    the  .siir|4t_'r>'   hnth   cif  injury   aiul   tiiseasc. 

Importance  of  Injuries  to  the  Joints.— This  is  to  be  regarded 
first  as  to  the  degree  of  Immediate  local  injury.  'I'his  may  be  so  severe 
or  complicated  by  so  extensive  coexistent  damage  to  the  soft  parts  as 
to  endanger  the  safety  of  the  limb;  or,  on  the  other  hand,  the  structures 
proper  to  the  joint  itself  may  alone  materially  suffer.  Such  injuries 
may  be  completely  recuveretl  frum,  or  they  may  leave  beliind  tliem  a 
ten<lency  to  recurrent  innan^mation,  a  certain  degree  of  physical  weak- 
ness, or  a  varyin-T  degree  of  interference  with  the  normal  range  of 
motion  of  the  joint. 

The  special  importance  of  the  slighter  injuries  to  tlic  joints  lies, 
however,  in  their  relation  to  the  various  constitutional  diatheses,  wherein 
e\*cn  a  vcrj'  slight  trauma  may  lead  to  the  most  serious  results.  This 
connection  is  perhaps  most  strikingly  exemplified  in  tuberculous  dis- 
ease. Here  the  number  of  cases  in  which  the  aftcction  dates  from  an 
injury  oflen  marked  by  insignificant  immediate  results  is  astonishingly 
great.  Though  less  frequent,  yet  not  les.s  important  is  a  similar  his- 
tory in  the  case  of  joint-suppuration  secondary  to  acute  infective  bone- 
inflammation  in  the  young.  Again,  the  course  of  joint-injuries  may  be 
seriously  influenced  by  the  gouty  or  rheumatic  diathesis,  and  still  more 
importantly  by  the  hemophilic.  .-V  form  of  arthritis  destructive  in 
character  is,  moreover,  sometimes  induced  in  old  persons  or  even  in 
adult  life,  best  known  as  chronic  traumatic  arthritis. 

Contusions. — These  injuries  are  common,  and  vary  considerably 
in  severity  and  importance.  The  superficial  position  of  some  articula- 
tions renders  them  liable  to  considerable  contusion  as  the  result  of 
comparatively  slight  violence,  while  others  are  protected  by  their  deep 
.tltuation.  As  in  so  many  other  Instances,  the  knee-joint  takes  the  first 
place  in  this  respect,  in  consequence  of  its  exposed  and  superficial 
position,  its  functional  importance,  and  its  size  and  strength. 

Contusions  are  cither  caused  by  blows  with  blunt  bodies,  or  are  the 
result  of  striking  the  joint  against  the  ground  in  a  fall.  In  the  slighter 
forms  these  injuries  are  followed  by  superficial  ecchymosis  and  a  vary- 
ing degree  of  joint-efliision,  the  fluid  consisting  of  an  aiimi.xturc  of 
blood  and  synovia  in  different  proportions.  Such  effusions  are  usually 
attended  by  the  appearance  of  local  swelling,  heat,  and  more  or  less 
pain  from  tension — the  signs,  in  short,  of  simple  synovitis,  the  direct 
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result  of  trauma — and  perhaps  by  the  presence  of  blood  in  the  joint- 
cavity.  In  the  absence  of  any  diathetic  complication,  the  ordinary 
course  is  to  resolution. 

From  the  nature  of  the  violence  producing  them,  however,  con- 
tusions of  the  joints  are  often  complicated  by  very  severe  injury  to  the 
surrounding  soft  parts — the  skin,  subcutaneous  tissue,  the  bursse,  the 
muscles  and  tendons,  the  vessels,  the  nerves,  or  the  bones  being  more 
or  less  implicated.  In  many  of  these  instances  the  joint-lesion  takes  a 
secondary  place.  Effusion  into  the  bursse,  of  the  same  nature  as  that 
within  the  articular  cavity,  often  complicates  a  joint-contusion,  and  may 
lead  to  some  difficulty  in  diagnosis,  the  bursa,  as  the  more  superficial 
structure,  sometimes  giving  rise  to  the  more  prominent  initial  signs  and 
symptoms.  Small  fragments  of  the  bones  or  cartilages  may  be  broken 
off,  too  insignificant  to  lead  to  the  case  being  classed  as  one  of  fracture, 
.but  yet,  in  view  of  possible  after-results,  needing  an  equal  amount  of 
care  in  treatment. 

The  ordinary  course  of  these  injuries,  when  occurring  in  healthy 
persons  and  moderate  in  degree,  is  to  resolution  and  complete  recovery. 
Certain  after-consequences,  however,  are  common  ;  the  least  important 
of  these  is  the  persistence  of  local  pain,  with  some  consequent  limita- 
tion of  function.  Again,  simple  effusion  may  persist  for  some  con- 
siderable time.  When  portions  of  the  bone  or  cartilage  are  broken 
off,  these  may  so  unite  as  to  interfere  with  the  proper  movements  of 
the  joint,  or  they  may  remain  as  loose  bodies,  giving  rise  to  the  ordinary 
train  of  symptoms  observed  when  these  are  present.  With  regard  to 
the  latter  point,  however,  it  should  be  noted  that  separation  of  loose 
fragments  is  rare  in  the  absence  of  previous  pathological  change,  a 
change  which  is  usually  of  the  nature  of  chronic  rheumatoid  arthritis,  in 
which  the  articular  margins  are  unduly  prominent. 

Treatment  of  Contusions. — Slight  contusions  are  best  treated  by 
rest  and  the  application  of  cooling  lotions  or  by  hot  bathing;  more 
severe  ones,  by  a  splint  and  an  ice-bag  or  Leiter's  tubes.  In  cases, 
however,  where  ecchymosis  is  a  prominent  feature,  great  caution  should 
be  exercised  in  the  application  of  ice,  since  the  lowering  of  the  tem- 
j>erature  may  so  interfere  with  the  vitality  of  the  skin  as  to  lead  to 
gangrene.  If  effusion  is  the  prominent  symptom,  no  better  treatment 
can  be  adopted  than  the  immediate  application  of  a  plaster-of-Paris 
splint;  but  this,  as  a  rule,  should  not  be  kept  on  for  more  than  a  few 
days,  as  too  prolonged  fixation  may  lead  to  troublesome  stiffness  of 
the  joint.  When  the  splint  is  removed,  hot  bathing  and  gentle  exercise 
will  help  to  ensure  the  early  resumption  of  the  normal  mobility.  If 
the  treatment  needs  to  be  at  all  prolonged,  massage  is  most  useful. 
This  maybe  commenced  while  the  joint  is  still  tender,  but  in  this  stage 
it  should  be  directed  to  the  muscles  acting  on  the  articulation,  and  not 
to  the  tender  joint  itself 

Sprains  of  Joints. — This  term  is  used  to  describe  injuries  of 
joints  resulting  from  forcible  movements  in  which  the  normal  range 
is  exceeded.  Sprains  may  be  produced  by  false  movements,  too  great 
voluntary  muscular  efforts,  or  by  blows  or  falls.  Such  injuries  may 
result  in  mere  nipping  of  the  synovial  fringes,  in  more  or  less  exten- 
sive rupture  of  the  ligaments,  or  in  separation  of  small  fragments  of 
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bone  together  with  the  latter  structures.  Sprains  are  also  necessarily 
attended  by  much  strijtching  of  the  tendons  and  tendon-sheaths  sur- 
rounding the  articulation. 

The  immediate  result  is  the  establishment  of  an  abnormal  degree 
of  mobility,  and  hence  weakness  and  want  of  proper  stability.  This 
condition  is  accompanied  by  pain,  mid  is  followed  by  effusion  into  the 
joint-cavity,  and  often  alsn  into  the  tendon-sheaths  surrounding  the 
joint.  At  a  later  date  ecchymosis  occurs,  when  the  deeply  effused 
blood  has  had  lime  to  make  iLs  way  to  the  surface. 

Results  of  Sprains.—Much  tJiat  has  been  .said  as  to  the  results  of 
joint-injuries  in  general,  and  as  to  the  results  of  contusions,  apphes 
equall)'  well  in  the  case  of  sprains.  One  result,  however,  must  be 
specially  mentioned — namely,  the  persistent  weakness  due  to  abnom»al 
mobility.  This  may  depend  on  the  stretching  of  the  ligaments  due  to 
lon^-standing  effusion,  to  insufficient  repair  of  an  injured  ligament,  or 
to  the  stretching  '^i  the  new  cicatrix.  Careful  fixation  of  the  joint  at 
the  time  of  injury  is  therefore  the  special  indication  in  the  treatment  of 
these  injuries. 

Treatment  of  Sprains. — Here  again  much  that  has  been  said  as 
to  the  treatment  of  contusions  applies,  but  two  points  need  special 
mention — first,  that  effusion  is  often  a  prominent  sign  ;  and  secondly, 
that  everj'  efi^ort  must  be  made  to  prevent  the  persistence  of  ahnormal 
mobility.  Both  conditions  are  best  treated  by  immobilization  in  a 
plaster-of- Paris  splint.  For  effusion  alone,  this  should  not  be  long 
retained;  but  when  rupture  of  ligaments  has  been  diagnosed  by  the 
presence  of  abnormal  mobility  in  any  direction,  it  may  need  to  be  con- 
tinued three  or  more  weeks.  The  splint  is  best  made  of  Bavarian  flannel, 
so  as  to  allow  of  its  being  tightened  up  or  removed  as  swelling 
decreases  or  massage  is  thought  desirable.  In  the  case  of  the  great 
weight-bearing  joints,  such  as  the  knee,  a  leather  support  with  lateral 
hinges,  so  as  to  allow  of  llexion  and  extension  of  the  joint,  and  yet 
fully  control  any  lateral  movement,  is  often  useful  when  the  plaster  is 
removed.     It  may  be  worn  several  months  with  advantage. 

Massage  should  be  begun  early,  in  order  to  avoid,  as  far  a.s  possible, 
weakness  of  the  muscles,  and  to  ensure  security  to  the  position  of  the 
joint  by  the  retention  of  a  proper  tone  in  them.  As  in  contusions,  the 
rubbing  should  be  applied  to  the  muscles  while  the  joint  itself  is  too 
tender  to  bear  direct  manipulation;  and.  in  fact.it  is  to  the  muscles 
rather  than  to  the  joint  itself  that  this  treatment  is  the  more  useful. 
In  some  cases,  particularly  the  ankle  and  wrist,  effusion  into  the 
icndon-sheaths  around  the  articulation  may  be  a  more  prominent 
feature  than  the  joint-effusion  itself  The  same  treatment  in  the  main 
should  be  adopted,  bearing  in  mind  the  necessity  of  earlier  movement 
in  the  case  of  the  tendon-sheaths,  and  the  special  efficacy  of  frictional 
treatment.  Beyond  massage,  properly  limited  and  graduated  exercises, 
so  arranged  that  the  sujjporting  tendons  are  braced,  while  the  damaged 
part  of  the  joint-capsule  i.s  not  stretched,  arc  of  great  value. 

A  word  of  warning  should  be  added  here  as  to  the  treatment  of 
these  injuries  when  they  occur  in  gout)'  subjects.  Very  considerable 
inflammatorj'  signs  are  often  developed,  so  as  to  arouse  the  suspicion 
of  suppuration.    Such  cases  should  be  treated  with  the  utmost  caution. 
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and  on  no  account  should  an  incision  be  made  without  absolute  con- 
viction of  its  necessity,  since  such  a  procedure  often  gives  rise  to  wide- 
spread cellulitis  and  prolonged  suppuration. 

Wounds  of  Joints. — These  niay  be  punctured,  incised,  contused, 
or  lacerated;  and  liicir  relative  gravity  dejiends  on  the  possession  of 
one  or  other  nf  ihese  characteristics,  and  on  the  nature  of  the  instru- 
ment by  which  they  have  been  produced, 

Signs  of  Wound  of  a  Joint. — When  a  wound  is  of  the  punctured 
variety,  small.  ver>'  ubiique,  or  coniphcaled  by  extensive  laceration  of 
the  skin,  situated  at  some  little  distance  from  the  joint  itself,  some  dif- 
ficulty may  arise  in  determining  whether  the  articulation  has  been 
opened  ur  not.  Tlic  pathognomonic  sign  is  the  escajie  of  synovial 
fluid  This  is  usually  sufficient  proof,  but  it  is  by  no  means  always 
present ;  and  beyond  this  we  have  to  bear  in  mind  the  possible  escape 
of  small  quantities  of  similar  fluid  from  bursa*  or  tendon-shea  tils  in  tlic 
immediate  vicinity.  Giving  full  importance  to  this  sign,  therefore, 
when  it  exists,  we  have  often  to  decide  in  its  absence,  and  then  depend 
mainly  on  the  history  of  the  case,  careful  examination  of  the  wound, 
the  position  of  the  opening,  and  on  the  occurrence  of  rapid  efiusion 
of  either  .synovi.i  or  blood  into  the  joint-cavity. 

Suppuration  of  a  Joint. —  The  occurrence  of  synovitis  in  a  varying 
degree  is  to  be  expected  In  most  cases,  and  tlic  injury  begins  to  acquire 
special  importance  only  when  further  clianges  lead  us  to  suspect  the 
advent  of  suppuration.  The  mode  of  onset  of  this  may  vary  consider- 
ably, In  the  most  acute  cases  the  temperature  at  once  rises  to  102°  F. 
or  more,  often  with  the  concurrence  of  a  rigor,  and  always  with  a 
decided  increase  in  the  amount  of  pain  experienced.  Meanwhile  the 
pulse  steadily  gains  in  frequency  and  acquires  a  bounding  character. 
Swelling  of  the  joint  becomes  more  marked,  (lie  tension  often  becoming 
extreme  ;  redness  and  edema  of  the  surface  appear.  TJie  pain  is  acute, 
constant,  and  accompanied  by  exacerbations  due  to  the  relaxation  of  the 
spasmodically  contracted  muscles,  which  latter  gives  rise  to  sudden  startt 
that  destroy  any  chance  of  the  patient's  obtaining  projjer  sleep.  Slce[>- 
Icssness,  again,  is  an  important  indication  of  constitutional  absorption. 

If  unrelieved,  the  process  extends,  infection  IravclUng  by  the  original 
route  of  the  wound  into  the  areolar  planes  in  the  neighborhood  of  the 
joint,  and  into  any  bursa!  extensions  which  may  exist.  The  extension 
may  be  so  widespread  as  to  involve  the  whole  limb,  if  the  patient's 
strength  holds  out  long  enough  ;  but,  on  the  other  hand,  it  may  be 
checked  by  timely  incision  of  the  joint  and  the  affected  area  of  the 
limb.  Together  with  the  extra-articular  changes,  continuous  destruc- 
tion proceeds  within  the  joint  itself,  the  synovial  membrane  becomes 
transformed  into  a  mass  of  granulation-tissue,  or  sloughs;  the  carti- 
lages become  eroded  and  separated,  and  the  bones  denuded  of  thdr 
periosteum.  These  local  processes  arc  accompanied  by  a  continuance 
of  the  general  symptoms  already  detailed ;  the  temperature  may  rise  to 
104"  or  105"  F..  and  profuse  perspiration  oecurs  at  night.  The  pulse 
gains  in  rapidity  and  loses  in  strength,  the  appetite  is  lost,  the  tongue 
becomes  drj'-,  furretl,  and  brown,  and  pain  and  the  drain  due  lo  the 
suppuration  rapidly  produce  exhaustion.  Again,  a  fatal  termination 
may  be  hastened  by  the  supervention  of  septicemia  or  pyemia. 
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In  other  cases,  the  process  is  by  no  means  so  acute  in  its  onset  or 
subsequent  progress.  The  first  signs  of  trouble  are  a  slighter  rise  of 
temperature,  acceleration  of  the  pulse,  and  a  less  amount  of  swelling 
and  pain.  If  an  opening  exists  by  which  synovial  fluid  escapes,  this 
will  be  first  noticed  to  contain  fiakes  of  Iym]>h,  and  later  become  puru- 
lent;  or  similar  characters  will  be  noted  in  synovi.i  drawn  off  with  the 
aspirator.  If  uainterfercd  with  by  treatment,  the  further  changes  may 
resemble  those  already  detailed,  the  various  stages  being  only  more 
slowly  developed. 

Results  of  Wounds  of  Joints — The  immediate  results  of  wounds 
of  joints  have  been  considered  in  tlie  preceding  paragraphs,  it  only 
remains  to  say  a  word  concerning  the  more  remote.  First,  should  a 
large  joint  suppurate,  the  serious  attendant  illness  must  set  a  material 
mark  on  the  constitution  uf  the  patient;  secondly,  even  the  slighter 
forms  of  inflammation  may  be  followed  by  troublesome  stiffness  of  a 
more  or  less  permanent  nature,  and  in  the  severer  forms  this  may 
amount  to  complete  ankylosis,  cither  of  the  fibrous  or  the  bony  varict>'. 
Again,  the  termination  of  the  period  of  acute  suppuration  maybe  only 
the  comniencenicnt  of  a  chronic  arthritis  of  indefinite  duration. 

Treatment  ol  Wounds  of  Joints. ^When  the  wound  is  small,  the 
first  point  for  decision  is  whether  ilie  joint  should  be  opened  up  and 
thoroughly  disinfected.  In  deciding  this  question,  we  are  mainly  influ- 
enced by  the  nature  of  the  instrument  that  produced  the  injurj-.  if 
this  was  small  and.  as  far  as  we  can  judge,  clean,  the  best  course  is  to 
seal  the  wound,  place  the  limb  u(Min  a  splint,  and  await  events.  If  the 
wound  is  larger,  it  is  better  at  once  to  lake  steps  to  render  both  the 
wound  and  the  joint  itself  as  aseptic  as  may  lie  in  our  power.  The 
next  question  is  that  of  drainage.  If  this  be  decided  upon,  the  tube 
should  be  inserted  at  the  most  dependent  part  of  the  articulation.  In 
many  cases  it  is  preferable  to  close  the  joint,  apply  pressure,  and.  in 
the  event  of  free  cIVusiuti.  to  iaiscrl  a  director,  and  thus  evacuate  the 
fluid  and  relieve  tension,  this  procedure  being  repeated  a>«  often  as  may 
prove  necessary'.  In  any  case,  if  a  tube  is  inserted,  it  shduld  be  dis- 
pensed with  as  soon  as  possible 

The  wound  once  healed,  the  further  treatment  of  the  case  is  that  of 
a  simple  one  of  traumatic  synovitis.  If  we  should  fail  in  our  first 
cflbrt  to  asepticize  the  joint,  and  suppuration  should  follow,  the  articu- 
lation must  be  incised  and  thoroughly  drained.  The  sooner  this  is 
undertaken,  the  better  chance  there  is  of  preventing  widespread  infec- 
tion of  the  surrounding  tissues  and  the  development  of  ht)j)clcss 
destructive  changes  in  the  joint.  This  most  important  step  having 
been  taken,  the  next  question  is  the  best  mode  of  dressing  the  wounds. 
Three  forms  of  treatment  arc  open  to  us:  i.  To  dress  frequently,  so 
as  to  remove  alt  discharge  at  the  earliest  moment  possible ;  2.  To  set 
up  a  constant  irrigation-apparatus ;  3.  To  place  the  iMtient  or  the  limb 
in  an  antise;>tic  bath.  The  main  objection  to  the  first  plan  is  the 
exhaustion  often  caused  to,  the  patient  by  the  process  of  dressing; 
nevertheless,  this  is  sometimes  necessary,  and  if  the  joint  drains  freely 
and  the  discharge  is  not  very  abundant,  it  is  often  the  best  plan.  Con- 
stant irrigation  often  gives  excellent  results;  but  this  also  is  exhausting 
to  the  iwtient.  esiwcially  if  a  large  joint  is  aflected.     If  chosen,  it 
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should  be  arranged  with  a  tank  of  antiseptic  fluid  kept  at  a  uniform 
temperature  of  ioo°  F.,  the  fluid  being  conveyed  across  the  joint  by 
properly  arranged  tubes.  The  process  may  then  be  continued  for  sev- 
eral days  with  intermissions.  Both  it  and  the  next  method  are  particu- 
larly indicated  where  there  are  abundant  suppuration  and  sloughing. 
The  constant  bath  is  most  useful  in  the  case  of  the  small  joints  of  the 
extremities,  or  in  children,  whose  entire  bodies  may  be  immersed,  the 
temperature  of  the  fluid  being  carefully  regulated.  Excellent  results 
are  to  be  obtained  in  suppurating  knee-joints  in  children  by  this  method, 
the  Umb  being  placed  on  a  back  splint  in  the  bath.  The  best  fluids  to 
employ  are  those  of  a  non-poisonous  character,  such  as  boric-acid 
lotion,  or  creolin  i  :  300  or  400,  especially  the  latter.  If  perchlorid 
lotion  is  employed,  it  must  not  be  stronger  than  I  :  5000,  and  great 
care  must  be  taken  to  watch  the  patient  narrowly.  Neither  irrigation 
nor  bath-treatment  should  be  continued  if  the  limb  becomes  sodden. 

During  the  carrying  out  of  these  local  methods,  the  patient  should 
be  kept  up  by  the  free  administration  of  fluid  nourishment,  combined 
with  a  sufficient  supply  of  stimulant ;  quinin  may  be  administered  inter- 
nally. If  the  organism  causing  suppuration  should  be  proved  to  be  a 
streptococcus,  the  question  of  the  employment  of  antistreptococcic 
serum  must  also  be  considered,  especially  if  the  constitutional  symptoms 
are  severe.  Should  our  efforts  to  check  the  mischief  fail  and  the 
patient  shows  signs  of  sinking,  amputation  may  be  necessary. 

DISLOCATION  OF  JOINTS, 

This  term  is  applied  to  the  condition  in  which  one  or  other  of  the 
bones  entering  into  the  formation  of  an  articulation  is  permanently  dis- 
placed. The  dislocation  takes  its  name  from  the  distal  of  the  two 
bones ;  thus,  a  dislocation  of  the  shoulder-joint  is  understood  to  mean 
a  displacement  of  the  humerus. 

Dislocations  are  most  conveniently  classed  according  to  their  causes, 
and  by  this  method  the  following  four  varieties  may  be  distinguished : 
1.  Traumatic;  2.  Congenital;   3.  Spontaneous;  4.   Pathological. 

Beyond  this,  dislocations  are  sometimes  spoken  of  as  complete  and 
incomplete. 

The  comparative  frequency  of  dislocation  of  the  individual  joints 
differs  greatly,  the  variation  depending  mostly  on  the  anatomical  dispo- 
sition of  the  joint,  the  age,  sex,  and  occupation  of  the  patient.  The 
statistics  given  on  page  604,  compiled  from  the  records  of  St.  Thomas's 
Hospital,  London,  offer  a  very  fair  view  of  the  influence  of  these  factors, 
since  great  care  has  been  taken  to  include  all  dislocations  of  the  upper 
extremity  treated  at  the  hospital. 

Causation. — Displacement  may  be  the  result:  I.  Of  external  vio- 
lation; II.  Of  muscular  action;  III,  Of  pathological  changes  in  the 
ligaments  ;  or  IV.  of  a  congenital  deficiency  in  the  development  of  the 
joint. 

External  Violence. — This  may  be  direct  in  its  nature,  when  the 
articular  end  of  the  bone  is  driven  against  a  limited  portion  of  the 
capsule,  which  gives  way  at  that  spot  and  allows  the  escape  of  the 
bone  in  a  corresponding  direction.     The  further  course  may  be  influ- 
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enced  by  the  continued  exertion  of  the  violence,  the  force  of  gravity, 
the  normal  elasticity  of  the  muscles  and  other  structures  surrounding 
the  articulation,  and  the  amount  of  injury  to  surrounding  parts;  but 
in  all  cases  its  final  direction  and  extent  arc  determined  by  the  portion 
of  the  capsule  which  remains  intact.  Direct  violence  is  responsible  for 
a  considerable  proportion  of  the  less  common  dislocations,  such  as 
those  of  the  huniLMLis  backward,  or  of  the  tibia  from  the  femur. 

Indirect  violence  \%  a  much  more  fruitful  source  of  dislocation,  the 
force  being  applied  at  some  distance  from  the  affected  joint,  and  the 
leverage  exerted  corresponding  cither  with  the  length  of  the  bone  or 
often  of  the  whole  limb.  A  very  great  majority  of  the  more  common 
dislocations  of  the  type-forras  arc  produced  in  iliis  manner,  ccrMin 
definite  portions  of  the  capsule  being  especially  liable  to  rupture  in 
the  different  joints,  and  the  |jermanent  position  of  the  displaced  bone 
depending  on  the  same  factors  that  have  already  been  enumerated  in 
speaking  of  dislocations  from  direct  violence.  Such  dislocations  are 
naturally  less  liable  to  be  accompanied  by  severe  local  injur)*  to  the 
soft  parts.  Indirect  violence  in  almost  all  cases  carries  a  natural 
physiological  movement  beyond  its  normal  limit ;  and  it  may  be  no'ted 
that  of  all  movements,  that  of  forced  abduction  is  the  most  generally 
dangerous. 

Muscular  Action. — What  has  been  said  of  dislocation  by  indirect 
violence  holds  almost  equally  well  for  the  explanation  of  dislocation 
by  the  forcible  contraction  of  the  muscles.  The  only  distinction  is 
that  the  range  of  leverage  which  can  be  exerted  is  not  so  great. 
Thus,  many  such  dislocations,  notably  that  of  the  mandible,  really 
depend  on  a  very  slight  eicaggeration  of  the  normal  physiological 
movement  of  the  joint.  Such  dislocations  are  not  uncommon  in  c<in- 
vulsions  from  epilepsy  or  other  causes,  or  may  be  the  result  of  forci- 
ble use  of  a  hmb.  as  in  striking  out  the  list,  or  in  lifting  heavier  weights 
than  the  individual's  strength  warrants. 

IIk-  occurrence  of  curtain  conditions  generally  favoring  dis- 
locations tnu.st  be  here  lirielTv  miisiilL-tLil. 

Anatomical  Peculiarities  and  Exposed  Position  of  the  Joint. — 
These  will  be  dealt  with  under  the  heading  of  the  Special  Joints.  It 
suffices  here  to  point  to  the  frequency  of  dislocations  of  the  shoulder- 
joint  as  the  most  striking  exeni])lification  of  these  influences. 

Age. — Taken  as  a  whole,  it  is  no  doubt  correct  to  say  that  the  pre- 
disposition to  di.-ilocation  increases  steadily  from  the  first  deccnnium 
upward,  and  in  the  table  on  page  604  this  point  is  practically  borne 
out 

Tbe  coiupanitivc  infrtijucncy  in  children  i!>  lo  be  explained  by  (hp  fact  thai  (he  nUacli* 
fnc»l  (if  the  )i>iril-caii.%ute  \s  of  u  ^tr<lu^l■t  iMturc  thnu  llie  ctiiiii«t:ii()n  belween  ibc  nii|iliviis 
Mhd  Jiaphysis;  licucc.  experience  liai  •ih<>«n  that  the  traumatic  M-paration  of  Itir  i«U<r  in 
part  Uikfb  the  place  tif  (li>liK*ultiirt.  A^nin,  ihe  :tli|;hlri  IhkI)  weight,  gimtrr  elnMkil)', 
cimipanttive  weakness  cif  the  sliafts  of  the  bones  and  fieMlriin  from  laborious  occupatiun  in 
chUuhuotl  ate  all  uiifavurablc  to  the  uvcuirciKc  uf  (lixlucntipn. 

The  increase  in  strength  and  aptiindc  in  the  muvcle*  contomiiant  with  the  year*  of  tooal 
active  exiBtencc  lower*  the  danj^cr  in  nclull  hfc,  while  with  the  approMcb  of  old  age  ifae 
gradual  atrophy  of  tbc  buncs  and  ligaments  and  the  lews  of  elasticity  of  the  muscles  lower 
tKith  ihc  capiid^  to  withkund  violence  from  without  and  the  cap«t>illty  of  ovoidinf;  ii.  At 
has  been  pointed  out  by  KrOolein.  the  relative  freqnencj  in  old  age  is  far  grenier  than  itic 
actual,  if  the  numttcr  of  (lialocation*  i*  cnmyMted  with  that  of  penotu  of  fifty  >e4rs  of  afe 
■rtd  ^iwatd,  uuce  the  Utter  \%  luKuinlty  Mnall  cuaipared  with  the  numlier  under  that  liniL 


6o4 


INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 


to 

I 


2        J,'  ^  '\r\0^\^-i^\r^t^\ 

"£,30  — -Of-lO   —   OCT- 


Cfc    r>     f^                                       P-i^ 

■♦     *"    5' 

1                 N 

z                   '      "1 

■       "I 

+      ::    ...  - 

1         1 

*       ..'^« 

1 

^ 

r 

-o 

*  -        ■ 

1         ■    ro 

!  S-:  4i 

0          -O    —    CT.'*)*^© 
*                00    ■-.                        U1 

1          1          1    N     1 

—              ■"  .                                                   1  00       . 

,         1                                                                 1         !   - 

0          (-.Oiroin*.*!**      -O      ■     ■ 

SO 

N    ■  «  ■•      M    ■  —    ■    oe    SO 

so   1 

f               -   =   - 

8.1  *-- 

•O                  HHH.                    N-.—           -ON 

1  8 

1               ,*-            - 

8>!  "  :  : 

- 

■     ■     -           ■     ■     "     "1         1         \    t^ 
1         1 

„   ,      .-^-«    ^^'  g-j      .    .- 

- 

m -■      ^    O* 

1   f 

0 

>• 
1 

a 

ui         O  N  O  trimtrivt 

Z 

g^  «  .  . 

90 

t*lMM—            O-ONx 

^'? 

r 

•J             H    7  N    M    M             O 

O.    ■     - 

'                                                                  1          '          1    '^ 
»      t^-- 00      «t^ 

i                                                                 1   •"       - 

■                                                         1         .         1    ■*   i 

"n                                ^               .-[                                 .... 

2    S*  ^ 

H 

—    M  -O   mac   NOig-"--"         "ff*—-          r^.M'tl 

1 

00  ;     ■ 
i 

A 

N 

DO 

gN« 

—   —   r^  -■         t>.vO   -■   f^ 

•^ 

1 

£ 

f^ 

9 

0 

^. 

i« 

*rf 

1* 

^ 

^ 

>^ 

R 

» 

•^  - 


I 


s  r 


^  5-i 


J3 

■  E 


a  n  5 


—    >-   in 


2    -r- 


.■ii;3=sE    .2 

QJ 

n 

^=:a;aiD-Ji.    H 

SS    2      £ 


.t:x! 


.  ■    ,^  i= .«  r^  c" 

—     u.  H  s-  i^  H 


I. 

■   « 

I 


,2  ■£ 


"fc  *  ^ 


1^. 

Hi 


DISLOCATION  OF  /OfA'TS, 


605 


Sex. — As  in  the  case  of  most  traumata,  the  male  sex  is  far  the  more 
Hablc  to  these  accidents,  or  acconnt  of  the  more  active  nature  of  the 
occupation  pnr.sued.  In  the  St  Tlinmas's  table  of  1207  dislocations. 
869,  or  71.99  per  cent.,  occurred  in  men;  338,  or  28  per  cent.,  in 
women. 

Occupation  and  Degree  of  Muscular  Education  and  Development. 
— Thf  occupation  of  the  indivithi.il  necessarily  exercises  a  most  impor- 
tant influence  on  the  hability  to  dislocation. 

Many  callings  fTnm  their  intrinMc  nature,  npow  the  individual  lt>  chance)  of  eiclenuil 
Tinlencc  qiiilr  outoidr  Clir  <;x|>cricii<:ex  of  oniiiiary  life.  IIul  against  this  we  have  to  put  the 
fnt-t  that  pcr«a»  whose  work  needs  great  musculnr  effort  arc  luiutlly  well  deveIo]>eil  and 
able  to  b>eaT  safely  strains  which  w<>uld  be  of  grmt  dAnger  to  the  ontiiukty  individual. 
Again,  it  is  not  only  a  qiieMiori  of  mere  strciiKih,  bul  also  of  wlint  may  be  eallrd  (fdwi-niinn. 
Il  has  beer  remarked  by  Sir  A»tley  Cooper  ihnt,  given  a  contracted  (.tate  of  the  nMiicle*.  a 
di!>l«eaiiMn  is  an  impuMlbility  ;  and  there  exists  no  doubi  that  thoAC  wlio»  calling  dependH 
iDOttly  on  the  u«  of  the  muwle*  poineM  a  rnjMiiity  10  withHand  stnin  fir  mbovc  thai  pos- 
scMccl  by  th«-«  whoK'  occupation  is  of  u  lighter  or  more  sedentary  nature. 

1-astIy,  the  occurrence  of  dislocation  in  some  individuals  may  be 
facilitated  by  the  c.xi.*!tencc  of  an  abnormal  laxity  of  the  ligaments 
and  soft  structures,  or  deficiency  in  the  conformiilion  of  tlie  bone- 
cxtremitics. 

Cases  are  ven  in  whieh  a  joint  may  be  didnrated  in  varying  degrees  <^"d  this  aptitude 
may  be  cullivHlet)  rvrn  by  p>irti(.ularly  |>uwerful  Mibject.s  the  U[!<)iucnts  eluti£BliO|i  U  the 
wmXx  at  gmitiiaird  Mrniti 

Pathology. — ^The  all-important  feature  in  dislocation  Iie.<!  in  the 
tnjur\-  to  tlic  capsule.  The  jiosition  of  the  rent  dctcrntincs  in  great 
measure  the  direction  taken  by  the  displaced  bone,  wliile  upon  its 
extent  depends  the  distance  to  which  the  bone  may  travel,  the  intact 
portion  of  the  capsule  being  the  main  check  to  the  passage  of  the 
bone  into  other  than  typical  po.sjtions.  Again,  a  small  rent  in  the 
capsule  may  be  the  chief  obstacle  to  reduction  in  difficult  cases,  while 
very  free  laceration  may  result  in  difficulty  in  maintaining  the  replaced 
bone  in  position.  The  direction  of  the  rent  may  be  oblique  in  the  axis 
of  the  joint,  or  it  may  be  transverse  to  this  axis.  In  the  latter  case,  it 
usually  lies  near  to  the  surface  of  the  bone  which  forms  the  cavity;  in 
the  former  case,  it  often  occurs  at  a  definitely  weak  portion  of  the 
capsule,  such  as  the  under  and  inner  portions  of  the  ligament  in  the 
hip-  and  shoulder-joints. 

Certain  portions  of  the  capsules  are  very  rarely  torn.  These 
usually  correspond  to  definite  strengthening  bands,  such  as  the  ilio- 
femoral of  the  hip  or  the  coracohumeral  of  the  shoulder.  The  escape 
of  these  bands  from  injury,  of  course,  dependt  chiefly  on  their  intrinsic 
strength,  and  its  importance  cannot  be  overestimated,  since  upon  their 
limiting  influence  dejK-nds  the  position  taken  up  by  the  displaced  bone, 
a  point  amply  proven  by  the  experience  gained  in  producing  the  various 
dislocations  experimentally  on  the  de.id  body.  When  the  capsule  is 
completely  rent,  one  of  the  so-called  atypical  positions  is  the  result 
While  removing  from  the  muscles  the  function  of  determining  the 
position  taken  up  by  the  displaced  bone,  we  must  none  the  less  bear 
in  mind  that  tJie  rigid  contraction  which  takes  place  to  maintain  the 
parts  at  rest  and  reheve  pressure-pain  forms  one  of  the  main  obstacles 
to  reduction. 
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Beyond  the  injury  to  the  joint-capsule,  varying  degrees  of  laceration 
may  occur  in  the  several  soft  structures  surrouncSng  the  articulation,  or 
even  fracture  of  the  bones  themselves.  The  more  common  forms  of 
injury  to  the  soft  parts  consist  in  more  or  less  contusion  and  ecchy- 
mosis  of  the  skin,  this  being  the  more  marked  when  the  injury  is  due 
to  direct  violence ;  in  contusion  and  laceration  of  the  subcutaneous  and 
deeper  planes  of  connective  tissue ;  in  contusion  and  laceration  of  the 
muscles,  and  rupture  or  separation  of  tendons  from  their  attachments. 
Less  commonly,  dislocation  may  be  complicated  by  pressure,  contusion, 
or  rupture  of  the  main  artery  or  vein  of  the  limb  or  one  of  their  large 
branches.  The  accidents,  with  their  attendant  risks,  will  be  again 
referred  to  under  the  heading  of  those  special  dislocations  in  which 
they  are  most  commonly  met  with.  They  may  be  followed  by  gan- 
grene of  the  limb,  death  from  internal  hemorrhage,  the  development 
of  traumatic  aneurysm,  or  thrombosis. 

Injuries  to  nerves  are  comparatively  rare.  They  may  be  followed  by 
more  or  less  permanent  paralysis,  according  to  whether  the  nerve  has 
been  contused,  suffers  permanent  pressure,  is  stretched,  or  has  been 
completely  ruptured.  Again,  primary  injury  of  the  nerve  may  be  fol- 
lowed by  the  development  of  secondary  neuritis,  producing  similar 
symptoms. 

The  commonest  form  of  injury  to  the  bones  is  the  so-called  "  fract- 
ure par  arrachement  "  of  Mai.sonneuve.  In  this  the  portion  of  bone  to 
which  a  ligament  is  attached  is  separated,  or  one  or  more  of  the  bony 
prominences  in  connection  with  the  joint  is  torn  off  by  the  tendon 
inserted  into  it.  A  less  common  form  is  that  In  which  a  portion  of  the 
margin  of  an  articular  cavity  is  broken  off  or  the  floor  of  the  cavity 
perforated.  Beyond  these  intrinsic  injuries,  a  distant  fracture  of  one  of 
the  bones  entering  into  the  articulation,  or  one  adjacent  to  it,  may  be 
caused  by  the  same  violence. 

Lastly,  a  dislocation  of  one  of  the  bones  of  the  trunk  may  be  com- 
plicated by  injury  to  the  neighboring  viscera,  Thus,  the  sternal  end  of 
the  clavicle  occasionally  presses  on  the  trachea,  or  a  dislocated  vertebra 
on  the  spinal  cord. 

The  occurrence  of  a  dislocation  is  always  followed  by  the  develop- 
ment of  a  certain  degree  of  synovial  effusion,  the  synovia  being  more 
or  less  abundantly  mixed  with  blood.  Such  effusion  is  usually  quickly 
absorbed,  but  it  may  occasionally  be  very  abundant — a  matter  of  some 
importance,  as  it  may  facilitate  the  recurrence  of  a  reduced  dislocation, 
if  proper  means  are  not  taken  to  keep  the  bones  in  position.  The  blood 
effused  into  the  surrounding  tissues  is  also  usually  rapidly  reabsorbed. 
It  .serves  also  as  a  basis  for  the  development  of  the  cicatricial  tissue 
necessary  for  repair  of  the  capsule  and  other  damaged  structures. 
The  rent  in  the  capsule  is,  however,  closed  by  tissue  far  weaker  than 
the  normal  ligament,  more  capable  of  distention,  and  more  liable  to 
rupture  on  comparatively  slight  strain ;  hence  the  importance  of  pre- 
vious dislocation  in  the  event  of  future  injury.  The  torn  muscles  and 
tendons  heal,  but  when  the  latter  have  torn  away  pieces  of  bone 
with  them,  the  repair  of  the  fracture  is  seldom  exact.  This  may 
lead  to  serious  subsequent  limitation  of  the  range  of  movement  of 
the  joint. 


D  1st  oca: 


Signns  and  Symptoms  of  Dislocation.— These  are  most  con- 

vericiitly  ilividcd  into  classes  :  i.  Hiosc  visible  on  inspection  ;  2.  Those 
to  be  determined  on  palpation  and  manipulation ;  3.  Tliose  dependent 
on  interference  with  function  of  the  joint  and  pressure  by  the  displaced 
bone  on  surrounding  structures. 

Inspection.— By  this  is  determined  the  general  position  of  the 
member,  alterations  of  contour,  the  projection  of  certain  bony  pronii- 
ncnccs  and  the  absence  of  others,  and,  finally,  apparent  allenUions  in 
the  length  of  the  limb,  which  may  be  substantiated  or  otherwise  by 
actual  measurement. 

Palpation. — Hy  this  is  ascertained  the  altered  relation  of  various 
fixed  bony  points,  and  the  recognition  of  those  which  arc  unduly 
prominent ;  in  addition  to  this  is  determined  the  absence  of  others  from 
their  nomjal  positions,  often  accompanied  by  a  feeling  of  "  hollow  ten- 
sion "  of  the  investing  soft  parts  and  the  presence  of  the  displaced  bone 
in  an  abnormal  position. 

Interference  with  Function. — This  is  determined  by  first  asking 
the  patient  to  perform  certain  movements  voluntarily,  and  then  making 
similar  ones  passively,  thus  estimating  how  far  the  normal  functions  are 
limited,  and  in  what  directions. 

To  the  signs  above  enumerated  we  may  add  the  existence  of  pain, 
much  exaggerated  by  movement,  especipilly  marked  where  ner\'e-trunks 
are  pressed  upon,  and  sometimes  special  symptoms  due  to  the  pressure 
of  the  displ.iccd  bone  on  the  vessels  or  neighboring  viscera.  Lastly,  it 
must  be  borne  in  mind  that  ail  the  usual  signs  may  be  more  or  less 
obscured  by  swelling  due  to  contusion  and  local  injur)'. 

Diagnosis- — From  Contusion  or  Sprain. — It  suffices  here  to  say 
that  .ill  the  tiefiiiite  signs  of  ilisloc.ilion  are  absent;  but  that,  on  the 
other  hand,  the  nature  of  the  injury  suffered,  the  pain,  swelling,  and 
interference  with  function  m.iy  suggest  the  po.ssibilitj'  of  its  presence. 
In  such  cases  the  first  step  is  the  careful  exclusion  of  all  signs,  and  if 
doubt  still  exists,  the  administration  of  an  anesthetic,  which  will  clear 
up  all  chance  of  error.  In  such  cases  too  much  care  cannot  be  given 
to  the  inspection  of  the  ciise.  the  patient  being  sufficiently  uncovered  to 
allow  a  thorough  comparison  to  be  made  with  the  corresponding  part 
on  the  other  side  of  the  body. 

From  Fracture. — As  to  the  broad  distinctions,  it  should  be  remem- 
bered that  in  dislocation  the  normal  range  of  movements  is  limited, 
while  sliglit  mobility  in  abnormal  directions  may  be  present ;  in  fracture, 
the  mobility  >>*  increased.  In  dislocation  the  deformity,  if  removed,  does 
not  return  ;  in  fracture  it  di>es.  The  deformity  of  the  limb  in  disloca- 
tion is  not  so  evidently  the  result  of  the  action  of  gra\itj'  as  in  fracture. 
Pain  Is,  generally  speaking,  more  widely  dilTuscd  in  dislocation,  more 
localized  in  fracture.  Ikj-ond  this,  the  cardinal  symptom  oi  fracture — 
"  crepitation  *' — is  usually  absent  in  dislocation. 

From  Pathological  Conditions. — Infantile  paralysis  or  certain  myo- 
pathic conditions  may  app.irenlly  simulate  dislocation.  As  a  general 
rule,  however  they  are  readily  to  be  discriminated  by  attention  to  two 
points — the  condition  of  the  muscles  which  are  atrophied  and  often 
shortened,  and  the  fact  that  the  displaced  articular  end  can  be  replaced 
with  ease,  and  when  released  returns  to  its  former  position.     From  coh- 
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genital  dislocation,  the  discrimination  will  depend  on  the  histoiy,  the 
deficient  development  of  the  joint-ends  and  of  the  limb  generally.  The 
spontaneous  displacements  due  to  habitual  malposition  closely  resemble 
the  ordinary  variety,  the  history  alone  being  here  of  diagnostic  impor- 
tance. Pathological  dislocations,  although  closely  following  the  type, 
generally  offer  Httle  diagnostic  trouble,  if  the  history  is  carefully  taken. 
The  only  real  difficulty  occurs  in  the  case  of  joints  affected  with  osteo- 
arthritis. Patients  affected  with  this  disease  often  suffer  little  until  the 
pathological  changes  are  fairly  advanced,  in  which  case  an  injury,  by 
aggravating  their  symptoms,  first  brings  the  joint  under  notice.  Atten- 
tion to  the  absence  of  the  typical  signs  of  dislocation,  and  the  presence 
of  other  bony  changes  than  those  which  give  the  appearance  of  dislo- 
cation, together  with  the  condition  of  the  synovial  membrane  and 
muscles,  will  here  be  our  most  important  aids. 

When  available,  the  employment  of  ihe  A'-rays  is  an  invaluable  diagnostic  aid,  especially 
in  the  smaller  joints.  With  these  not  only  the  position  and  extent  of  dislocation  can  be 
determined,  but  also  the  presence  or  absence  of  coexistent  fracture.  If  a  fluorescent  screen 
is  at  hand,  this  is  by  far  the  preferable  method,  as  the  joint  can  be  exainined  both  before 
and  after  manipulations  for  reduction.  Where  a  skiagram  is  taken,  at  least  two  positions 
should  be  tried,  usually  a  lateral  and  an  anteroposterior  one ;  and  great  care  is  necessary  to 
prevent  the  occurrence  of  a  distorted  image  due  to  a  want  of  parallelism  of  the  plate  and 
the  limb  and  proper  horizontal  passage  of  the  rays.  If  these  precautions  are  not  taken,  a 
very  confusing  and  unreliable  result  is  often  obtained.  If  necessary,  a  subsequent  skiagram 
is  readily  taken  without  the  removal  of  the  splint  and  bandages. 

Prognosis. — No  dislocation  in  itself,  unless  compound  or  com- 
plicated, can  be  said  to  be  dangerous  to  life.  The  question  of  prog- 
nosis, therefore,  mainly  concerns — first,  the  possibility  of  reduction ; 
second,  the  maintenance  of  the  displaced  bone  in  position ;  and  third, 
the  persistence  of  after-effects. 

As  to  the  first  point,  recent  dislocations  comparatively  rarely  prove 
impossible  of  reduction.  Occasionally,  however,  all  efforts  are  fruitless, 
and  under  these  circumstances,  failing  operative  measures,  all  that  can 
be  done  is  to  try  and  ensure  as  free  movement  of  the  bone  as  possible 
in  its  new  position. 

Proper  precaution's  rarely  fail  to  ensure  the  maintenance  of  the 
replaced  bone ;  but  it  is  well  to  bear  in  mind  that  especial  care  is 
necessary  to  render  the  patient  safe  from  this  accident,  if  there  is 
reason  to  believe  that  the  capsule  has  been  extensively  lacerated,  or 
if  the  injury  is  the  cause  of  very  free  effusion  into  the  joint. 

The  first  after-eflect,  the  occurrence  of  synovitis,  is  seldom  of  any  great  importance 
except  as  taking  its  part  in  the  production  of  the  commonest  of  all  troubles,  a  greater  or  less 
degree  of  stiffness,  due  to  the  formation  of  ".ynovial  adhesions,  and  the  contraction  of  the 
cicatricial  tissue  formed  in  the  process  of  healing  of  the  original  injury.  These  troubles, 
however,  in  the  absence  of  unusually  severe  primary'  damage,  are  generally  to  be  obviated 
by  the  sufficiently  early  employment  of  passive  movements,  combined  with  massage.  Stiff- 
ness and  loss  of  function  are  necessarily  much  more  frequent  and  troublesome  to  deal  with 
if  the  dislocation  is  complicated  with  an  hysterical  temperament  or  actual  injury  to  the  nerve- 
trunks. 

The  most  serious  after-efTect  is  the  acquisition  of  a  tendency  to  recurrence.  The  com- 
monest cause  of  this  is  the  stretching  of  the  cicatricial  tis.sue  which  closes  the  capsular  rent, 
and  as  evidence  of  this,  it  has  been  generally  found,  when  opportunity  has  arisen,  either  in 
the  cour-ie  Of  an  operation  or  p(ist-nnirtcm  examination,  that  the  capsule  is  considerably 
wider  and  more  roomy  than  normal.  Unfortunately,  this  is  on  inevitable  result  in  the  case 
of  many  working  men,  but  none  the  le>s  it  should  impress  the  importance  of  careful  regula- 
tion of  the  amount  of  work  that  is  undertaken  by  the  patient  during  the  first  few  months 
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a(tcr  llie  utigiiial  injur)'.     In  other  cnttcb  recurrence  dcpciulis  an  cauws  over  which  we  bAve' 
lilllc  t>r  iiu  control,  and  among  Ihcsc  may  be  especially  mentioned  v«ry  extensive  ur  complete 
mpcuies  of  the  capsuk,  ami  the  fAHuti-  ■>!  fni^in^-iits  nf  tione  in  unite  vclirii  tiicy  nir  li>n)  vSi 
hy  ihr  tcndnn*  in  ihr  m>  caller)  "  fmctUTes  par  arrachrmenl." 

The  question  of  cotiipound  and  old  dislocations  will  be  considei^d 
at  the  end  of  this  cha]Jter. 

Treatment. — The  treatment  of  dislocation  neccssari!y  consists  in 
its  reduction.  I-'or  the  attainment  of  this  end,  several  methods  arc 
open  to  us.  The  most  important  of  all  rules  for  the  treatment  of  these 
injuries  is  that  a  dislocation  of  any  bone  should  be  returned  by  the 
method  that  necessitates  the  least  possible  force,  and  hence  the  least 
possible  chance  of  further  lacerating;  the  already  damaged  structures. 

The  method  always  to  be  tried  first,  therefore,  is  the  gentle  correc- 
tion of  the  false  position  assumed  by  the  displaced  bone,  combined  with 
slight  traction  in  its  axis,  and  possibly  movements  of  internal  or  exter- 
nal rotation.  Failing  this  method,  we  have  manipulation-maneuvers 
and  extension  to  fall  back  upon.  Of  tiiesc,  manipulation  is  the  more 
scientific,  since,  especially  in  the  case  of  the  liip-  and  shoulder-joints, 
the  methods  are  foimdcd  on  an  accurate  knowledge  of  the  injur)'  prolia- 
bly  existing  and  of  the  structures  which  remain  intact.  The  thcor>'  of 
the  manipulation-methods  is — first,  to  lift  the  displaced  articular  extrem- 
ity from  its  false  position  by  employing  an  intact  part  of  the  capsule  as 
a  fulcrum;  second,  by  rotatory  niovcments  to  ensure  the  gajMug  of  tlie 
rent  in  the  capsule ;  ihinf,  to  bring  the  articular  end  opposite  the  rent ; 
and  lastly,  by  a  reversal  of  the  movement,  to  effect  the  entrance  of  the 
displaced  bone  into  its  proper  position.  In  the  whole  maneuver  the 
shaft  of  the  displaced  bone  is  used  as  a  lever,  and  the  power  of  this 
will  necessarily  vary  with  the  length  of  the  bone  in  question. 

The  extension-methods  consist  in  a  ]>rcliiTiinar\-  fixation  of  the  trunk 
or  proximal  element  of  the  joint,  fnMovved  by  traction  made  in  the  axis 
of  the  displaced  hone,  the  latter  also  being  usually  utilized  as  a  lever, 
the  fulcrum  for  which  is  furnished  by  a  ligament  or  bony  prominence, 
or  is  artificially  provided.  A  sufficient  degree  of  counterextensJon  is 
obviously  necessarj'.  The  traction  may  be  manual  or,  if  nccessarj', 
exerted  by  puller's.  All  these  methods  will  be  more  fully  dealt  with 
under  the  heading  of  the  Special  Joints. 

The  aftcr-ireHttncnt  consists  in  rest  fi>r  a  variable  iieriod.  followed 
by  massage  and  exercises.  The  rest  may  he  obtained  by  splints,  band- 
ages, or  the  arrangement  of  permanent  extension-apparatus  in  cases 
where  splint.s  prove  inefficient. 

Signs  of  Reduction. —  I  he  effectual  reduction  of  a  dislocation  is 
usually  indicated  bj-  siiMiielliing  in  the  way  of  a  snap,  accompanied  by 
a  sensation  of  grating  felt  by  the  surgeon  as  (he  bones  resume  their 
normal  relation.  Heyond  this  the  injure<i  part  should  more  or  less 
resume  its  proper  outline,  corresponding  to  that  of  the  other  side  of  the 
body,  the  possibility  of  performing  passive  movements  should  be  per- 
fect, and,  most  important  of  all.  the  relation  of  the  bony  points  in  the 
neighborhood  should  not  deviate  from  the  normal. 

Obstacles  to  Reduction. — Although  responsible  in  a  minor  degree 
only  ft>r  the  jMisitiun  .iv^mned  by  the  displaced  bone,  yet  tlic  muscles, 
by  their  contraction,  often  offer  a  deciiled  obstacle  to  reduction.     This 
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is  to  be  removed  at  once  by  the  use  of  an  anesthetic,  and  needs  no 

further  mention. 

A  more  formidable  obstacle,  however,  may  exist  in  the  disposition 
of  the  rent  in  the  capsule.  This  may  be'Liniisually  smatl  and  nin  in  an 
atypical  direction,  or.  on  the  other  hand,  it  may  be  so  extensively  lacer- 
ated as  to  remove  our  main  aid  in  reduction  by  manipulation — viz.,  the 
intact  portion  which  is  employed  to  act  as  a  fulcrum.  Beyond  this, 
portions  of  the  capsule  may  take  up  a  position  across  the  joint-cavity; 
a  similar  position  may  be  taken  by  a  neij^hboring  muscle  or  tendon,  or 
a  btmy  fragment. 

A  small  rent  may  be  enlarfjed  by  cautious  manipiiJation.  and  a  rent 
in  an  unusual  position  may  be  found  by  varj-inp  our  method  of  manipu- 
lation. When  wide  destruction  of  the  capsule  is  the  difficulty,  exten- 
sion will  probably  be  the  best  mi-thod  to  try;  and  we  must  remember 
here  that  if  successful,  care  must  be  exercised  to  maintain  the  bones  in 
their  proper  position  when  reduced.  The  inteq>osition  of  torn  struct- 
ures Is  hardly  to  he  met  by  any  general  rule ;  we  can  only  bear  in 
mind  the  many  variations  in  procedure  open  to  us,  and  make  use  of 
them  successively.  Operative  methods  may  become  necessar\*  if  the 
dislocation  cannot  be  reduced,  or.  in  some  joints,  when  reduction  can- 
not be  maintained. 

OccaKinnnlly,  mVicutfltipmi*  HiviMon  of  ohittmctinf;  hand*  wiH  suffice ;  more  often  an 
open  incUinn  is  ncccs&aiy,  aad  in  n  smni)  piugxiriion  of  cases  cxd^iun.  either  partial  nr 
cnmptelc,  ha*  In  Sc  mwrtcH  to.  Renirrrni  <it»tocalif>n  may  he  Imilivl  hy  temporary  uilure 
of  the  oppuun^  Joint- surfaces.  Thev;  iitetluHl^  will  be  nwie  particularly  referred  tu  under 
ihe  ^(lerinl  jninl*':  but  it  may  hr  hnuirlly  •taletl  ihal  tn  ccnain  jomlit  oprmlive  measofes 
will  iKil  improve  the  result  to  he  obtained  by  careful  aftcr-trcatnirnl.  and  lliat  id  nil  a  careful 
conMclemii'iD  of  the  local  eondilions.  as  well  as  of  ihc  atje,  occupation,  and  gcneml  condi- 
lion  of  ih'T  |i.iticrit,  murt  prec<xlc  a  dderminalion  to  ceson  to  them. 

Une  other  difficnlly  should  here  find  mention — the  simultaneous  fracture  of  the  dislocated 
honr  in  the  immriiinle  region  of  ihc  joint,  TTii*  occurrrnce,  though  fortunately  far  from 
common,  affords  one  of  ihc  most  difficult  problems  in  suiBrry.  Several  alternatives  are 
np«n  to  u».  We  mny  pni  up  the  frarinrr  and  wail  for  iu  ronvitidatinn  before  attempting 
reduction.  Thi«,  as  iircessitaiiiiE  a  delay  of  some  weeks,  is  most  uRaalidactorj',  Mnce  we 
muu  either  wait  until  (he  chance  uf  mluL-ing  the  (iLshnailion  is  titt>t)lemniic,  or  ri^k  the 
chauee  of  re-fracture  without  succeeding  in  reinstating  the  hone  in  tne  joint.  The  immedi- 
ate application  of  MilinUs  and  allenipis  at  (induction  have  rarelv  been  successful,  unless  liie 
fracture  is  at  some  distance  from  the  joinl.  Iji>[ly,  vre  have  the  open  method  of  replatring 
the  bone  \iy  ini:iM()n  of  ttie  j^^iuL  ana  simullaneous  wiring  of  Che  fractured  ends.  Given  a 
sufficiently  young  and  healthy  nubjecl  wilh  good  >urnniniUng->,  there  i>  little  duiibt  thai  llie 
last  is  Ibc  bc«c  tnclfiutl ;  but,  if  undertaken,  it  should  be  remembered  that  the  opci^ttion  is 
oAeu  one  of  extreme  diffictiily,  and  necessitates  the  tno6t  Kcupuluus  cair  if  it  is  not  lo  lad 
10  disaster. 

Compound  Dislocation. — This  accident  is  fortunately  a  rare  onc^ 

and  still  more  so  if  uncomplicated  by  fracture.     It  is  most  common  in 
the  small  joints  of  the  hands  and  font  and  in  the  elbow. 

As  is  the  case  with  compound  fracture,  the  nature  of  the  injury 
varies  with  that  of  the  violence  exerted,  displacement  produced  by 
direct  violence  being  usually  accompanied  by  the  more  severe  local 
injur>-.  Dislocation  is,  however,  the  more  serious,  as  in  addition  to  a 
contu.scd  wound  we  have  a  synovial  ca\ity  laid  open,  often  at  the  least 
favorable  aspect  for  the  establishment  of  efficient  drainage.  .As  in  fract- 
ure, a  con5er\'ative  line  of  tre;itment  is  to  be  adopted,  bearinjj  in  mind 
the  increased  severity  of  the  ca,sc  and  the  smaller  likelihood  of  avoiding 
suppuration.     While  a  purely  conservative  line  of  treatment  is  best. 


excision  or  partial  excision  is  in  many  cases  indicated  as  promising 
the  best  cl):incc  of  obtaininfj  a  satisfactory  result. 

Old  Dislocations. — A  certain  number  of  dislocations  remain  un- 
reduced. Ihls  failure  to  secure  reduction  may  depend  on  omission  to 
recognize  the  nature  of  tlie  accident  nn  the  part  of  the  medical  attend- 
ant, on  neglect  uC  the  injury  on  the  part  of  the  patient,  or,  more  rarely, 
on  some  of  the  obstacles  to  reduction  (already  enumerated)  proving 
insurmountable.  If  for  any  of  these  reasons  the  bone  remains  in  its 
new  position,  certain  pathological  consequences  result,  with  the  cfTect 
of  compensating  to  a  certain  extent  for  the  interference  with  function 
attendant  on  the  injury.     In  the  first  place,  the  soft  tissues  around  the 
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articulation  become  consolidated  by  the  cicatrization  of  the  parts 
injured,  and  in  this  way  a  new  joint-capsule  is  developed.  With  the 
lapse  of  time,  this  capsule  gains  consistency,  besides  firm  attachment  to 
the  bones,  and  may  become  provided  with  an  adventitious  synovial 
lining.  Meanwhile,  certain  changes  take  place  in  the  osseous  elements. 
The  irritation  caused  b)'  the  [jressuie  of  the  displaced  bone  leads  to  the 
development  from  the  periosteum  of  a  circumferential  ring  of  new  bone, 
which  moulds  itself  to  the  outline  of  the  articular  extremity  much  as 
the  circumferential  margins  of  the  joint-cavities  are  originally  devel- 
o|K'd.  or  as  a  new  cavity  is  seen  to  develop  in  the  jKithological  disloca- 
tions of  the  hip  with  tlie  so-called  wandering  acetabulum. 

Th*  cavity  may  rcflch  a  high  ilcgrrc  of  rtcvcloptqcnt,  ihc  Ixiiie  scquihu);  n  thick,  fibrous 
iiivcstiDtrnt  rcpmcntiDg  the  normal  canilagriious  CDVcriiig.  [n  oihrr  cine^.  especially  in 
olil  (H't>mns,  me  bone  becomftt  xmooih  uml  rbiimaln),  a*  in  joints  nffecictl  with  chmnic 
Irjuiiialic  arthritic.  The  niouldjiii^  of  the  ucw  cavity  i»  mainly  dr|>cn(lcnt  on  the  new  l>ony 
(■>rnialHiii;  Ihii  it  ilqieniU  in  |uirt  nlwi  tm  ptcNMirvniniphy,  as  i«  proved  by  the  prcs«ttf«- 
changes  which  occur  in  the  displace)]  bone  when  it  i»  a  pioininrnl  anicalar  head,  like  the 
humrruK.  A  glata-r  bI  (he  illu'MTntion  of  nn  nid  dislocaitnn  ( V'm.  397I,  exhibiting  in  lh« 
■  nntomical  neck  a  deep  groove  (.niTcopondinK  lu  ihc  [Mint  at  which  il  re^ed  aj^JiiiM  Ihe 
i)un;in  of  the  ^Icntjid  cnTily,  well  denMmslraiei^  this  pmnt.  even  when  the  cacn  para  lively 
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nuicell(>u>i  nature  of  thU  rlcment  nf  ihr  jotni  t»  .iDuwed  for.  Ondnally,  with  the  devrlop- 
miMit  of  ihc  ntw  joinl.  otililrnilivr  iliuii^r^  jirtKLtnl  in  itiv  aid  one,  oT  in  lUc  parU  uf  il  Do 
longer  functional.  TIk*  mnirix  nf  rhr  cartilage  lic-(«nri  filirilliilrtl,  nml  f;n>duallY  lilrndu 
wilh  new  tibroHs  (issue  «IpvHii|icd  in  |>ort  from  olil  joiiil  fk-tneiil*.  such  at.  snip*  of  capsule, 
in  port  fnmi  iiUlnnnmaii^rv  new-fi.nni»lii>n.  A  rniiMtlrraiinn  nt  ihcu*  tliati(;r«  iletiMmrtralr* 
lo  uh  tlic  diltitulty  likriy  d*  tiltciKl  tlir  .-iltrmiilcil  rcduitton  of  an  old  dislocation  of  nnythiciy 
miirr  than  six  woeks'  dumticn ;  Uut  at  t1ic  Kimc  lime  il  muKl  be  borne  in  mind  thai  tbc 
raj^dity  wilh  which  tbcr  occur  in  differeni  individnals  Tarie*  greatly. 

The  diagnosis  ami  prognosis  in  <>M  dislocations  will  \ye  considered 

undtrr  tile  ,icc<iiinl-s  (d*  tin-  spt-clal  joints.  As  to  treatment,  it  is  only 
nwressary*  to  point  out  here  that  we  have  two  cour.ses  o|x'n  lo  us,  sup- 
posing rc(3uction  to  be  citlicr  impracticable  or  incxpcdicnt^-uihcr  to 
do  our  best  by  the  cmployinciit  of  adequate  passive  movement  and 
massage  to  promote  the  formation  of  a  new  movable  joint,  or  to  have 
recourse  to  opcnitivi-  measures. 

In  attempt.s  nt  reduction  the  more  forcible  methods  of  extension 
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and  manipulation  have  usually  to  be  eniplt>ycd ;  and  these  are  the 
more  likely  to  be  successful  if,  as  a  preliminary,  llie  movements  have 
been  rendered  as  free  as  possible  by  forcible  manipulation,  in  order 
that  adventitious  adhesions  may  be  broken  down. 

If  bluodlcvs  mellioilk  fuil,  >uccri<K  may  be  atlnincd  by  suticulaiiL-ous  division  nf  lendnni, 
li(>atnen1s,  or  nlher  len«e  Imnds  ;  in  nlhcr  cases  it  may  he  as  well  lo  |)rnc'««il  M  oitce  lo  opea 
aTllitiiloiny  i>r  li>  rv^cclinn.  If  the  fomier  is  sdectcd.  il  should  he  buroc  in  miad  thai  the 
difKcultir«  prrfeniiiiK  Teduciion  by  ordinary  meih<i<l«  may  render  minction  after  tncuimii 
e<)iinlly  impossible.  Hence  we  ^lould,  us  a  rule,  br  prepared  lo  pnxced  to  ihr  miwr 
acntnis  opcralion  at  the  first  failure.  Rejection  nf  the  joiiil  is  rrnui  cumiiKinb-  indiraied 
when  Ihc  ankyIo«»  ii  more  or  le*»  complete,  or  when  the  displaced  bone  jive*  ri*c  lo  >vem 
preiiurc- symptom*.  In  some  ca-sea.  a  panial  rcseclinn  will  MjlTirc,  >iy  n-nmving  a  promirkent 
piwcesi  of  l>one,  which  hni  been  the  nwi«  neriouii  obMocle  t"  free  movcmenl  ;  in  othcn,  ibe 
rrieclMin  will  need  to  be  a  very  fiec  one,  in  tiidei  lo  avoid  MiI)!Mr<)uciit  nnkYlosi<%  Ftre 
rt-icclMin  is  e-->{>erin1Iy  imlii-alr(l  in  fracture  wilh  dislocation,  a<  of  ihe  elbfiw,  where  ibe 
development  of  abiindaat  <:dllu»  has  already  been  an  iin|xifUinl  element. 

AcriilnrtK  during  retlttdion  anil  cimipUi-ntinn^  nfc  the  samr  in  nature,  after  stirmptit  irt 
reduce  old,  as  recent  di*!ocations ;  hm  it  should  he  borne  in  mind  that  anempti  al  mluttion 
of  old  dbilocstioiu  have  given  us  ihe  nchesl  exprricnce  of  thew  compliea linns.  Tlierefnrr, 
while  employiDg  suflkienlly  forcible  measures,  very  great  care  n\mi  Itc  taken  to  adapt  ihe 
force  used  to  the  powcn  of  resistance  of  cacti  panicular  caac 


SPECIAL  nrSLOCATtONS. 


615 


PatlioloKical  IMslocations. — These  may  be  due  to  a  variety  of 
causes,  sucli  as  t-xccssivc  cflusion  into  the-  joint-capsule,  weakening  or 
absorption  rif  tlie  ligamcnis  ii.s  tlie  ri.-sult  of  inflamniuton*  clianges  of 
varinus  kintis,  i»r  rL-laxatiiMi  nf  tlie  ligaments  ns  a  result  of  shortening  or 
distortion  of  the  inlra-articular  portiuti  of  the  hone,  secondary  to  disease. 
Allied  in  nature  to  this  form  arc  the  dispLacements  occasionally  5iccii  as 
ihc  result  of  habitual  malposition  in  the  vcr>-  weak  or  in  the  insane.  The 
articular  end  of  the  bone  here  presses  locally  on  a  capsule  deficient  in 
tone,  wliieh  yradiially,  or  sometimes  suddenly,  jjives  way  and  allows 
till-  development  of  a  typical  dislocation.  The  early  recognition  of 
the  latter  displacements  is  the  more  important  in  that  they  arc  often 
capable  of  reposition  and  cure. 


SPECIAL  DISLOCATIONS. 

I»ower  Jaw.— Situated  at  soniL-  depth  from  the  surface  and  over- 
hung by  the  zygomatic  arch,  the  tem]Joro maxillary  joint  is  well  pro- 
tected from  direct  violence;  but  the  body  of  the  jaw  and  its  ramus 
form  a  bar  of  con.siderable  length,  which,  acted  on  by  indirect  violence 
applied  to  the  body-angle  or  symphysis,  may  exert  powerful  leverage 
on  the  structures  retaining  the  cnndjic  in  position,  and  may  lead  to 
dislocation.  This  joint  is  the  articulation  of  all  others  prone  to  dis- 
placement from  muscular  action — a  fact  readily  explained  when  we 
remember  that  the  simple  action  of  opening  the  mouth  may  I>e  almost 
regarded  as  a  subluxation  of  the  condyle  which  a  very  slight  increase 
in  range  may  convert  into  an  actual  dislocation. 

Certain  comliiiuns  siieriallv  favni  thi^  poK.sibi])ly  nf  dUlocmlion.  1.  With  Ihr  ui^mth 
cloKil  the  condy W  re«  in  the  nnllow  of  the  plcnnW  cAvilr,  b«i  wh«n  open,  on  Ihc  cirtjveat 
efiiinenliii  arlk'ulari.'i.  a.  The  c^ftjisulr  hat  In  tir  very  ItHise  lo  nllnw  of  llit-  iiKlusifiti  nf  the 
\*vgf:  rmiiirnlia  nrlirtilnm,  and.  hrijiilo.  rt  U  wmk.  itir  only  Mrong  Imnd.  the  vxlrmal  iafcril 
liuamciiU  bciiiK  »1uptr<l  iJuwriuciiil  itiu]  LiitLkwnriJ  |ij  allow  tiie  furwani  (.'liilini;  iif  llir  jaw 
When  ihr  [luiiilh  i*  f«pcn.  The  smaU  jdirt  lakrn  by  Iht  cnpsule  in  rcsi^iinR  ritslocadon  \% 
rviditKcii  hy  llic  fact  thai  it  is  never  tt>Tn  when  lhi»  occur*.  J,  Tlir  latgr  tihrucnitilajte 
ncceuni)'  foe  the  atlaplniiun  of  ihc  t>i>nr  surfkccs  is  pri^-ided  nnieriurly  wiili  a  pow«rfiil 
invenion  or  the  miemal  ptcryKuid  muKic. 

The  normal  stabilitj*  of  the  joint  is  well  shown  by  the  fact  that  dis- 
locations are  only  common  at  an  age  in  which  retrogressive  changes 
have  led  to  manifest  altenittons  in  both  the  form  and  direction  of  the 
condyle  and  the  depth  of  the  alveolus. 

Frequency  of  Occurrence. — In  the  St.  Thomas's  scries  of  1207  dis- 
locations. 42  dislocations  of  the  mandible  occurred,  being  34"  ]x.Tcent. 
of  the  whole  number.  In  Kronlcin's  series  10  were  observed  in  a  total 
of  400 — thai  is  to  say.  2.\  jx-r  cent. 

Causation  and  Classification. — Luxations  are  most  frequent  as  the 
result  of  a  too  extensive  movement  of  the  jaw  in  the  acts  of  laughing 
or  yawning,  and  therefore  are  mostly  due  to  muscular  action.  They 
arc  more  common  in  women.  Dislocation  may.  however,  be  produced 
in  a  precisely  similar  manner  by  Wolent  manipulation  in  extracting 
teeth,  introducing  a  gag  or  instrument  into  the  mouth,  or,  more  rarely, 
by  blows  while  the  mouth  is  cijK-n.  The  tlisplacement  may  be  unilat- 
eral or  bilateral.  In  the  St.  Th<imas's  statistics,  21  were  bilateral,  4 
were  of  the  right  condyle,  9  of  the  left.     In  8  the  variet)'  is  not  stated. 
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Pathology. — When  displaced,  the  condyles  pius  fonnird  into  the  zygomatic  foK*,  ftnd 
ri-mjirkably  Httk-  locemtinn  of  tho  struciure^  ocruM  except  of  ihe  1(km«  UMUe*  Minoouding 
the  jtiinl,  even  the  capsule  remaining  intact.  Difficulty  in  reduction  has  bevn  aM;nbed  to 
lockinjr  nf  the  »>rnnoi(]  pr<Mre.S!i  Ujieiiun  the  tyennutio  aKh,  but  tliio  ha«  been  eflirctiireljr 
disproved,  the  dilliculty  in  recent  cases  depending  on  muKuliir  contraction,  in  old  oucs  oa 
adhc^iont. 

Symptoms. — Bilaten^  DisIiKatinn. — On  inspection,  the  mouth 
stands  fixedly  open,  and  although  the  jaw  can  often  be  somewhat 
depressed,  all  attempts  at  closure  fail.  In  chin  faces  the  swclHng  of  Ihc 
condyli-  at  an  anterior  position  Is  often  evident,  and  the  contracted  tem- 
poral and  massctcr  muscles  form  prominences  above  and  below  the 
zygoma.  On  pnlpation,  a  hollow  can  be  felt  anterior  to  the  ear  in  the 
iiSLial  position  of  the  condyle  and  posterior  to  the  prominence  already 
noted.  On  palpation  from  within  the  mouth,  the  coronoid  process  may 
be  felt  in  an  advanced   position.     There  i.s  much   local  pain  due  to 


Stretching  and  pressure  on  the  branches  of  the  third  division  of  the  fifth 
nerve,  which  may  radiate  to  the  ear  and  scalp;  saliva  dribbles  from  the 
mouth,  as  a  result  of  pressure  on  the  salivary  (glands.  The  patient  is 
unable  to  masticate,  and  the  speech  is  defective. 

UnUaUral  Dislocation. — In  this  variety  the  signs  are  similar,  but 
the)'  are  confint-d  to  one  side,  and  consequently  less  pronounced.  The 
mouth  is  less  widely  open,  and  the  distortion  is  asymmetrical  from  the 
jmshing  of  the  symphysis  to  the  opposite  side.  On  the  otiier  hand. 
diagnostic  advantage  is  gained  in  having  the  sound  side  for  the  pur- 
poses of  comparison. 

Compound  ilisiocutions  are  uncommon,  and  arc  always  due  to  direct 
wounds  over  the  temporomaxiilary  joint. 

Prvig^osis. — The  reduction  of  recent  displacements  is  usually  easy 
enough,  but  if  the  injury  is  overlooked,  the  symptoms  gradually 
become  less  marked,  and  mobility  increases  so  as  to  allow  of  a  modi- 
fied use  of  the  jaw.     After  a  lapse  of  ihree  months,  there  is  not  much 


likelihood  of  successful  reduction,  but  an  attempt  should  certainly  be 
made  up  to  the  expiration  of  six  months,  Tiic  most  important  point 
prognostically  is  the  acc|Ltisitioii  uf  a  marked  tendency  to  recurrence 
on  vcTV-  slight  provocation. 

Diagnosis. — Confusion  with  any  other  condition  is  unlikely,  since 
the  change  in  the  patient's  appearance  is 
so  sudden  that  hardly  any  other  expla- 
nation would  meet  the  conditions  of  the 
case. 

Treatment.—Pressurc  being  made  on. 
or  in  the  position  of.  the  last  molar  teeth 
by  the  thumbs  of  the  surgeon  (carefully 
wrapped  around  with  a  clolh  for  protec- 
tion), a  fulcrum  situated  belt)\v  the  nor- 
mal center  of  motion  is  furnished  for  the 
depressed  angle  by  the  masseter  and 
internal  pterygoid  muscles  and  by  the 
stylomaxillarj'  and  lateral  ligaments  of 
the  joint.  A  kind  of  bilateral  sling  is 
thus  provided,  in  which  the  jaw  is  suf- 
ficiently depressed  to  allow  the  condyle 
to  reach  the  most  prominent  part  of  the 
cminentia  articularis.  when  the  symphysis 
is  elevated    by  the  fingers,  and  the  jaw  is 

suddenly  drawn  back  and  slips  into  pttsition.  In  the  majority  of  instances 
thi^i  maneuver  can  be  carried  out  without  the  aid  of  an  anesthetic,  and 
in  many  cases  some  subjects  of  recurrent  dislocation  arc  able  to  carry 
it  out  for  themseK'cs.  1-ess  commonly  great  difficulty  is  experienced. 
and  an  anesthetic  may  be  necessary,  the  use  of  the  thumb-pressure 
being  often  insuHicient. 

Many  nwcbanic&l  devices  in  the  way  of  ivcdgcs  und  wooden  b«n  hftve  been  Tried.  I  cab 
very  tmrmly  rccnrnmi'ii'l  n  simple  mrthfiil  I  have  myself  fbun'il  fewxessTul — namely,  the  use 
of  «  pair  of  ordinary  bifid  wound-rciractor*.  Tlie*e  diould  he  vlieaihed  with  nihher  tubing. 
An  awbiLint.  standing  nhow  rhr  hrad  nf  the  jmtienl,  appliesone  on  cither  side,  immediately 
anterior  to  the  ramus  of  the  jnw.  and  mnkes  firm  prcvmre  dim-nwAni  nnd  harlcwnrd,  while 
the  MTKcon  takes  chaigc  vf  ibc  patient's  Aia,  rai»iiig  tl  a»  tiic  pressure  of  the  artificial 
fulcmni  i»  incmuH. 


Fhi.  3«>— Mode  of  raanna] 
reduction. 


In  compound  dislocation,  the  treatment  is  to  be  carried  out  on 
general  a.septic  principles.  The  main  point  to  keep  in  mind  is  the 
possible  occurrence  of  ankylosis,  which  must  be  combated  by  allow- 
ing the  patient  to  make  free  use  of  the  jaw  as  soon  as  is  practicable. 
Should  ankylosis  occur  on  one  side  only,  it  may  not  require  s]K.-ciai 
treatment;  if,  however,  it  is  bilateral,  one  or  both  joints  may  be 
excised. 

After  reduction,  the  jaw  is  best  supported  and  held  in  position  by  a 
four-tailed  bandage,  so  applied  as  to  make  upward  and  backward  press- 
ure on  the  prominence  of  the  chin.  This  must  be  worn  three  to  four 
weeks.  The  patient  should  be  cautioned  as  to  tlic  need  of  future  care 
in  widely  o[>cning  the  mouth,  and  fluid  diet  is  obligatory,  being  best 
administered  by  a  tube  passed  behind  the  last  molar,  if  the  teeth  are 
still  present. 
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Clavicle. — The  sternoclavicular  joint  is  peculiar  in  arrange nitnii, 
while  Its  relation  to  llie  movements  of  respiration  renders  it  difticult  to 
maintain  the  ct>n.stituent  bones  at  absolute  rest.  Displacement,  when 
it  occurs,  is  difficult  to  combat,  on  account  of  the  weight  of  tlic  depend- 
ing upper  extremity,  the  force  of  gravity  exerting  great  influence  on  the 
deformii}*  accompanying  tliis  dislocation. 

'X\\c  articulation  owi»  its  security  lu  ihc  diDiculty  or  conceDlrating  force  diiectlv  upoa  it, 
du(^  in  lh«  nirro  cX  the  rlavirlc.  \'kf.  nuiliility  iif  the  w\i|mlgi.  nnd  the  play  of  the  arrDinin' 
clsivJL~ul3T  jijjul  \  hIm)  to  fci II force mciit  of  iHc  cm|j»uIc  b_v  the  tendiivoiu  unginii  of  the  ilciDo* 
inii!>t<M>]  anil  [inrlnnilis  major,  lu  llie  coMoclavicular  ligaitieiit.  and  lo  llic  attacbuenl  of  iJte 
inl«rarticulAi  libnxartiltLgo. 

Frequency  of  Occurrence. — in  the  St.  Thomas's   scries  of   1207 

dislocations,  llie  sternal  end  u{  the  clavicle  was  displaced  in  iS  or  M9 
per  cent.  In  Kronlein's  400,  the  displacement  occurred  in  6.  or  1.5 
per  cent. 

Causation  and  Classification. — The  accident  almost  invariably 
results  from  indirect  violence  exerted  on  the  shoulder.  It  has  been 
produced  by  muscular  action,  as  in  swimming ;  backward  displacement 
has  been  caused  by  direct  violence. 

The  bone  may  pn^s  in  cither  uf  thret  cUroclinn.'i — forwwrd,  upward,  or  backward.  Of 
thciie,  the  tirsi  i«  by  ixi  ih«  mo»  frequ^iic,   the  second  aiid  third  varieties  bcinfi  rare 

Forward  dlalbcation  is  cau^d  hy  TalU  or  blows  fomng  th«  shoulder  baclcward. 
/•rf/A.Vr'^-j', —  riif   hra<!  nf  ihe  bonf  lir»  nr  thr  antcnftr  surface  of  the  flemum,  com- 
monly a  liicic  bcLow  its  iionnal  Icvd,  the  cbondio^eniu!  cavity  tieitLg  cnmised  by  the  trinrr 
«nd  of  ihr  thnft  of  the  rlnvirlc.      The  dcgtrc  ci{  di*pl,iccmcn[  »(iric*,  and  depends  maJaly 
ou  the  extent  of  the  ruplUTc  oT  the  costoclavicular  Li^atneiit. 

Symptvni!. — (>n  in-'iici'lioii  tlir  hr.id  i*  foiiml  imlinrH  In  the  injurH  side;  the  ibouklcr 
is  approMcaated  lo  thv  inidlin^  ^nd  fulU  sum«wtiu1  b.ii.kwar(l ;  the  hollows  of  the  poslrrior 
triangle  and  the  infraclavicular  fosaa  ore  deepened,  the  former  often  *harply  mnrginaird 
anteriorly  by  ihc  miler  edge  of  llie  cleidntnJ^tutd.  The  fttema)  end  of  llic  displa«:Ml  t>one 
is  visible  as  a  |>ri>niii)enc<.*  otrf  the  steraUQl. 

Upward  dislocation  \*  cauied  by  rallb  on  th«  upper  and  outer  aipect  of  the  shoulder, 
leading  Co  il«  Inrtible  •!   I'l  n.  or  by  a  similar  movrnii-ni  rausnl  by  <irj|!f!in{!  im  ibe  arm. 

/'.iMu/iHT'.— The   111. I  iHHir  [r'^l*  (iji  the  •L'[>ivt<..rn«l   notch,  passinu  to  oi  beyond 

the  Riediau  line  in  froitt  <;i  l.il  u.i.lica.  I'he  iiuier  end  uf  ihe  «hnft  lie^  between  the  Mcmat 
head  of  the  stcmnmaitoid  ami  llie  M^nnihynid.  and  fibnvc  ihc  cbondm^leriial  cavity. 

Symptom!, — Un  inspection  tbe  Uioulder  i^  fourtd  dc]jre*»c<),  approximated  lo  the  mid- 
line of  Ihr  body,  nrid  ihr  axin  of  the  clavicle  is  «o  shifted  a^  to  Incrmsc  the  dlKancc  between 
the  xenial  eilreinity  and  the  fir>t  t^»lal  cartilage.  The  »yiiimrtry  of  the  line  corre»p(mdiD|[ 
with  the  inner  mnrgin  nf  ihc  slemoinaElnid  i-i  deotniyeil  by  the  presence  of  ihe  shaft  nf  ihe 
clavicle  beiiciilh  it.  and  (lie  MJpra eternal  hollow  i»  ublttfnited  or  rendered  convex  by  the 
abiiormnl  prc-encc  uf  the  nnictilar  end.  The  hr>Uow  of  the  posterior  iriangle,  and  also  ihe 
infraclavicular  fossa,  nrc  muri'  .hallow. 

On  palpation  the  sternal  rud  of  the  bone  may  be  telt,  and  the  point  of  the  ftnger  Ruy 
delenuine  the  outline  of  ihe  jnim-cnvity.  in  the  widened  «pace  l>rCwci:n  it  and  the  Art!  coital 
cartilage.  The  itcmomasioid  of  tlic  conei|Minding  side,  oi  truth  miucles  arc  abnuntmll j 
tense. 

On  manipulation  the  displaced  bone  may  be  reduced  by  traction  of  the  sbuulden  back- 
ward, 4nd  flexion  of  tlie  neck  or  miMng  of  the  «lniiildrrN  tnny  give  ri«  to  i^mplnms  of 
Irochefll  Ciimpres.ion  I'rci^uri'  on  ihc  trachea  niay  jjirr  ti*e  to  severe  dyspnea,  *o  great 
as  hardlf  l<>  ;illiiw   the  (Mllcnt  to  «pmk. 

Backward  Dislocation. — In  a  larse  prnponinn  of  cases.  thi«  it  caused  by  direct 
violriKi- ;  but  It  may  rcMdl  fmm  powerful  IntemI  comprrsMon  cf  ttic  sbould«n%,  and  ha& 
been  known  lo  occur  as  the  secondary  rrsuli  of  lairral  curvature  of  the  spine. 

J'atkoh^. —  The  aniciilnr  end  lie»  deeply  beneath  the  »leniuni  and  the  origina  of  die 
Sternohyoid.  Il  may  MMnclintes  rise  above  iho  level  of  the  slrmum.  probably  as  a  result  uf 
the  weight  of  the  arm  depre^iiiiR  ihe  ouicr  end.  The  irachea  is  pu'.hed  over  to  ihc  oj>|iuAite 
kidc  of  ihc  neck,  the  aititular  end  of  the  Imiie  restirif;  on  Ihc  gutJel.  'I'he  uitKla^ian  or 
Innotninute  veweU  may  be  suhJLcied  lo  cimsldenible  ]>re^MIrc  The  injury  to  liKamentt,  etc., 
is  similar  in  nature  to  thnt  ubi«rvcil  in  the  other  fonas  of  diBlocation. 


Symf\tomi. — Th«  heft<l  in  usually  Inclincil  to  ihc  opposite  hide,  alOiovgli  ibe  reverse  Itu 
been  noted.  The  tnarciQ  of  the  stern omaatuid  <m  ihi:  Miund  »dr  U  aUnoniially  prominent, 
the  shoulder  i«  miiied  and  a pprtixi nutted  to  the  median  line,  whilr  i\\c  ncmroial  end  of  the 
cUticIc  is  unduly  prumincnL  A  hollow  exists  in  the  pro|i«j  position  o(  the  articular  erMl 
of  the  U>ne,  matfiinated  ticlow  hy  the  «trmocf>Klnl  jwrlinn  n\  the  jierturalii  major.  On 
|ulpaiiou,  the  (juiline  ul  the  empty  caviiv  may  be  dctcnuiiied,  and  when  Ibc  inietaiticular 
(.■anila){r  reinaiiis  altachni  In  l)ir  i-u^tal  cartilage,  xh\s  has  alvi  Iwen  fell.  Ef  tlie  articular 
end  of  the  bone  rise*,  it  may  be  fell  above  the  slemuat.  The  defomiitr  may  be  corrected  bjr 
drawing  (lie  iJ'tiiuldet  liaekwanl,  tiut  re^lm-tiim  i%  seldom  cimiplclL'  ntid  \\  dtnicall  tiinuiinlnin. 

Diagn^iii — The  diaguusi»  of  (he  different  varieties  is  readily  made  hy  attention  to  the 
tpecial  sj'mploiiu  of  each  already  deUiiled.  I'lic  special  feulure  i»  the  rrcutrcnce  u[  tJic  dis- 
placnncot  when  tmctkin  is  disrontinued. 

frvgnosii. — A  |;owl  funttioiiul  muU  i«  the  rule,  little  pcnnaticnl  ditability  permitting. 
l»n  the  other  hand,  although  easy  of  reduction,  these  displncetneTiis  can  mrely  be  kept  in 
putiltlon,  and  more  or  le.i»  deformity  remains. 

IWaiHKnt. — 'rmction  is  to  be  made  in  the  oaii  of  the  displaced  bone,  the  shoulder  beine 
drawn  outward  and  backward,  itomc  elevation  being  combined  in  the  ca>c  of  the  upward 
dislocation  -,  for  the  penuaneni  coircclioii  of  the  deformity  a  pad  should  be  placed  tn  the 
nxilla.  Rcduciion  i>  he'll  innintatned  hy  (he  application  of  a  plaster-of- Paris  eaung  cncir. 
clin([  lioth  the  arm  and  chest,  either  die  anii  brin^  brought  over  the  fniiil  of  the  ehest  with 
Ihr  hand  on  the  uppiiiie  shoulder,  or,  if  it  proves  more  satinfactnry,  the  khoulder  being 
drawn  Uii^k  by  a  li|;ure-of-S  b,indaKe  applied  beneatli  the  plu.itet.  In  deciding  this  matter 
we  must  be  guided  hy  ihv  case  hriort  us,  as  considerable  s-nriation  is  met  with  in  individual 
in!itaiKei.  In  case  of  the  anterior  di^placrmt^ntt,  direct  (>Tf>^nre  >li<'iiM  be  applied  to  the 
head  ol  the  bone  hy  mran«  id  n  special  strip  of  sttsppin);  and  n  jwd.  If  plaMer  of  I'ariK  is 
n^>t  available,  or  if  Tor  any  reason  it  i^  inapplJcaMC.  Hnps  i..)  iiuaj>{iing  or  an  ordinary 
bandage  may  be  employed.  The  displaccnient  may  be  treated  by  placing  the  patient  in  the 
rectunlient  (tosition  after  reduction,  in  ihe  posterior  variety  the  iTMnk  being  raised  In  weh  a 
manner  as  to  allow  the  Uiouldcr  to  fall  backward,  litvai  tvntTW  should  always  be  cacr> 
eiw^l  in  giving  assurances  to  the  patient  a«  to  ihe  amount  of  after  defi-<rmity.  The  apparatus 
must  l>e  wmn  aC  least  live  oi  six  weeks. 

Scapula. — The  acromion  process  of  the  scapufa  may  be  displaced 

from  Its  c(^nneclion  with  tlic  clavitk-,  the  accident  being  often  described 

as  dislocation  of  the  acromial  end  of  tlic  collar  bone. 

Frequency  o!  Occurreoce.— In  'he  !^'-  Thomas's  series  of  lao?  dislocaitooi,  dii 
placement  uf  the  acrmniTi  .xrcurrrd  33  times,  or  i.65  per  cent.  In  Krfinlein'i  400,  it  oc- 
curred tl  tiinrs,  or  2."  per  cent . 

Causation. — The  displacement  is  rare  except  in  adult  men,  and 
almost  invariably  rcsiills  frtim  the  exertion  of  direct  violence  on  the 
acromion,  either' by  falls  on  or  blows  received  by  the  u|)pcr  and  outer 
aspect  of  the  shoulder.  It  has  been  observed,  however,  as  a  result  of 
violence  applied  to  the  clavicle  from  below,  as  when  the  trunk  is  nm 
over  by  a  wheel.  The  acromion  may  pass  in  one  of  two  directions, 
cither  beneath  or  above  the  clavicle.  Of  these,  the  latter  is  extremely 
rare. 

Pathology. — The  degtvc  of  displofement  varies  greatly,  depending  on  the  extent  of 

Injury  10  the  coowftclavicular  ligaments,  if  these  are  but  vlighlly  damaged,  the  clavicle 
ndes  jmt  beyond  iu  normat  relation  10  the  cleft,  and  the  main  injury  is  lo  the  acromiorU- 
vicular  capsule.  When  the  conoid  and  trajHrioid  liBamein*  arc  both  widely  injured,  the 
KTomioH  take*  trp  a  much  mivre  internal  iwiMtiou.  (.'iimplelc  rapture  of  botli  connid  and 
tivpeaoid  and  of  liie  coracoatrumial  ligament  occur*  when  the  ncriimion  lakr*  up  a  |xnitioii 
on  the  upper  surface  of  the  clavicle.  The  clavicle  then  rerts  between  the  displaced  prtvru 
and  the  upper  aspect  of  the  Hipratpinaluv  and  shouMer-joint. 

Symptoms SuMmicuhr  DisU>rtiti»u. — The  shoulder  is  depressed 

and  approximated  to  the  median  line.  The  acromial  end  of  the  clavide 
forms  a  localized  primiinencc,  maryinatinc  internally  a  distal  depression. 
The  axis  tif  the  clavicle  is  so  altered  as  to  increase  its  upward  iiiid  out- 
ward sloj>e,  and  the  supraclavicular  hollow  is  consitkrably  tleeijcncd 
as  a  result  of  the  tension  of  the  clavicular  insertion  of  the  trajKzius. 
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On  manipul.ntion.  the  displacement  is  readily  reduced  by  raising  the 
shoulder  and  making  direct  pressure  on  the  clavicle.  The  individual 
features  vary  with  the  dcjjrce  of  the  displacement  of  the  acromion 
inward. 

Dislocation  Ufnvard. — This  results  from  force  Applied  to  the  cla\- 
icle  from  above,  and  is  ver>'  rare.  Hamilton  has  pointed  out  that  the 
displacement  is  only  possible  when  the  lower  anylc  of  the  ;jcapula  is 
rotated  outward  und  the  coracoid  process  depressed,  the  clavicle  being 
thus  deprived  of  the  support  normally  oflered  by  the  latter.  The 
function  of  the  upper  extremity  is  much  interfered  with.  On  inspec- 
tion the  shoulder  is  dqiressed.  the  arm  being  closely  approximated  to 
the  trunk  and  apparently  elongated.  The  distance  between  the  promi- 
nence of  the  shoulder  and  the  mid-Uric  is  shortened.  A  hollow  exists 
over  the  situation  of  the  dislocation;  the  axis  of  the  clavicle  sinks 
from  within  outward  ;  the  sternal  end  projects  abiionnally.  The  dcido- 
mastoid  is  very  prominent.  On  manipulation,  although  voluntarj* 
movemetit  of  the  shoulder  is  practically  abrogated,  all  movements 
except  those  of  abduction,  and  to  a  less  extent  of  adduction,  can  be 
made  pa.ssively,  but  with  the  infliction  of  ver>'  considerable  pain. 

Diagrnosls. — These  injuries,  since  they  arc  occasioned  by  direct 
violence,  arc  apt  to  be  followed  by  nipid  and  much  greater  local 
swclliny;  than  dislocations  of  the  sternal  extremity  of  the  clavicle. 
The  only  likely  sources  of  confusion  are  fractures  in  the  immediate 
vicinity.  General  rules  of  differentiatinn  should  here  suffice,  bearing 
in  mind  that  in  fracture  the  cleft  is  narrower,  local  tenderness  more 
marked  and  circumscribed,  while  the  tendency  to  complete  recurrence 
of  the  deformity  is  greater  in  these  particular  dislocations  than  in 
fracture. 

Proj^nosis. — Entire  removal  of  the  deformity  is  rarely  attained. 
Tlu-  mnst  promising  cases  are  thtuse  in  which  the  coracoclavicular  liga- 
ments have  suffered  little.  Rut  if  the  deformity  cannot  be  permanently 
reduced,  the  restoration  of  function  is  almost  complete,  free  abduction 
being  the  only  movement  endangered. 

Treatment. —  Ihu  first  indication  is  to  draw  the  shoulder  outward  ; 
and  this  position  must  be  maintained  by  the  arrangement  of  a  pad  in 
the  axilla.  The  arm  is  then  best  supported  and  the  scapula  kept 
at  rest  by  the  apjilication  of  a  pi  aster- of- Paris  case  similar  to  that 
described  for  the  clavicular  dislocation-^.  The  elbow  must  be  well 
brought  forward,  and  direct  pressure  made  over  the  .scat  of  the  articu- 
lation by  a  pad  or  moulded  plate  of  gutta-percha,  fixed  by  a  strip  of 
stout  strapping  carried  over  the  sliouldcr  and  around  the  flexed  fore- 
arm, just  below  the  point  of  the  olecranon.  When  deformity  is  marked 
and  re<luction  esjiecially  difHcult  to  maintain  a  lempurary  wire  suture 
may  be  inserted  with  advantage. 

Whatever  mode  of  fixation  is  rmploynl,  it  if>  n«-r«ary  U)  rutintaiii  il  for  ai  IrtiM  five  or 
six  week*.  The  icnuh  depcmU  mainly  on  Ui<  dcgrL-v  of  injury  lo  lUc  li|^ni<;nl«  ;  tjiH,  c»cn 
if  c)efr>nnity  penist?,  liio  runctioitnl  cii)iaeily  will  jhuImiM)'  be  guuti.  Uie  minemcat  moM 
likely  lo  be  mtrictc^  hi-ing  chnt  of  free  aliduclion. 

The  lower  angle  of  the  Mrapuln  occafiionally  evcapes  frum  lienealh  the  latiKHOiiu  doni. 
Tln5  accident  i^  most  rommoa  ai  the  result  of  piiTslyiii  of  (he  Ktraltu  magnus  or  «s  aceoa- 
paoying  Kiiliu^is. 
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The  Humerua, — The  shoulder  surpasses  every  other  joint  in  the 
body  in  freedom  of  range  and  variety  of  movement.  These  character- 
istics necessitate  arrangements  ill  adapted  to  withstand  violence  from 
without,  which  arrangements,  althou^di  modified  by  freedom  of  mobility 
and  possibilities  of  adaptation,  yet  render  the  joint  more  prone  to  dislo- 
cation than  any  other  in  the  body. 

Tlir  iipiuliunlics  wliJth  renilcr  it  .tpeuialljr  IJablr  lo  i3i«i»l«t.c[iwnl  inajr  be  shortly  summed 
up  At  foitlows  :  The  pmmint'ncc  3n<]  exposed  position  of  ine  cTticulalinn  ;  ibe  length  of  the 
huincnti,  mid  iU  cuuse(]ijcnl  |x>weT  nx  a  lever  whcti  brvughl  tu  liear  on  tlie  capsule  kikI  vox- 
rounding  «trucuires  ;  the  slackness  of  the  cnpsute,  and  the  wnni  of  direct  support  of  this 
•■(nicture  at  it*  lnwcr  anil  innrc  pnrl ;  the  »haik<wtir<«  ond  cuinpamtively  small  Mirfacc-arM 
of  the  Klcnaid  cavity,  BtnonntinR  lo  on!)-  about  onc-lhird  uf  that  offered  by  (he  humera] 
head ;  and  (he  fact  that  the  muvi-nu'iK  of  atxlucliDn  of  the  humenii  is  normally  checked 
mainly  by  tension  of  the  capsular  li^menl.  As  compensation 5  fof  these  weiik  points  we 
havr  :  The  abundance  and  Mn-nglh  iif  the  lendiiiniM  imtrtiiDD*  into  llie  cjip-^ulc.  nhich 
supply  a  complete  covering,  except  below  ;  the  ^pccial  uiranKcment  of  the  biceps  (endun. 
which  checks  (Li?>p1aceinenl  upunrd  in  the  hanging  pri->iiinn,  dnu'nwnH  In  the  Abducted 
stale,  as  well  as  lolalion  oulwatd  ju  extreme  supinntiuu  uf  the  fuxearm ;  the  mobility  of  the 
iuiiclitin  of  tlie  clavicle  nilli  the  nrmniiiin,  which  »lti)WK  llie  glenoid  cnrity  to  be  brought 
directly  behind  the  head  of  the  hunierus  when  the  amis  are  tbniM  forwaid  ;  tlie  DaobLlilv  of 
the  K'apula.  which  renders  il  difhcull  for  the  hiimrral  levrr  In  be  broiugbl  Middcnly  ta  near 
on  a  fixed  point ;  the  fact  that  forced  abduction  of  the  humerus— the  iiiu»1  daoKctous  rnovc> 
nieiiC~(>i;cur%  only  when  the  prrwn  is  taken  uimwarcs :  and  lastly,  the  jirutcctiun  afiordetl 
to  the  shoulder  by  the  overhanging  shoulder-girdle. 

Frequency  of  Occurrence. — In  ihc  St.  Thoma-'i.  seric*  of  1207  dnlocatif»n»  339  of 
the  humerus  occurred,  fonninif  n  ratio  of  44  6 J  per  cent,  of  the  whole  numt^et.  In  Kr^n- 
lein*  setir*  of  <oo,  207  'XMurtetl,  or  51,7  per  cent.  By  general  coriKntuiof  opioiiitl.  it 
least  50  per  cent,  of  all  dislocations  take  place  at  the  shoutder-joint. 

Causation  and  Classification. — The  influence  of  a^^e  and  the  male 
sex  is  strongly  markt-tl  in  (lie  occurrence  nf  ilL-slocatioii  nf  the  humerus. 
It  is  rare  before  the  age  of  twenty  ;  and  it  has  been  shown  by  Kronlein 
that  its  place  is  taken  in  early  cliildlK»ott  by  fracture  of  the  then 
weak  clavicle,  while  later  the  still  un.stable  elbow-joint  Is  more  Iikel\' 
to  ftuflcr.  After  twenty  the  proportion  continues  to  rise  steadily  until 
old  age. 

The  humerus  may  be  displaced  in  four  directions — forward,  back- 
ward, downward,  or  upward.  Of  these,  tlie  first  is  by  far  the  most 
common.  The  displacement  in  either  direction  may  varjf  in  degree, 
but  the  following  classification  covers  all  the  main  varieties: 

1.  Forward:  Subcoracoid;  Subclavicular. 

2.  R^ckward:  Subacromial;  Subspinous. 

3.  Downward :  Subglenoid. 

4.  Upward :  Supracoracoid. 

Two  of  the  rarer  varieties,  named  from  the  rrlatire  poutioa  of  the  arm  to  the  tnink, 
may  be  menlinne<l :  Thu*,  tn  uitnc  cases  of  •.ub^lcnoid  dislocation,  the  am  is  thrown 
upward  more  or  1c!>*  directly  in  the  revf'rv  of  the  normal  {hixiUio  iTCf-Zii),  and  in  uitte 
coaei  of  subclavicular  di«localion  ttic  am  hna  been  noted  to  be  abducted  to  A  right  angle 
with  the  trunk  (/wt.i/iVi  haritontalii,  Barricnhcoerl. 

Although  the  prominent  position  of  the  shoulder  frequently  exposes 
it  to  direct  injurj',  di.slocation  is  far  more  common  as  the  result  of 
indirect  violence.  Forcible  abduction  of  the  limb  is  the  most  frequent 
cause;  hence  the  majority  of  dislocations  are  primarily  subglenoid,  the 
humerus  obtaining  an  abnomial  fulcrum,  either  in  the  acromion  or  in 
the  impact  of  the  gre^it  tuberosity  with  the  upper  part  of  the  glenoid 
ca\ity,  and  bursting  the  lower  part  of  the  capsule.  The  head,  as  the 
result  of  the  contraction  of  the  adductor  muscles  and  the  weight  of 
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the  falling  limb,  travels  secondarily  into  one  of  the  anterior  i>osition.'«, 
most  frequently  the  subcoracoid.  When  the  position  of  the  arm  Is  the 
rare  one  of  combined  adduction,  flexion,  and  internal  rotation,  a  [ws- 
tcrior  dislocation  may  result ;  but  the  nature  of  thu  violence  is  nearer 
akin  to  the  direct,  as  the  rent  of  the  capsule  is  at  the  posterior  aspect. 
Direct  violence  maybe  .applied  eitlier  to  the  head  of  the  hunicruaor 
to  its  lower  extremity.  When  applied  to  the  head  by  a  fall  or  a  blow, 
if  the  shoulder  is  struck  from  above  and  behind,  the  arm  bciny  rotated 
outward,  the  head  impinges  on  the  lower  and  anterior  portion  of  the 
capsule,  and  one  of  the  anterior  displacements  results.  When,  on  the 
other  hand,  the  force  is  applied  from  the  front  with  the  humerus  rotated 
inward,  the  upper  and  back  part  of  the  capsule  gives  way.  and  a  sub- 
spinous ilislocation  is  developed.  A  fall  on  the  upper  aspect  of  the 
shoulder  may  also  fracture  the  acromion  process,  and  the  violence  being 
continued,  a  subglenoid  dislocation  may  follow.  In  falls  upon  tlic 
elbow,  the  mechanism  is  the  same,  forward  dislocation  depending  on 
an  extended  and  externally  ro'tatcd  arm,  backward  dislocation,  on  a 
flexed  and  internally  rotated  one.  If  the  ann  Is  rotated  outward  in 
the  degree  of  extension  assumed  by  the  limb  when  hanging  at  rest, 
the  rare  supracoracoid  form  may  result. 

As  to  ihe  Tc1iiiiv(r  frequency  of  thr  difTcrcnt  v&ridiM,  of  th«  S39  disloratinns  obicmd  «i 
St-  Th(j«ia-'ii,  499  wctc  «ut>cOfacf>icl  or  >ubj{l«riui(l,  6  iiibr1atii.-ul&i,  and  d  »ul>»pin<Mi».  Ha 
example  nf  Mi|nncciTncctid,  liixAli^  erwta,  or  luxaiio  horiwnialii  is  rwordcd.  In  Kr6n)rin'» 
6[all*tks  of  307  di  si  oca  lion*.  J03  were  •.ut)Cf>raci>irf  or  ntilUn-,  5  luxalionr*  crwCiv,  am]  I 
mi1in[>innu<  In  ili«  Si.  Ttimnas'ii  Maiisiks.  tlie  »ut>coroct(i(l  ami  Mibslenutd  air  RinvsMt,  im 
account  of  the  different  opininns  a«  to  ihc  divriminaiior  nf  thoe  hel o  by  diffcrriM  obscrvci^ 

Pathology. — In  \\it  iii/niir/u,'td  varifty  ihr  head  uf  lh«f  humrruit  lir*  dirnlly  lirimtli 
the  coisicoid  pruces-i.  ihc  lip  of  the  Istlcr  licing  just  imemal  to  the  bicipital  gixKJ»r.  Th« 
great  tubeniNiy  rests  on  the  inner  and  under  part  uf  the  gletiuid  ^l^-ity.  tlic  anatomical 
neck  fin  it*  margin,  and  the  arlicular  ponion  over  the  spare  between  the  glenoid  carity  and 
the  thest-wall.  Ihc  shwrt  head  of  ihc  biecp*  and  llic  turacubnichiali*  cn^wt  the  inticf  pan  of 
the  head,  while  iht  rt'inaindcr  projccls  between  the  latissimusdorsi  and  the  ?utiK-apuUriv 
The  long  head  o(  ihc  bicept  ^e^wlll^in  il*  gTfwve,  jnd  cmMcsihe  gtcnunJ  cavity  under  cuvcr 
«f  the  tense  ^upra^plnntuv  and  infrahpinaius,  [he  capsule  iUelf  beiiif;  jKished  back  by  the 
head  of  the  bene.  The  axillary  niTvrn  and  reskrU  are  pushed  furwiinl  and  intrani  Iietween 
the  ^uliM-apnlnri*  and  jvectoralis  inajiT,  the  circumflex  nerve  lyin^  in  i)ie  space  between  the 
tuhicapnUTi*,  Uii««imu«  dnrsi.  and  humcni*.     These  sirucitirc*  are  seldom  injured. 

Theremin  the  capsule  is  either  transverse  or  obliijue.  lies  al  the  tower  and  luiier  aipect,  «ad 
inrolve*  from  rmc-linlf  In  ilirei-  f<iiinh<  iif  ihe  cirrumrercnce  ;  bm  it  has  heen  fuund  *"  small 
u%  lianlly  to  nlU'w  the  |si-isa):e  o(  the  head,  while  in  ver^-  rare  cas«3  il  Iiun  been  entirely  sepa- 
rated fmm  it«  humeral  atlachmrnl.  The  outer  and  iip))cr  part  is  tensely  stretched  over  ibc 
glenoid  <-avely,  Tlie  lower  biiiders  of  ibc  su1iH-a]>ulans  Hnd  teres  major  may  tic  vptnewbat 
lorn,  but  the  former  is  UMUilly  stictcticd  over  the  hea<l  of  the  humerus,  'llic  deltoid,  the 
supra^natus.  and  the  infraspinaws  are  tense.  The  last  two  sometimes  tear  off  a  pan  of  the 
i;reaier  tubeFosity,  The  teres  minor  and  roracobnichialis  are  usually  iininjure«l.  The  long 
head  of  ihe  bleeps  has  been  found  interposed  between  the  head  and  glenoid  cavity,  com- 
pletely displaced  outward  from  its  groove,  or  lorn  through. 

Sii/'i/aiiru/jr.- — A  slight  enagRemiiiin  of  the  lasit  variety  was  named  intraeoracoid  by 
MalcHiRne,  and  <.onsidere»l  by  him  ihc  rommone«t  of  all  dishxraliiiii*  of  the  humerus.  The 
head  iiuy.  however,  juivi  ^till  muie  internally  and  feu  un  the  second  rib  and  M-Tiiitu>  magnas 
below  the  clavicle.  Such  dislocalion*  are  accompanied  by  the  more  soere  moscular  and 
ligumentims  iiijvinen  euuiiienile^l  in  the  la-st  MVlion,  c^jircially  by  ru]>tuie  of  the  capsular 
muscles,  separntiun  of  the  great  tubemsity.  nnt)  displncctnenl  or  rapture  of  the  lonn  tendon 
of  [he  bicepSi,  and  arc  liable  Lo  ci>inpre«.s  the  axillary  vci^^ls  and  iKrves. 

Siifi:;ifm>id. — .'ITie  bend  nf  the  hvimenis  re*l*  on  the  upper  pan  o(  the  axJIUty  bord«raf 
the  K'^pula,  on  the  h'ng  head  "f  ll;r  tritcp<.  which  t*  wimetimr^  Uceraled.  The  rent  in  the 
capsule  is  at  the  under  pan.  The  deltoid  and  eapsulai  muscles  are  very  tcDse,  and  tmih  the 
grester  and  Ie<t4er  tuhern^itie-i  may  be  torn  off.  The  drcumflex  nerve  i)  fomctinics  lorn  at 
Ctmpressed -,  the  axillary  arter>-  has  liecn  injured. 

Stthtfiimatu.'^YhK  head  of  the  hamcnin  rMti  on  ih«  poMerior  inar(rin  of  ihe  ^enoad 
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cwi\y,  or  licnouh  thr  arniniion  pmcciwat  il*  jiinrtinn  iriih  thr  *ptnc — very  nniy  hcnviiU) 
Ihc  spine  pr'j]»ct,  "llic  head  is  coiferetl  by  ihi-  ilfll(ii<t  aluuf.  m  .■>iimcliiDr%  hv  llie  Mitirn- 
^pinntUH  uWt.  Tlir  suhsraiMiliirii,  ihr  niKrriitT  KIii-in  nf  llir  nimcnlinir.'St.tlis  sn'l  ihr  snoTt 
'lead  of  tlip  Iitc«p4  Me  tnucn  stielch^d  ;  th«  Imic  leinJon  of  the  biceps  fotlow*  the  liiimi-ni*. 
The  :>ub-tcnpulnri!t  nuf  be  •wpnnilnl.  or  mny  imr  ofT  the  lcll^cr  (uhcro»ity.  The  {[mier 
lubcrosiijr  also  U  uccauonallr  torn  off  (Fig.  30IJ. 


Fills.  301,  joi. — Sul'»(iiri'iin  ilijl.N.-li<-ii  til    llitf  tiuimni*  t^l      1  ■ 


M.>-t'uii..  1..>»i.ImI1  i 


Symptoms. — SubcoraroU  Disfncation. — The  shoulder  is  depressed, 
the  arm  abclucted  and  externally  rcitatcd.  The  nxi.s  of  the  humerus 
extends  from  above  downward,  backward,  anil  outward.  The  infra- 
clavicular fossa  i.s  (tattcncd,  the  anterior  wall  of  the  axilla  vertically 
deepened,  and  a  prominence  corresponding  to  the  position  of  the  head 
of  the  humerus  occupies  its  outer  part.  The  axillary  folds  are  slack- 
ened and  the  cavity  shallowed.  The  shoulder  is  flattened  on  its  pos- 
terior and  outer  asixrct,  while  the  acromion  projects  with  angular  outline. 
From  the  latter  the  deltoid  descends  vertically  and  meets  the  slanted 
humerus  at  an  angle.  The  forearm  is  usually  tiexed.  pronatcd.  and 
supported  by  the  opposite  hand.  Ow  paljialion  the  head  can  be  felt  in 
the  axilla,  as  the  arm  hangs  also  beneath  the  anterior  axillar)*  waJI. 
The  acromion  is  readily  traced,  and  the  deltoid  beneath  is  in  a  state  of 
hollow  tension  over  the  empty  glenoid  cavity.  On  manipulation  the 
arm  is  rigid,  adduction  is  limited  and  only  to  be  made  by  the  employ- 
ment of  considerable  force,  and  both  ailduction  and  flexion  are  very 
|jalnful.  On  measurement  little  difference  is  to  be  made  out,  although 
the  head  of  the  humerus  i.s  at  least  \  inch  lower  than  normal,  the  actual 
variation  being  obscured  by  the  obliquity  of  the  axis  of  the  shaft.  The 
axillary  circumference  is  increiLscd  by  at  least  an  inch  (Fig.  303). 

As  already  observed,  the  head  may  take  up  a  more  internal  ]K>sition 
and  still  be  in  close  relatioivship  to  the  coracoid  process.  Under  these 
circumstances  the  axis  of  the  humerus  i.s  more  oblique,  so  that  the 
abduction  is  ap|xtrently  loss,  while  the  angle  formed  by  the  meeting  of 
the  deltoid  and  humerus  is  more  marked.  The  head  rests  more  deeply 
and  palpably  internal  to  the  coracoid  process ;  hence  it  is  not  so  prom- 
inent anteriorly,  nor  can  it  be  felt  in  the  axilla  without  abducting  the 
arm.  There  is  internal  rotation.  Actual  crepitus  may  be  present,  due 
to  fracture  of  the  great  tuberosity,  and  the  limb  is  more  movable  as  a 
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result  of  the  freer  laceration  of  the  capsule  and  other  soft  structures 
(Fig.  304). 


Fig.  3^3— Subcoracoid  dislociUiim  (>\  FIG.  304. — Suhcnncoid    dixlocation    of    the 

lh<^  humcru*  {Sl.TTiofnas*  MuMum,  I^n-      hiimcnis;    lr*«  abducliun   ami  Intcni.il    rolntioo 
don^  o(  sh«ft  due  to  cociiMcnl  fmctnrc  of  ihe  greater 

tuberosity  (Si.  Thomas's  Muwum,  London). 

SuMm'Uular. — This  rare  dislocation  is  merely  an  increase  in  degree 
of  the  tlisplaceiiient  last  described.  Thi;  head  of  the  humerus  travels 
so  far  inward  that  no  abduction  is  apparent ;  in  fact,  a  finger  can  with 
difficulty  be  inserted  into  the  axilla.  The  axillary'  folds  arc  much 
slackened;  the  huad  may  be  apparent  if  the  pcctoralis  major  i.s  not 
highly  developed  or  is  torn,  and  can  be  felt  l>cnealh  ilie  clavicle  inter- 
nal to  the  coraeoid  process.  Free  mobility  antl  [wssible  crepitus  are 
naturally  still  more  characteristic  of  this  variety  than  the  last.  In  rare 
cases  tht;  arm  has  assumed  a  position  o{  abduction  at  a  right  angle, 

Subj^ii-jwid. — As  already  remarked,  this  is  the  initial  stage  of  most 
anterior  dislocations  due  to  indirect  violence,  especially  when  thci 
abduction  is  continued  to  hyperelevation  (as  in  a  fall  through  a  manhole 
with  upstretchcd  anns),  under  whrch  circumstances  the  arm  sometimes 
retains  its  falst-  positinri,  the  axis  of  thtr  hiinn.Tus  coursing  more  or  less 
directly  upwiiril.  The  forearm  is  lluni  fli-xcd.  the  hand  either  resting 
on  the  head  or  supported  by  the  sound  limb  {JuxaUo  erectd).  The 
retcnticjn  of  the  subglenoid  position  appears  to  depend  on  opposite 
conditions  in  diflcrent  cases :  in  some,  on  a  narrow  sht  in  the  capsule ; 
in  others,  on  very  free  laceration  of  the  capsule  and  muscular  insertions. 

In  typical  cases  the  shoulder  is  much  dq^rcsscd  and  the  scapula 
advanced.  The  arm  is  very  strongly  abducted,  the  real  abduction  of  ihc 
humerus  being  greater  than  the  apparent,  -since  it  is  lessened  by  the  rota- 
tion of  the  angle  of  the  .scapula  toward  the  spine,  which  accompanies  the 
depression  of  the  shoulder.  The  anterior  wall  of  the  axilla  is  widened ; 
there  is  no  prominence  below  the  coraeoid  process,  and  the  hollow  of 
the  axilht  is  <ibliteratcd.     The  acromion  projects  strongly,  and  there  is 
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much  flattening  of  the  tlcitoid  area.  On  palpation,  the  head  of  the 
humerus  is  fell  in  the  axilla,  jicrhaps  a  little  nearer  lo  the  anterior 
or  jKJsterior  wall  respectively.  The  hollow  tension  of  the  deltoid  is 
extreme.  ■  On  manipulation,  the  arm  may  be  swayed  a  little  forward 
or  backward,  but  adduction  is  strongly  opposed  and  extremely  painful. 
While  the  arm  remains  abducted  there  may  be  no  elongation;  but 
when  adducted  m  the  process  of  reduction,  ientjlhening  may  amount 
to  as  much  as  an  inch.  The  axillary  vessels  and  nerves  are  often 
compressed. 

Su&spitivus.—-Pi^  in  the  anterior  dislocation,  the  degree  of  inward 
displacement  varies.  As  a  rule,  however,  the  head  of  the  humerus 
docs  not  pass  further  inward  than  the  junction  of  the  spine  and  acro- 
mion process.  UeformitT,'  is  often  not  so  marked  as  in  the  other  dis- 
locations, as  a  result  of  swelling  "f  the  soft  parts  due  to  the  direct 
nature  of  the  violence  occasioning  tlie  displacement.  The  shoulder 
is  much  broadened  externally,  and  a  little  flattened  anteriorly.  The 
arm  is  slightly  flexed,  abducted,  and  rotated  inward;  the  forearm  is 
pronatcd.  The  direction  of  the  axis  of  the  humerus  is  downward,  for- 
ward, and  outward.  On  palpation,  the  head  can  be  felt  beneath  the 
junction  of  the  spine  and  acromion,  especially  if  the  flexion  of  the  arm 
is  somewhat  increased.  There  is  hollow  tension  of  the  deltoid,  and 
occasionally  the  anterior  margin  of  the  glenoid  cavity  can  be  made  out. 
Both  the  acromion  and  coracuid  proce-sses  are  more  readily  tracetl 
than  normal,  if  the  swelling  is  not  too  great.  -All  movements  are  very 
painful,  especially  attempts  at  supination  of  the  forearm.  The  result 
of  measurements  is  vcrj'  variable. 

Infnispi/ious. — In  the  vcr>'  rare  infraspinous  variety  the  broaden- 
ing of  the  shoulder  is  extreme.  As  in  the  subclavicular  variety,  the 
inward  position  of  the  head  brings  the  arm  against  the  trunk  and 
obscures  the  real  amount  of  abduction.  Flattening  lietween  the 
acromion  and  the  coracoitl  process  is  more  market!,  ant!  the  infracla- 
\-icular  fo.ssa  is  deepened  and  sometimes  cro.ssed  by  the  tense  short 
head  of  the  biceps  and  coracobrachialis.  The  head  of  the  humerus  is 
readily  felt  below  the  scapular  spine. 

It)  old  ())iloc«tinn>  ih«  abdurlH  pauiion  is  lc«s  marked,  hnvini;  tindn|;nn>e  gndtul  cor- 
rection MS  A  riruill  <if  the  vnghl  nf  llir  drpcndrni  nrm.  On  ihc  aihrr  hand,  the  diMppMl- 
■nre  of  »wellinf!  Mid  (he  atiuphy  of  Ihe  delluid  ^\iii  marked  prominence  to  tlicacromion  ai»d 
conicoid  prf>fc!"«,  sepantcd  by  a  vertical  groove  nnteriorly.  *ind  to  ilie  head  (in  Ihe  dnreura 
of  I  lie  M;a|ml«. 

Suf>racora{md.—\n  spite  of  its  rarity,  the  occurrence  of  this  dislo- 
cation has  been  fairly  established ;  therefore  a  word  must  be  added  as 
to  its  signs. 

The  arm  is  addmUd,  slightly  extended,  and  rotated  outward.  There 
is  no  flattening  of  the  deltoid,  and  the  head  forms  an  anterior  promi- 
nence between  the  acromion  and  coracoid  processes,  where  its  presence 
can  be  determined  by  palpation,  and  where  a  slight  hollow  beneath 
the  acromion  exists  behind  it.  in  which  the  posterior  margin  of  lite 
glenoid  cavity  can  be  sometimes  felt,  The  coracoid  process  is  diflficult 
to  distingtu'sh.  and  may  be  fnictured;  in  this  case  crepitus  is  present. 

DUicnosis. — (^ne  or  two  points  relating  to  the  investigation  of 
shoulder-dislocations  in  general  may  be  first  noticed,     i.  The  direc- 
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tinn  of  the  axis  of  the  humerus  is  the  cardinal  indication  of  th( 
tion  of  its  head;  and  it  may  be  further  noted  that  the  direction  of  the 
articular  surface  of  the  head  corresponds  with  that  of  the  internal  ejii- 
coiidyle.  In  al!  dislocations  of  the  humerus  except  the  rare  supra- 
coracoid,  t!ie  shaft  of  the  hone  is  in  a  |iosilion  of  abduction,  even  if  this  be 
obscured  by  the  free  jjassaye  of  the  head  on  to  the  anterior  or  posterior 
asjKrct  of  the  trunk.  2.  As  a  result  of  the  absence  of  the  prominence 
of  the  head  beneath  the  acromion,  a  straight  edge  applied  to  the  outer 
aspect  of  the  limb  will  rest  on  the  acromion  and  external  cpicondyle. 
3.  The  axillary'  circumference  is  increased  when  the  measure  is  carried 
around  al  the  level  of  the  junction  of  the  spine  and  acromion.  4.  The 
positido  of  ;il»liiclion  of  the  humerus  vitiates  any  measurements  carried 
from  the  acromion  to  the  external  cpicondyle;  hence,  these  are  of 
little  diagnostic  aid. 

The  discrimination  of  the  different  varieties  depends  on  careful 
investigation  iur  the  signs  just  enumerated. 

The  iiiffrrentiat  JiagHOsu  in  caMS  of  severe  cootusoo  is  lo  be  nude  by  the  exclasioD  of 
dgri^  i»f  (Ti^iilnrrinrttl,  mid  alwav.s  wilti  ihf  aid  of  >n  anmht^IJc  wlicii  anv  doubt  eiiuv 
Contusion  acconipookd  by  paresttof  thedclmid  ■may  tlightly  nmulatc  a  dmloCAtioa  when 
the  |.iriinary  nwrlUnif  Iins  iltsn|)]>rnrr^).  |-[i-ri',  liowrvrr,  uu  sijfn  of  [lUlituUioti  exrr|>[ 
advancement  of  llir  head  cxiMs,  »ni\  this  can  be  generally  corrected  by  lifting  the  clt><>w. 

Certain  fntcluri.**  iniy  give  rise  (u  dilficully.  It  iiiu%(  be  fml  tiuiiie  in  mind  tbut  fraeUtr« 
of  a  tuhemsity  m.-iy  aecnin|iany  a  disloeailon.  If  this  be  the  clt^e,  the  variations  of  the  typical 
sign*  uf  diklocition  will  be  the  addilivii  of  c[C|)tlu%  |wiu>ibly  nurkcd  lucil  tcndcriKU,  a  ten- 
dency to  TCL'Urreiice,  and  abTinrmal  rolallon  of  the  long  asis  of  the  ^liaft.  Fracture  of  the 
neck  o^f  the  scapula,  of  the  neck  oi  the  humerus  or  MumriUion  of  the  upp""  huroeral  epi- 
physis tnay  be  excluded  by  rcmemherin;;  ihut  in  all  disloenlions  Uie  head  leaves  it&  |iosiiioii 
beneath  th«  aemmtt^n,  iin<l  t1iat  the  nxi*  of  th<^  hunicm«  i«  one  of  iib<luciion.  In  all  thtev^ 
fractures,  the  head  '\*  in  piivitioii,  the  ann  ii  addiicted,  and,  in  addition,  the  deronnity  e\ii.l 
ing  is  UMially  rcdaecd  with  ease,  and  return*  on  rclcaMng  the  limb.  An  impacted  rraciiirc 
of  tlie  neck  may  oHirr  iiiore  trouble  ;  tnit  here  Illc  anteriur  swelling  is  lower,  and  iiu  hollow 
cxisu  beneath  the  acromion. 

Care  is  sometimes  necessary  also  in  young  children  not  to  confuse 
a  forw.'irtl-hangiiig  lieatj  in  cases  of  infantile  paralysis  with  palsy,  or  a 
congenital  tlisloaiiion  with  a  recent  injury.  In  cither  condition  the 
mobility  of  the  small  malplaced  head,  readily  returning  to  its  false 
position  when  released,  together  with  the  state  of  the  mu-scular  devel- 
opment of  the  limb,  will  be  sufficient  to  ensure  against  a  mistake. 

Prognosis. — .'\s  to  (nnnediate  reduction,  these  dislocations  seldom 
prove  intractable;  but  some  difTiculty  is  often  experienced.  The  sub- 
clavicular variety  is  the  nu)st  troublesome,  sometimes  pro^'ing  irreduci- 
ble, and,  :ls  a  result  of  the  extensive  injury  to  the  soft  parts,  often  being 
difficult  to  retain  in  position.  The  latter  difficulty  mo.^t  commonly 
deiieiids  on  great  laceration  of  the  capsule;  and  it  is  met  ^^^th  also  in 
thu  subspinous  and.  occasionally,  other  forms.  In  all  varieties  a 
tendency  to  ready  recurrence  on  slight  injury  or  incautious  movement 
i.<i  sometime.s  observed. 

The  prngnoKis  may  he  nutenally  influenced  hy  concurrent  injuries.  Of  tliese.  contiguou.* 
fmcliire.  a«  i>(  [he  IiilieruMtit-s,  will  ^\\v  ri%e  In  dilliiullr  in  re<)urtioi)  and  in  retaining  ihe 
iiiiiit  E^niK  in  miurnie  juiwiinn,  and  liter  the  movcmcikt  of  the  joint  may  be  limited  either 
as  n  rcMill  of  iliex.ict  union,  the  presence  of  abundant  callus.  i>r  non-uith>n  on  the  [mh  of 
llie  fiagmrnlv  Again,  a  rmciurr  in  the  rieinity  nuty  oD'er  ^rious  obstacles  to  realuctinti. 
Injury  to  the  axillary  vej»eb  or  their  branches  may  also  be  a  scnoue  complication,  but  ft( 
lunaicly  it  i*  rare.  Of  the  ner%-es,  the  circumflex  moat  frequently  &utTcri,  and  the  resuliinK 
deltoid  panlvNi  is  a  moit  untoward  erent 
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W'licn  unreduced,  .subsequent  changes  already  dwelt  upon  occur 
in  the  joint,  and  m  ilic  ;ibscnce  n(  press ure-symptonis  u  fairly  use- 
ful limb  rmiy  be  altaineti.  Tlie  weight  uf  ihe  limb  brings  the  arm 
to  the  sicic.  iiiul  gradual  increase  nf  range  ctf  niovenicnt  is  obtained 
by  exercise.  The  subclavicular  and  the  stipiacoracoid  are  the  most 
marked  exceptions  to  this ;  while,  as  a  general  rule,  a  more  useful  limb 
Is  obtained  in  the  case  of  the  anterior  than  the  posterior  displacement, 
since  a  better  new  joint-cavity  is  develoiKd.  In  the  subspinous  dislo- 
cations the  head  rests  less  directly  on  the  bone,  and  the  spine  of  the 
scapula  does  not  offer  such  satisfactory  supjKtrt  above  as  docs  the 
coracoid  process.  In  other  cases  the  persistence  of  the  ilisplaccment 
is  accom}>aried  by  great  pain  from  ncrve-prcssurc,  especially  in  the 
subclavicular  \'aricty.  and  is  followed  by  gradual  wasting  of  the  muscles 
and  fixation  of  the  joint. 

Attempts  at  reduction  are  justifiable  in  suitable  cases  as  late  as  the 
end  of  twelve  months,  but.  as  a  rule,  six  to  eight  weeks  may  be  given 
as  the  limit  of  the  period  in  which  they  are  likely  lo  be  successful. 

Treatment. — If  the  p.tlient  cimu-s  under  immediate  observation,  an 
ancstlittic  may  often  be  dispensed  with  as  unnecessary';  in  other  cases 
it  may  be  inadvisable  on  general  grounds,  tlic  more  so  as  anesthesia 
needs  to  Ix:  deep  to  be  useful.  If  the  dislocation  has  already  existed 
some  hours,  or  if  the  patient  is  nvr\'ous  or  of  strong  muscular  devcU 
opment,  anesthesia  is  advantageous,  ami  often  necessary. 

A  very  large  number  of  mcthoils  of  reduction  have  been  employed, 
and  of  these  a  few  of  the  most  apparent  general  utility  will  be  given. 
It  may  be  premised  that  in  all  methods  one  of  the  most  imijortant  ele- 
ments is  the  fixation  of  the  scapula.  The  scapula  may  be  fixed — first, 
by  pressure  on  the  part  of  an  assistant  over  the  acromion  process  and 
clavicle,  the  patient  being  cither  in  the  sitting  or  recumbent  position ; 
secondly,  by  applying  a  sheet  carried  well  up  to  the  axilla,  the  two 
cuds  being  held  by  an  assistant  standing  on  the  opposite  side  of  the 
body  :  thirdly,  by  dragging  on  the  opposite  arm,  which,  by  making  tense 
the  trapezius  of  the  opposite  side,  provokes  contraction  of  the  muscle  on 
the  injured  side;  and  lastly,  but  less  efficiently,  by  simply  placing  the 
piitient  in  the  recumbent  supine  position.  In  all  the  methods  of  reduc- 
tion, use  is  made  of  the  humerus  as  a  lever.  This  bone,  by  reason  of 
its  length  and  strength,  is  ca]>able  of  exerting  great  jMuvcr;  and  in  this 
respect  it  is  well  to  bear  in  mind  that  in  some  of  the  so-adlcd  manipu- 
lative methods,  the  leverage  exerted  is  so  great  as  to  effect,  if  injudi- 
ciously used,  more  *crious  local  injur>'  than  those  methods  of  exten- 
sion that  are  generally  regarded  us  more  violent  in  their  nature. 

Miihoiis. —  I.  Abducltnn  of  the  arm  with  direct  digital  pressure  on 
the  head  from  the  axilla,  c^mibinetl,  if  necessary,  with  modenitc  traction 
and  rotatory  movements.  Koiation  should  first  be  made  in  an  external 
direction,  and  be  followed  by  internal  rotation  and  adduction.  This 
method  is  well  adapted  for  the  reduction  of  subcoracotd  dislocations  in 
weakly  developed  persons  and  in  the  young, 

3.  Tlie  same  procedure,  but  with  increase  of  the  movement  of  abduc- 
tion  lo   hy[x;relcvatioti,   the  scapula   being  fixed.     This  i.s  especially 
suitable  to  some  cases  of  subglenoid  dislocation,  particularly  those 
with  slight  abduction  of  the  arm. 
u 
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3.  Maniffulation  hy  Kocher's  Method. — The  patient  is  best  recum- 
bent, bat  the  maneuvers  can   be  carried  out  in  the  sitting    position. 

First  Stage. — An  assistant  stands  behind  and  fixes  the  scapula  by 
pressure  on  one  or,  better,  both  acromion  processes.  The  sui^eon 
grasps  the  patient's  foreami  above  the  wrist  with  one  hand,  and  the  arm 
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Pic.  305.— tVMlUoa  preparjtory  10  making  Inctton  an<l  direct  pressure. 

at  the  elbow  with  the  other ;  the  abducted  h'mb  is  then  carried  against 
the  trunk  and  pressed  firmly  down.  This  corrects  the  direction  of  the 
axis  of  the  humerus  and  puts  the  upper  and  outer  jjart  of  the  capsule 
on  the  stretch  (Fig.  306). 

X 


J 


Plu.  306. — Correeuon  ol  abdnctiun. 

Second  Stage. — The  arm  being  lidd  firmly  lo  the  trunk,  the  forearm 
is  carried  by  external  rotation  of  the  humerus  nearly  into  the  frontal 
plane  of  the  trunk.  This  utilizes  the  tcn.sion  of  the  intact  part  of  the 
capsule  in  hrinpng  the  head  outward,  and  causes  the  rent  to  gape;  it 
also  disengages  the  groove  on  the  anatomical  neck  from  its  position  on 
the  mai^in  of  the  glenoid  cavity  (Fig.  307). 
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Tfiirti  Stage. — The  ami  is  carried  across  the  body  in  the  frontal 
plane  aiul  intfriially  rQlaled.  Tliis  brings  tlie  cartilagc-cIad  portion  of 
the  head  opiwsitc  the-  ^ap  in  the  capsule;  and  the  head  should  now 
enter  the  glenoid  cavity  (h'ig.  30S).  It  will  be  observed  that  the  stage 
in  which  the  greatest  care  is  iiecessar)'  not  to  employ  excessive  force  is 
that  in  which  extertiul  rotation  is  made.  The  method  is  applicable  to 
all  anterior  dislocations;  but  in  the  case  of  the  subclavicular  it  must 
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be  preceded  by  traction  to  draw  the  head  outward,  practically  into  a 

subcoracoid  position. 

4.  Manual  Extension  with  thf  Hcet  in  th(  Axiita. — The  patient 
reclines,  while  the  scapula  is  fixed  by  a  towel  passed  over  the  acromion 
and  held  by  an  assistant  on  the  other  side.  The  surgeon  seats  himself 
on  the  edge  of  the  couch,  places  the  unshod  foot  in  the  axilla  of  the 
patient,  and,  grasping  the  forearm  just  above  the  wrist,  makes  steady 
traction,  at  first  in  the  axis  of  the  displaced  bone,  gradually  bringing 
the  limb  around  the  fulcrum  oflered  by  the  heel  inward.  This  opens 
the  slit  in  the  capsule  at  the  same  time  that  the  head  is  carried  outward  ; 


FK.  300— Adductloo.  Bexinn,  and  tnicmal  rotation. 

and  the  head  is  usually  drawn  by  tlie  muscles  into  position.  A  move- 
ment of  rotation  at  the  termination  of  the  maneuver  may  be  useful 
This  method  can  be  carried  out  without  assistance,  and  is  very  gener- 
ally useful.    At  the  same  lime  it  must  be  borne  in  mind  that  the  heel 
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in  the  axilla  ban  been  responsible  for  many  of  the  complications  seen  in 
the  rcduclioii  of  shoulcler-ciislucations,  jiarticularly  injuries  to  the  vessels. 

5.  lixhiision  tvith  the  Knee  in  the  AxUia. —  The  patient  sits,  the  sur- 
tjeon  st;inillng  behind  him  and  placinj;  his  foot  on  the  stool.  Traction 
is  then  made  by  an  assistant,  the  surgeon  manipulating  the  head  with 
one  hand,  wlule  diri:ct  downward  pressure  is  made  on  the  acromion 
willi  the  other. 

6.  Itypfrfxlt»$u*H. — '['his  is  not  a  good  mclhoil  for  genera)  application,  as  ii  I*  liable  to 
nuM*  ciii'iiilirnible  liiL-i-miii>ii  uf  the  Mift  .'>iniciuine&.  Ii  may  be  applied  by  pUdiiK  ibe  fMtietit 
in  llic  rccumhcnt  i»)*iUori.  The  surgc\>n  ^tamU  at  the  hc*d  of  i5if  couch,  ktA  graip^  ihe 
litnli  wtlh  Uilh  hiitiil^i :  ihtni,  pliiLJiig  the  hulUrw  of  the  foot  on  th«  flcmmtuU  wx.r*A,  be 
makes  extension,  whirh  is  carried  ion  nci-ilful  drgrcr  nf  liyjitrrrU-valiim.  Ani)i)i(-f  mrihixl 
is  the  »u-<:nllcil  *^ pentiulum  wet^ikt,"  in  whi^li  the  patient  lies  on  the  llooi  on  the  uninjured 
aide.  The  injured  ann  is  then  graiped  and  liaclion  made,  the  weight  of  the  body  ftcrviag 
as  counlciextctioion. 

Any  ul*  these  mirely  manual  methods  may  he  combined  with  Imclion  bf  pulley*  ;  or  id 
very  obstinate  or  old  cama  the  whole  method  may  be  varied,  pulleys  being  employed  for  par- 
poses  d[  etIcnMon,  while  count ercvlensioii  !•>  oblajncd  by  i>nc  tuwcL  cartiod  amund  the  axilla 
and  another  anmml  the  (mmIv  to  fix  the  srapula.  The  directions  given  as  to  ancillury  nwre- 
inenbi  of  manipulation,  o{  course,  apply  c<|Ualiy  here. 

Paiterior  diiplncemen!*  arc  hett  trcaied  by  one  of  the  extension  methods. 

After  retlucllon,  a  sni.'ill  pad  shoidd  be  phiccd  in  the  axilla,  the  fore- 
arm ficxetl.  and  tiie  arm  firmly  banda^jed  to  the  side.  At  the  end  of  a 
week  a  slinp  m;u*  be  substituted  for  the  bandage,  and  sli^jht  movements 
cautiously  made.  These  may  be  increased  during  the  next  few  weeks. 
and  combined  with  wann  bathing  and  massage.  It  must  always  be 
rcmeinbtrri-d  iliat,  on  the  one  hand,  these  dislocations  are  liable  to  be 
readily  followed  by  .stiffness  and  atrophy  of  muscles,  if  not  treated 
wiih  suificieiit  care  as  to  movement;  while,  on  the  other  hand,  too  free 
movements  tend  to  the  dc\elo]jrncnt  of  a  widened  capsule — so  often  a 
source  of  permanent  weaknes.«i  and  tendency  to  recurrence.  Imme- 
diate recurrence  or  recurrence  during  the  first  days  is  rare.  It  depend.^ 
cither  on  careless  movements  of  the  patient,  the  limb  being  insecurely 
fixed.  m\  great  laceration  of  the  tissues,  detachment  of  the  lubcrositic'f. 
or  possibly  on  the  collection  of  a  large  amount  of  synovial  and  san- 
guineous effusion. 

In  a  small  proportion  of  cases  a  dislocation  is  followed  by  the 
acquisition  of  so  marked  a  tendency  to  recurrence  that  disptaccinrnt 
becomes  habitual  on  the  slightest  uncontrolled  movement  of  abduction. 
I-'orthis  condition  the  tre.itnient  is  massage  and  exercise,  or  strict  hmita- 
lion  of  miivetnetit  by  the  constant  use  nf  suitable-  braces,  or  an  incision 
with  shortening  of  the  capsule  by  exci.sion  of  the  stretched  portion. 

Compound  and  Complicated  Dislocations.  —  The  former  ar« 
extremely  rare.  As  a  rule,  they  demand  conscr\'ativc  treatment 
only ;  but  a  limited  excision  may  be  useful  to  facilitate  reduction 
and  ensure  future  drainage. 

The  question  of  complicaiion  by  fnictiirr  of  the  iliaft  of  the  bone  has  l>cen  already 
alluclcil.  Meniiiin  slumld  Uc  made  of  McHuniey'^  metlHid  of  expusinj;  the  lower  end  of 
[he  upper  lia^menl  and  in^riini;  a  hook  mt^  it,  hy  which  Iractiiin  was  made  and  the  ditloai- 
lion  iucceWtilly  rcfiueerf. 

If  the  a\illar>*  artery  or  vein  has  been  injured  and  a  diffuse  trau- 
matic aneurysm  has  dcvehijx-d.  the  only  treatment  is  free  opening  up 
of  the  axilla  by  divi-^ion  of  the  pectoral  muscles,  rapid  clearance  of  the 
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clot,  and  search  for  the  bleeding  point,  the  third  part  of  the  subclavian 
being  meanuhiilc  compressed.  I'hc  success  of  this  formidable  opera- 
tion depends  entirely  on  freedom  of  incision  aiid  rapidity  of  procedure. 
When  the  axilla  is  ojK-ned  up,  direct  pressure  on  the  axillar>'  vessels 
niiiy  laUt:  (ht.-  placi.'  nf  tlic  less  efficient  proximal  coniprrssion  of  the 
Kuliclaviaii. 

Old  Dislocations. — The  same  methods  of  reduction  are  available; 
but  we  must  bear  in  mind  the  changes  which  have  occurred,  such  as 
the  formation  of  adhesions,  particularly  of  the  capsule  to  the  glenoid 
cavitj*,  the  shortening  of  some  parts  of  the  capsule  and  surrounding 
structures  and  the  cnrrespondiiiy  lengthening  of  others,  and  even  the 
tliickenhig  and  loss  of  contuur  i>f  the  bone->uriiices,  Any  method  of 
reduction  must  be  ])rccedcd  by  free  passive  movemems  in  all  directions, 
to  break  down  adventitious  adhesions.  Kocher's  manipulations  may 
then  be  tried,  followed  by  extension  methods  if  necessary ;  but  the 
external  rotation  in  Kocher's  method  must  be  cautiously  employed,  to 
avoid  fi-acliire  of  tlie  humerus  from  torsion,  which  has  several  times 
occurred.  KfTorts  have  been  successful  up  to  nine  and  even  twenty -one 
months,  but,  as  a  general  rule,  six  months  is  the  latest  hopeful  limit. 

In  deciding  on  a  trial,  several  points  must  be  fully  considered  ;  and 
these  arc  not  the  less  to  be  kept  in  mind  in  the  carr>'ing  out  of  the 
necessary  manipulations,  some  cases  naturally  allowing  of  a  much  more 
forcible  treatment  than  others.  These  points  may  be  grouped  shortly 
as  follows;  I,  The  degree  of  usefulness  of  the  limb;  2.  The  age  and 
occupation  of  the  patient;   3.  The  condition   of  the  blood-vessels;  4. 

The  existence  of  c\idcncc  of  ncnc -pressure ;  5.  The  degree  of  previous 
inflammation  which  may  have  existed;  6.  Whether  tlie  original  injur\' 
was  complicated  by  fracture. 

Loss  of  ftmction  and  pain  arc  the  most  pressing  indications  for 
interference,  and  under  these  circumstances  any  of  the  above  methods 
may  be  inadequate,  and  an  ojierattve  method  may  be  demanded.  Sub- 
cutaneous incision  maybe  passed  over  with  a  word, as  seldom  likely  to 
be  of  definite  use;  but,  occasionally.  [>ersistcnt  deformity  and  pressure- 
symptoms  m.iy  be  relieved  by  altering  the  axis  of  the  limb  by  means 
of  subcutaneous  osteotomy.  Open  incision  and  reposition  are  suitable 
to  some  cases  in  which  the  dislocation  is  of  short  standing ;  and  it  may 
be  combined  with  pegging  01  suture  of  the  great  tuberosit)-.  if  this  is 
loose  and  leads  to  difficulty  in  keeping  the  bones  in  ajjposition.  Kxcision 
of  the  joint  has  proved  ver>' successful  in  cases  in  which  nerx'e-pressure 
and  deficiency  in  movement  are  prominent  features.  No  more  than  the 
articular  portion  of  the  head  needs  removal  in  the  majorit>-  of  instances. 
In  deciding  to  adopt  this  treatment,  the  temperament  of  the  patient 
needs  especially  careful  consideration,  since  no  good  result  will  be 
obtainei]  unless  sufficient  capacity  exists  for  the  endurance  of  a  con- 
siderable amount  of  suffering  in  the  after-treatment  by  passive  exercise. 

I-istly  must  be  enumerated  the  accidents  which  have  happened 
during  trials  at  reduction  of  dislocations  of  the  shoulder.  They  arc 
placed  here  because  it  is  in  old  dislocations  that  the  majority  of  them 
have  occurred.  These  are  shortly  :  1.  Severe  contusion  of  the  soft 
parts,  perhaps  followed  by  cellulitis;  2.  Great  subcutaneous  laceration 
of  the  capsule  and  muscles ;    3.   laceration  of  the  blood-vessels,  cspe- 
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cially  the  tearing  nf  one  <t^  the;  lateral  brandies  of  the  axillar>'  artery  ' 
by  ilic  hctrS  ill  llit:  axilla ;  4.  lnjur>-  to  the  nen-es  of  the  brachial  plexus ; 
5.  Kracturc  of  the  ImiHcrus,  or  ribs;   6.  Avulsion  of  the  limb. 

Radius  and  Ulna. — Tlic  elbow-joint  otTcrs  the  most  comphcatcd 
bo:iy  surfaces  for  contact  of  any  articulation  in  Ihc  bo<iy,  while  bony 
apophyses,  pr^ijt-cliiig  on  either  side,  give  increased  power  and  range 
of  action  to  the  nlll^cles  which  act  u|)on  it. 

]ts  Mnbilily  depends  on  ihc  depth  of  tlic  sijjmoid  cavily  of  ihc  ulna,  the  more  iraportant 
of  ihe  Iwo  bones  of  Uie  fotcsnn  taking  patt  10  Ihc  anicuUliun ;  il  <lepeDd*  al>o  upno 
the  V^^^  iAxKivff^  of  iu  laleral  liKomenli,  and  the  support  iciven  bjr  the  triceps  behind,  (he 
breclitnli*  nnlituti  in  frijitil,  onA  the  rtrior  nn-il  cKlrn«>r  tiujm'Ica  ct{  iW  forurm  fin  cither 
side.  The  special  charactvri&lics  of  dislocatiDii^  of  the  elbow  joint  depend  on  Ihc  duoi- 
hf  r  of  <epiimle  ptomitipnrc*  olTrrciI  Uy  iht-  hour*,  and  nn  ihr  fact  ihal  thr  mnTemrnt!!  of 
the  jiiint  arc  fur  the  muM  |Kiit  liiDJIctl  by  a\:tiiul  Umy  Ldtilatl  of  Mime  one  of  Ibcsc  piocesacs 
cm  the  C'<llTr^|H1llllitlg  ravitv  nf  rei'eplint).  The  prc-vnrr  iif  a  nninbiT  of  Imnv  prominences 
accounts  fur  the  fre^iienc}  ulth  which  theu  dislucatiun^  are  accompanied  by  fracture,  while 
liic  prtH-r-s5*-»  lifii-ti  fjirin  Ihe  abncirmal  fulcmni  by  which  the  ltionc»  arc  levered  out  fium 
llicir  prcipcr  retatifinsbip. 

Frequency  of  Occurrence. — In  the  St.  Thuma*'*  lerie*  of  1307  tlitlocationf^  232  of 
the  elhiiw  occurred,  forming  .1  ratio  of  iS.jg  per  crni.  of  Ihe  whole  mimhcr.  In  Kronlein't 
scries  of  400.  109  oTcnnnl.  or  37.3  pel  Lent.  The  dinlocatiuii  therefore  >tand»  »rcand  in 
order  of  relaiive  frt<]utnci,- 

Causation  and  Classification.— En  no  oihci  joim  i»  the  inflaencr  of  sex  ai>d  age  10 

Iniimatrlv  ronrverifd  with  the  rnnrum^nce  of  di^loc(ltiDn  »■-  in  the  elbow.  Thos,  tn  our 
lab  I  e  of  23]  di^Waliiins,  1S6  w^Te  in  mnlcs,  >iiH  only  j;<>  in  female*  ;  in  6  the  age  was 
nniiatcd,  Iml  of  (he  ri-iiinin<1fr,  54  nivumi^l  betwiTn  ihr  a|;cii  of  live  and  ten,  112  beiarcm 
the  ngcs  <A  ten  and  twenty.  Jcavjnij  only  50  to  be  distrihutcd  in  steadily  incTTatint;  itifre- 
[{urncy  o»rr  ihc  reniainitLg  deLutlrt. 

In  children  ihe  thallowness  of  itie  cavitie*  of  reception  and  the  correspotkding  want  of 
|in>niineiicc  of  Ihe  procoscx  allow  disLocalion  to  occur  more  readily  ( Bardcnhcuer).  Af^ii^l 
(he  mode  nf  development  of  the  lower  humeraL  epiphysis  predbpoke*  10  <liilt>catii>n  by  offcM 
inji  hUccUL  oppoitui]ities  fur  epiphvM.'ul  scpaintiun,  the  cenlcn  of  (iwh<.-)iiiun  btinjj  inuliiple.] 
ConiSdering  ihe  frci|iict](ry  with  which  m- pa  rat  ion  of  one  of  the  condyles  occiirv  with  diiloca-j 
lion,  Uiis  is  a  point  of  much  ijiiportance.  It  ntuAt.  huwevei.  be  iHirne  in  mind  tliiU  »cpai^1 
lion  of  ihe  lower  rpi|>ltyuii,  as  a  wbolc,  oflrii  save*  ihe  elljow-jnini  from  injury. 

The  great  inajority  of  the  dislocations  arc  due  to  indirect  violence, 
and  result  from  falls  on  the  extended  pronatcd  hand  spread  out  to  save 
the  trunk  from  sudden  impact  with  the  ground.  With  a  fully  cxlendt 
forearm  the  elbow-joint  usually  escapees  injury ;  but  if  a  slight  dcgrecf 
of  fiL-xion  exists,  dislocation  often  occurs,  anti  most  frcciuenlly  in  a 
backward  direction.  Ihe  latter  may  be  further  inlluenced  by  abduc- 
tion and  rotation  of  the  arm  due  10  the  continuinj^  itiovement  of  the 
trunk  cither  forward  or  backward  as  it  travels  to  the  ground,  whilej 
the  hand  remains  a  fixed  point.  More  rarely,  violent  abduction  or 
adduction  gives  rise  to  nipuiit*  of  the  c;.\:ternal  or  intcntal  lateral  liga- 
ments, or  to  separation  of  the  corresponding  e])icondyk-s,  with  conse- 
quent displacement  of  the  bones  tif  the  ft>rcarni  in  the  opposite  direc- 
tion to  the  lateral  rupture.  Again,  di.slocation  may  result  from  hyijcr- 
extcnsion  or  forcible  rot;ition,  the  latter  especially  in  machinery  acd- 
dents.  Direct  violence  applied  to  the  olecranon  process  or  to  the 
inner  side  of  the  llexed  forearm  may  give  rise  to  displacement  foru*ard 
or  outward  respectively. 

The  bones  of  the  forearm  may  pass  in  either  of  the  four  angular 
directions — backward,  forward,  tmtward,  or  inward.  Of  these,  back- 
ward is  by  far  the  most  common.  The  rarity  of  the  inward  displace- 
ments i.s  readily  explained  by  the  great  prominence  of  the  inner  e<^ 
of  Che  trochlear  groove  and  the  projection  of  the  inner  cpicondyle. 
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Except  in  the  case  of  the  backward  variety,  complete  dislocation  of  the 
bones  is  rare.  Of  our  222  cases,  the  direction  is  reported  as  follows: 
Backward.  109;  back  and  out,  52  ;  outward,  iB;  back  and  in,  6;  diver- 

j^ent,  6;  forward,  1  ;  double  i. 

Pathology. — Tbe  injuiy  to  Uie  booM  uid  soft  parts  is  briefly  as  follows  in  tlie  dilTcrcni 
varictieo : 

HnfJkwani  Dii/txafipn. — The  coronuid  p<rocc»  rcsU  in  the  olecranon  fbsH,  tlie  nilial 
head  liehind  the  rii|)ilclliiin.  llic  iiilenial  eincHJidylc  nwy  l>p  scjinnHcil,  «ir  nunr  tardy  Ihe 
I'OTiinoid  process  rrnclured,  'I'hr  anicriii>r  [mtI  nf  thr  citpmlc  is  comjilclrly  loni.  ulwi  the 
antcriui  pan*  of  lUc  lateral  lignincnU,  r^immlly  (he  iiuii-r.  Ttic  orliiculiir  IrRampm  is 
unhurt,  aod  the  poMerior  part  of  l\\c  cupmlr  often  (^scapei;  injuty  also,  while  the  antfrmr  tc>rn 
(Hirtiim  may  be  intcqHixccI  between  the  di-|.iln<:eil  Iwrcv  0(  the  muMlcs,  the  brachialis  anlj- 
cus  suflen  in<»l.  This  is  tense,  and  often  i*  severely  laccnilc<l.  The  biceps  is  less  len»c. 
The  brachial  anery  \i  co[D|>re>M<].  I'hc  median  and  miiKalo»piral  nerves  arc  iflretched. 
The  ulnar  usoaUv  ucapes  injur)',  prolaabLy  a&  Ihe  result  of  lateral  dihfi'lat-einent.  The  %kin 
(>l  ihf  crea*r  of  the  elbnw  Hnnurlimex  gives  way  whtn  the  accident  reHuIt^  hom  furcible 
by|»«exlenwun.  'I"he  di splat enicnl  is  otcasionally  less  tuinplele,  when  the  euninni^l  jtroce^s 
re:tf>  againtt  the  Imchlen  m«tni<l  of  occupying  [he  olecranon  fnwi. 

/•'eru-itrJ  Diiiixatiim. — Tbe  ctid  of  llie  (rU-crauoii  re^la  on  llie  front  uf  tlie  UtN;hlca,  and, 
contrary  to  the  opinion  at  one  time  held,  i>-  rarely  fractured  and  left  behind.  The  rent  in 
ihf  capsule  in  i-ery  csleiwive.  t>oth  anterior  and  posterior  aspects  being  much  torn.  The 
internal  lateral  lineament  is  much  damaKetl,  ihc  eitemnl  le<ks  m).  Fracture  of  one  of  Ihe 
ploceucs  of  the  ulna  or  one  of  ihc  epiwndyle*  1*  iMininon. 

i.ititraJ  Dulivaliimi. — The  injury  in  these  ca^c*  rcMrinbles  that  dexribed  for  the  nther 
varieties  with  the  difference  thnt  the  corrt;»ponding  lateral  ligamenl  suffers  more  completely. 
In  the  tiMtcT  varieiy  there  is  oficn  much  injury  to  bony  processes,  and  the  ulnar  nerve,  or  lew 
oficn  the  [X)Stcrti't  initrot*Mni>.  nerve,  i<  stretched  or  torn.  The  si^nuid  cavity  rarely  passes 
Ijeywnd  the  cjipitelium. 

Dh^rrgtHt  DiiiiHation. — In  ihi*  vmirty  the  nrtimlar  end  of  the  ulna  fM^teA  l^-ackward, 
aud  usually  i»  a  little  rulnled  inward.  The  head  of  the  radium  lies  in  hunt  of  the  huiiienia 
also,  somewhat  internal  to  \\s  pmpcr  [xxilinn,  as  well  an  too  high.  The  main  feature  tn  the 
injur}'  to  ibc  soft  part»  i»  tbe  cumplcle  rupture  r>f  nil  the  tignmeniK,  including  even  the  orbicu- 
lar. In  Pitha'it  ra*e  the  coronoid  prix-ess  was  wjiaiaied,  and  thir  bntchinlis  and  biceps  were 
torn  fnim  iheir  jtiscnions. 

The  frequency  of  ni  existinf*  fracture  has  no  duubl  been  much  utidemiled.  In  the  Si. 
Thomas's  M-iic*  30  frirturcK  are  noted  thu« :  Inleroal  comlylr,  iX ,  etternal  condyle,  3: 
coiiinuid  proccw-s,  j ;  ulecranon,  I  ;  separation  of  lower  humcrni  epipluiis  I  :  fracture  of 
radius.  I  ;  fracture  of  ulna,  l  ;  fmcture  of  both  radiu.i  and  nine,  2.  Thev  amfiuni  to  30, 
ur  tS  per  cent,  of  the  whole  iiuiut>ct ;  but  in  all  probability  many  ca»c»  were  overlookciL 

Symptoms. — In  bacfavard  dislocation  the  elbow  is  slightly  flexed, 
usually  forming  an  angle  of  1 35  degrees.     The  flexion  is  accompanied 


Fir.  309. — Backward  and  outward  dislocallon  from  behind  (St.  Thontoi't  Museum,  t^oodoR). 

by  some  abduction  in  the  majority  of  cases,  due  to  the  fact  that  the 
ilisplacement  is  in  part  the  result  of  forced  abduction,  and  hence  not 
directly  backward.  Tension  of  the  pronator  teres  al.so  commonly  ])ro- 
duccs  some  pronation ;  but  the  forearm  may  be  .supine.     The  long 
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axes  of  the  arm  and  forearm  cross  each  other ;  the  forearm  is  short- 
ened, while  the  diameter  of  the  arm  above  the  elbow  is  increased.  The 
elbow-crcasc  is  pushed  down  and  prominent,  the  olecranon  and  internal 
epicondyles  are  prominent,  and  the  tense  triceps  is  sometimes  visible 
stretching  up  from  the  former  process.  On  palpation  the  olecranon  is 
prominent  and  projects  behind  and  above  the  internal  epicondyle.  The 
cup-shaped  radial  head  may  be  felt  posteriorly,  and  it  is  absent  from  its 
normal  position  beneath  the  external  epicondyle.  If  the  swelling  is 
not  great,  the  articular  surface  of  the  humerus  may  be  traced  in  the 
bulging  elbow-crease.  On  manipulation  all  movements  are  painful, 
and  are  made  in  an  abnormal  a.xis.  Pronation  and  supination  and 
flexion  to  a  right  angle  may  be  made ;  but  practically  no  extension  is 
possible.     Abnormal  lateral  mobility  may  exist. 

Fortvard  Dislocation. — This  displacement  is  ver>'  rare,  and  its  occur- 
rence without  coexisting  fracture  of  the  olecranon  has  been  doubted. 
In  point  of  fact,  however,  the  latter  complication  has  been  still  more 
rarely  recorded.  On  inspection  the  forearm  is  usually  found  flexed  to 
an  acute  angle,  but  it  has  been  seen  extended.  The  actual  length  of 
the  arm  is  decreased,  and  the  vertical  diameter  of  the  forearm  increased. 
The  epicondyles  are  prominent.  In  the  absence  of  the  olecranon,  the 
outline  of  the  posterior  surface  of  the  humerus  may  be  traced  on  pal- 
pation. Anteriorly,  the  coronoid  process,  and  even  the  sigmoid  cavity, 
may  be  felt.  On  manipulation,  the  forearm  may  be  somewhat  extended, 
but  the  amount  of  flexion  existing  cannot  be  increased. 

Outicarti  Dislocation. — The  forearm  is  slightly  flexed,  the  radius 
usually  strongly  pronated,  as  the  head  generally  fails  to  maintain  its 
outward  position  and  passes  forward.  In  the  exceptional  instances  in 
which  the  radius  projects  outward,  the  forearm  may  be  supine.  The 
whole  joint  is  broadened,  and  if  the  radius  is  much  rotated,  the  vertical 
diameter  of  the  forearm  is  increased  also.  When  the  limb  hangs  by 
the  side,  the  forearm  is  seen  to  be  mnrkedlv  abducted.  The  inter- 
nal epicondyle  is  \cx\  prominent.  If.  as  is  commonly  the  case,  the 
outward  displacement  is  combined  with  a  backward  one,  the  olecranon 
and  tlic  triceps  tendon  are  prominent,  and  also  abnormally  wideh^ 
sejxir.ited  from  the  intenial  epicond_\le. 

On  j^wl[\ition  the  signs  will  difter  with  the  degree  of  external  dis- 
pKiccnieiU  and  as  to  whether  it  is  combined  with  a  backward  one.  In 
the  pure  outward  cases  the  sigmoid  ca\"ity  usually  embraces  the  capi- 
telluni.  The  radial  head  is  then  to  be  felt  a  little  anterior  and  external 
to  the  outer  epicondyle.  while  internally  and  behind,  the  internal  epi- 
condyle and  olecr.inon  fossa  may  be  traced,  .md  the  point  of  the  olec- 
rano:i  i<  removed  ixoxw  its  normal  proximitx^  and  relation  to  the 
tORiier  T'ne  biceps  tendon  is  displaced  inwarii.  and  is  tense  and 
prvi:ii::;ep.t.  It  the  inner  condyle  sho',:!d  ha\e  bcx-n  set>arated.  it  mav 
lie  i:i  eitl'.er  ti'^e  v^'-ecranon  or  coronoid  t'ossa.  .i::d  the  tri-vhlea  will  take 
its  :v.ice  as  the  n^v^st  internal  '.andnur'-;  On  nMnipii'-ition  rigiditA"  of 
the  n.\e.:  •/■:".t  :<  .i  n^irkcd  le.it-.-.re  Ti'.ere  ni.iv  "v  synrxonis  p^Mnt- 
inc  tv'  :n  ;:r\  :,^  :he  .:!-'.ir  ner\c.  \\  inch  ;>  :\— hcuhirS  ex:v»sed  to  oress- 
nre.  <tri:jh:"C-  ■'■'  !ajer,it:v>n  in  .1  c:-:\.wcn;.  •:    ^""  th:-;  \^\r:e:\\ 

'':<'■:::•:   /v:.,:-:' — The   tlbo.x    is    -l^^ht'y    n^xeii    .md   markedly 
pr-nMi^n       As  the    !:n:h  h.in's  b\- the    s:v-e,  .u:,:::^t:    n   is  sntncient  to 
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reverse  the  normal  angle  of  the  elbow,  the  angle  bcinp  salient  outward, 
and  the  external  epicondyle  prominent.  Un  palpation  the  olecninon 
rests  beneath  the  internal  epicondyle  and  obscures  it ;  the  outer  epicon- 
dyle is  prominent,  am!  the  capitulhini  is  to  be  fcU.  The  Iiead  of  the  radius 
must  be  searched  for  anterior  to  the  trochlea.  The  distance  between  the 
olecranon  and  the  e.\Icrnal  c]>icondyle  is  much  increased  ;  the  latter  may 
be  separated.  Complete  dislocation  of  the  bones  inward  docs  not  occur, 
but  inward  displacement  may  be  combined  with  a  backward  one. 

Dit-ergcHt  DisUKaiioH  (Ulna  Backward ;  Radius  Forward), — The 
forearm  is  slightly  flexed,  and  rests  nudway  between  jironation  and 
.supination.  The  elbow-crea.sc  is  obliterated,  and  filled  by  a  promi- 
nence due  to  the  position  of  the  head  of  the  radius.  The  vertical 
diameter  of  the  forearm  is  increased,  the  lateral  not.  The  whole  limb 
is  shortened ;  but  upon  measurement  the  individual  segments  are  found 
to  be  of  normal  length.  The  shortening  may  amount  to  from  I  to  3 
mches.  On  palpjttion  the  condyles  are  abnormally  proniincnl.  and 
parts  of  the  articular  end  i>{  the  humerus  may  be  felt  on  each  .lide. 
The  olecranon  is  above  its  normal  level,  hut  often  approximated  to 
the  inner  condyle.  On  manipulation,  the  limb  is  very  rigid,  any  flexion 
particularly  being  opposed  by  the  head  of  the  radius.  Less  pronation 
and  supination  arc  possible  than  in  any  other  variety. 

Oiajcnosis  of  Dislocations  of  the  Elbow. — A  determination  of  the 
particular    variety    of    disloaition    can    Ik-    made   only    by    a    careful 


FiG.  jiOl— Backward  dtsiocaikin  oT  radtnc  ani)  nina  (ikiasrsph  bv  Sunlry  F  Kcni  and 

Edwin  Uliitfl) 

consideration  of  the  distinctive  features  of  each  as  above  detailed; 
but  it  must  be  borne  in  mind  that  the  various  signs  on  insjicction 
anil  palp;ition  are  often  nuich  obscured  by  surrounding  swelling 
of  the  soft  parts,  especially  when  the  displacement  is  the  result  of 
direct  violence.  The  most  important  point  is  the  careful  comparison 
of  the  relation  of  the  bony  prominences  around  the  articulation, 
both  on  the  sound  and  on  the  injured  side.  The  special  difficulty 
in  these  dislocations  arises  from  their  frequent  association  with  fract- 
ures, especially  of  the  epicondyles  of  the  humerus.  The  presence 
of  a  fracture  is  evidenced  by  the  ordinary  signs  of  abnormal  mobility 
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axes  of  the  arm  and  forearm  cross  cacEi  other ;  the  forearm  is  short- 
ened, while  ihc  *li;iinclcr  of  ihe  ami  abovL-  tlie  elbow  is  increased.  The 
elbow-crease  is  pushetl  down  and  |iriimii)ent,  the  olecranon  and  internal 
epicniulyles  are  proniirieiit,  and  the  tense  triceps  is  sometimes  visible 
stretching  up  from  the  former  process.  On  palpation  the  olecranon  is 
prominuntand  projects  behind  and  above  the  internal  cpicondylc.  The 
cup-shaped  radial  head  may  be  fell  posteriorly,  and  it  is  absent  from  its 
normal  position  beneath  the  external  epicondyle.  If  the  swelling  is 
not  ^reat,  the  articular  surface  of  the  humerus  may  Ix:  traced  in  the 
bulging  elbow-crease.  On  manipulation  all  movements  are  painful, 
anil  are  made  in  an  abnormal  a.xis.  Fronalion  and  .<;upination  and 
flexion  to  a  right  angle  may  be  made;  but  practically  no  extension  is 
possible.     Abnormal  lateral  mobility  may  exist. 

Fifticard  Disiocatum. — This  displacement  is  \  erj'  rare,  and  its  occur- 
rence u'ilhoul  coexisting  fracture  of  the  olecranon  lias  been  dfiiibted. 
In  point  of  fact,  however,  the  latter  complication  has  been  still  more 
rarely  recorded.  On  inspection  the  forearm  is  usually  found  flexed  to 
an  acute  angle,  but  it  has  been  scon  extended.  'I'hc  actual  length  of 
the  arm  is  decreased,  and  the  vertical  diameter  of  the  forcarnt  increased 
The  epicondyles  are  prominent.  In  the  absence  of  the  olecranon,  the 
outline  of  the  posterior  surface  of  the  humerus  may  be  traced  on  pal- 
jwtion.  Anteriorly,  the  coronoid  process,  and  even  the  sigmoid  cavity, 
may  he  felt.  On  manipulation,  the  forearm  may  be  somewhat  extended, 
but  the  amount  of  flexion  existing  cannot  he  increased. 

Otitzvnrd  Jhsioitilton. — The  forearm  is  slightly  flexed,  the  radius 
usually  strongly  pronaled,  as  the  head  gcnenilly  fails  to  maintain  its 
outward  position  and  passes  fonvard.  In  the  exceptional  instances  in 
which  the  radius  projects  outward,  the  forearm  may  be  supine.  The 
whole  joint  is  broadened,  and  if  the  radius  is  much  rotated,  the  \'erticat 
diameter  of  the  forearm  is  increaseil  also.  When  the  limb  hangs  by 
the  side,  the  forearm  is  seen  to  be  markedly  abducted.  The  inter- 
nal epicondyle  is  ver>'  prominent.  If,  as  is  commonly  the  case,  the 
outward  displacement  is  combined  with  a  backward  one,  the  olecranon 
and  the  triceps  tendon  are  prominent,  and  also  abnormally  widely 
separated  from  the  intemal  epicondyle. 

On  palpation  the  sign.s  will  differ  with  the  degree  of  external  dis- 
placement and  as  to  whether  it  is  conibincd  with  a  backward  one.  In 
the  pure  outward  ca.se.s  the  sigmoid  ca^i'it)'  usually  embraces  the  capi- 
tellum.  The  radial  head  is  then  to  be  felt  a  little  anterior  and  external 
to  the  outer  epicondyle.  while  internally  and  behind,  the  internal  epi- 
condyle and  olecranon  fossa  may  be  traced,  and  the  point  of  the  olec- 
ranon is  removed  from  its  normal  proximity  and  relation  to  the 
former.  The  biceps  tendon  is  displaced  inward,  and  is  tense  and 
prnmincnt.  If  the  inner  condyle  should  have  been  separated,  it  may 
lie  in  cither  the  olecranon  or  cororoid  fo.ssa,  and  the  trochlea  will  take 
its  place  as  the  most  internal  landmark.  On  manipulation  rigidity  of 
the  flexed  joint  is  a  marked  feature.  There  may  be  sjTnptoms  point- 
ing to  injur)'  to  the  ulnar  ncr\e.  which  is  particularly  exposed  to  press- 
ure, stretching,  or  laceration  in  a  displacement  of  this  variet>'. 

DisltKation  Imvani. — The  elbow  is  slightly  flexed  and  markedly 
prorated,     .As  the  limb  hang.s  by  the  side,  adduction  is  suflficient  to 
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reverse  the  normal  anylc  of  tlie  elbow,  tlic  an^lc  being  salient  outward, 
and  the  external  epicondyle  prominent.  On  palpalion  the  olecranon 
rests  beneath  the  internal  epicondyle  and  obscures  it ;  the  outer  epicon- 
dyle  is  prominent,  anti  the  capltellum  is  to  be  felt.  The  head  of  the  radius 
must  be  searched  for  anterior  to  tlie  trochlea.  The  distance  between  the 
olecranon  and  the  external  epicondyle  is  much  increased  ;  the  latter  may 
be  separated.  Complete  disiucalion  of  the  bones  inward  does  not  occur, 
but  inward  displacement  may  be  combined  with  a  backward  one. 

Divergent  Disloetttwn  (Ulna  Hackward ;  Radius  Forward) — The 
forearm  Es  slightly  flexed,  and  rests  midway  between  pronation  and 
supination.  The  elbow-crease  is  obliterated,  and  filled  by  a  promi- 
nence due  to  the  position  of  the  head  of  the  radius.  The  vertical 
diameter  of  the  forearm  is  increased,  the  lateral  not.  The  whole  limb 
i.s  shortened  ;  but  upon  measurement  the  indi\'idual  .•ief^ments  are  found 
to  be  of  normal  lenyth.  The  shortening  may  amount  to  from  i  to  3 
inche.s.  On  palpation  the  condyles  are  abnormally  prominent,  and 
parts  of  the  articular  end  of  the  humerus  may  he  felt  on  each  side. 
The  olecranon  is  above  its  noimal  ]e\'el,  but  often  approximated  to 
the  inner  condyle.  On  manipulation,  the  limb  is  verj'  rigid,  any  tlexion 
particularly  beiu}^  opposed  by  the  head  of  the  radius.  Less  pronation 
and  supination  are  jjiissible  than  in  .^ny  other  variety. 

Diaj^nosis  of  Dislocations  of  the  Elbow. — A  determination  of  the 
particular     variety    of    dislocation    can    be    made    only    by    a    careful 


Fia  31&— Backurnrd  dUlocxtion  at  radlui  and  ulon  iMtiagmph  b}-  SUnti7  F.  K«ni  and 

FxIwiB  WhtW). 

consideration  of  the  distinctive  features  of  each  as  above  detailed; 
but  it  must  be  borne  in  mind  that  the  various  signs  on  inspection 
and  palpation  are  often  much  obscured  by  surrounding  .swelling 
of  (he  soft  |>arts,  especially  when  the  displacement  is  the  result  of 
direct  violence.  The  most  important  point  is  the  careful  comparison 
of  the  relation  of  the  bony  prominences  around  the  articulation. 
both  on  the  sound  and  on  the  injured  side.  The  special  difficulty 
in  these  dislocations  arises  from  their  frequent  association  with  fract- 
ures, especially  of  the  epicondyles  of  the  humerus.  The  presence 
of  a  fracture  is  evidenced  b>*  the  ordinar>'  signs  of  abnormal  mobility 
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^-crepitus  and  fixed  local  pain ;  but  these  signs  may  coexist  with  evi- 
dent signs  of  dislocation,  such  as  interfertrcc  with  the  general  mobility 
of  the  joint,  and  a  general  disturbance  of  the  normal  relationship  of 
the  bony  landmarks. 

One  of  the  most  cuintnor  sonn-es  of  cnnfmion  is  a  septration  of  Uie  combined  law«r 
cpiphyiiBof  [h«  humerus.  To  dbtini^iiirti  this  from  a  poMcrlor  dulocalioa  of  the  radius 
and  ulna,  it  mJficcs  to  keep  the  followiog  points  in  mint) :  (a)  The  relative  iM^tion  <A  the 
olccrnnnn  and  condyles  is  uncliaiiKed  ;  <^)  thf'  arm  i<  shtirlcnrd  ;  (<  )  movctnetit  cau>«s 
much  puin,  is  abooniiBllj'  free,  i!>  accoinpaoicd  by  creuitu«;  aud  (V^  rtnltution  of  the 
deformity  is  followrer!  by  recurrence  when  tmction  is  rlisconiiuued.  Again,  the  nnlcrior 
pr<iniitieiu-e  in  ihe  oihc  of  fracture  is  above  the  level  of  the  el Imiw -crease,  oind  is  verr 
tCMik-r  on  prfcivirr.  1  JMly,  it  is  iinjK>rlniit  to  <leciilr  in  wvme  InMancr*  whether  a  disloca- 
tion is  a  recent  or  an  old  one  A  careful  alicDtJon  to  llie  history  is  tiete  of  the  6rU  impor- 
tance. The  elbow  n  Ihc  jcinf.  huwi-vcr.  in  which  Ihe  cmphiyineW  of  the  A'-rays  is  espe- 
cially likely  icj  be  of  decided  utility  (Kig.  ^10). 

Prognosis. — Wjih  regartl  to  the  questian  of  immediate  reduction, 
the  progrio*iis  in  dislocation  of  the  elbow  may  be  said  to  be  csiiecially 
good,  ali  forms  giving  little  trouble.  As  the  complete  outward  and  the 
divergent  forms  arc  accompanied  by  extensive  rupture  of  the  ligaments, 
they  arc  the  most  likely  to  leave  a  certain  want  of  sccurit>'  bcliind 
them.     The  most  important  factor  in  the  prognosis  is  the  coexistence 

of  fracture,  which  often  k-ads  to 
deformity,  limitation  of  move- 
ment, or  even  complete  anky- 
losis, as  the  result  of  inexact 
healing  of  the  fragments  or  the 
formation  of  su|>erabundant  cal* 
lus.  A^aiii,  the  inclusion  of 
either  the  ulnar,  posterior  inter- 
osseous, or  rarely  the  median 
nerve  in  such  callus  may  lead 
to  a  bad  functional  result. 

Treatment- — The  best  gen- 
^  ^  eral  method  of  reduction  is  that 
of  Cooper.  The  patient  and 
surgeon  place  themselves  in  the 
position  indicated  in  Fig.  311. 
In  the  posterior  dislocations 
both  hands  may  be  applied  to 
tlje  forearm  for  purposes  of  trac- 
tion:  when  lateral  deviations 
exist,  the  second  hand  or  tl»e 
hands  of  an  iissistant  may  be 
nccessar>'  to  make  direct  press- 
ure on  the  lateral  aspects  of  the 
joint.  The  knee  is  so  placed  m 
the  flexure  of  the  elbow  as  to 
support  the  humerus  and  at  the 
,,    ,  ,  J  same  time  to  press  firmly  against 

the  forearm  to  disengage  the 
coronoid  process.  Traction  followed  by  flexion  is  then  made  in  the 
axis  of  the  forearm,  and  the  bones  usually  slip  into  position  with  a 
sensation  of  false  crepitation  or  a  disthict   snap. 


FlO.  311,— Reduction  ol 
elbow  by  Coopci  : 


of  th« 
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In  posterior  displacements,  if  difficulty  occurs,  the  joint  may  be 
hypcrextendcd  so  as  to  disengage  the  coronoid  process  and  dilate  the 
rent  in  the  capsule.     The  elbow  is  then  flexed  under  traction. 

Forward  displacement  is  best  treated  by  Cooper's  method,  firm 
pressure  being  made  with  the  knee  ajjainst  the  forearm ;  or  the  elbow 
may  be  flexed  by  an  assistant,  who  with  one  hand  makes  traction  in 
such  a  direction  at  the  upj>cr  end  of  the  forearm  as  to  disengage  the 
olecranon  from  the  front  of  the  humerus,  while  with  the  second  hand 
the  patient's  hand  is  approximated  to  the  shoulder.  The  surgeon 
meanwhile  first  fixes  the  humerus,  and  then  attempts  to  guide  its 
progress  forward. 

In  the  lateral  deviations  reduction  is  often  facilitated  by  adducting 
the  arm  in  inward  displacements,  or  abducting  it  in  outward  ones 
— /.  €.,  by  repeating  the  movement  which  has  originally  given  rise  to 
the  dislocation,  and  thus  dilating  the  lateral  rent  in  the  capsule. 

In  the  divergent  variety  traction  in  the  axis  of  the  displaced  bones, 
followed  by  flexion  and  supination  for  the  reduction  of  the  radius,  is 
the  most  reasonable  method,  or  the  two  bones  may  be  reduced  indi- 
vidually. 

After  reduction  the  flexed  elbow  should  be  put  up  in  a  plaster-of- 
Paris  bandage  or  on  an  angular  splint,  and  kept  at  rest  for  at  least 
two  weeks.  The  splint  should  then  be  removed  for  exercise  and 
massage,  and  may  be  replaced  by  a  lighter  and  easily  movable  appli- 
ance. When  the  dislocation  is  accompanied  by  fracture,  especial  care 
is  nccessar)'  to  prevent  ankylosis;  and  here  the  general  rule  to  be 
obser\'ed  in  fractured  condyles  is  applied — namely,  to  commence  move- 
ment cautiously  as  soon  as  sufficient  callus  has  been  formed  to  unite 
the  fragments. 

Ohr  Dishcatiotis, — Attempts  should  be  made  to  reduce  these  at 
any  rate  up  to  the  end  of  six  months,  although  reduction  is  always 
extremely  difficult  after  the  lap^e  of  six  weeks. 

The  diflictilty  in  uncomplicated  cases  depends  on  the  extremely 
complex  surface  offered  by  the  bones  of  the  articulation  ;  and  naturally 
those  cases  arc  the  most  difficult  and  unpromising  in  which  the  proper 
conformation  has  been  distorted  by  fracture  of  one  or  more  of  the 
prncewes.  Subcutanc-ous  tcnotomx'  and  division  of  bands  are  prac- 
tic'dly  useless,  but  (i[)cn  incision  and  the  removal  of  large  masses  of 
callus  or  badly  united  fragments  niaj'  greatly  improve  the  functional 
capacity.  In  other  cases,  especially  where  there  is  deformity,  a  partial 
excision  is  indicated.  The  triceps  should  be  separated  with  the  olec- 
ranon and  both  turned  up:  and  the  radio-ulnar  joint  should  always 
be  spared  if  possible.  The  olecranon  should  be  subsequently  wired. 
Removal  of  bone,  especially  of  the  humerus,  needs  to  be  verj-  free  in 
cases  of  abundant  callus-formation. 

CmnpouHti  Dislocation. — When  the  wound  is  small  or  a  mere  punct- 
ure by  the  bone,  pure  conservatism  and  asepticitv*  arc  indicated.  If 
severe  and  contused,  a  partial  excision  with  the  view  of  providing 
efficient  drainage  may  give  a  better  chance  of  a  movable  joint.  Am- 
putation is  indicated  only  in  advanced  age,  general  constitutional 
defects,  or  e.^trcme  local  destruction. 

iBolflted  Dislocation  of  the  TTlna. — ICither  extremity  of  the 
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ulna  may  be  dislocated.  These  accidents  arc.  linwcver.  very  rare,  and. 
as  would  be  expected,  especially  tliat  aPTcctitig  the  upjjcr  end.  A  large 
proportion  of  the  cases  are,  no  doubt,  really  incomplete  dislocations 
of  the  elbow. 

Upper  Extremity. — ^The  displacement  of  the  ulna  is  necessarily 
backward,  or  backward  and  somewhat  inward;  and  for  its  production 
violence  must  be  exerted  directly  on  the  upper  part  of  the  shaft  from 
before.  To  allow  the  dislucntioii,  the  inteniiil  lateral  and  the  inner 
part  of  the  posterior  or  anterior  and  posterior  ligaments  of  the  elbow 
must  be  torn.  If  the  displacement  is  at  all  great,  the  orbicular  liga- 
ment also  mu.st  be  detached,  or  the  external  lateral  ligament  must  be 
torn  or  set  free  by  fracture  of  the  external  epicotidyle. 

Sjmiftoms.- — The  forearm  is  either  slightly  flexed  or  extended — 
adducted — at  least  to  a  degree  destroying  the  normal  saliciic>-  of  the 
inward  angle  of  the  junction  of  the  arm  and  forearm,  and  very  markedly 
pronatcd  to  allow  of  as  great  approximation  as  possible  of  the  carpus 
to  the  trochlea.  The  inner  margin  of  the  forearm  is  shortened  and 
thickened.  The  olecranon  is  prominent,  and  stretching  up  from  it  Is 
the  tense  triceps  tendon.  On  palpation  the  olecranon  is  found  to  be 
higlicr  than  normal,  often  approximated  to  the  internal  condyle  later- 
ally. The  inner  condyle  is  obscured  by  the  atlduction  of  the  forearm  ; 
the  ejcternal  is  prominent,  and  the  head  of  the  radius  is  felt  below  it 
It  may  be  pos.sibte  to  feel  the  uncovered  trochlea  In  the  elbow-crease. 

Treatment, — The  displacement  may  be  reduced  in  the  manner 
already  described  in  the  case  of  the  elbow,  traction  and  extension 
being  combined  iWth  abduction  of  the  forearm.  The  after-treatment  is 
identical. 

Lower  Bxtremity — This  dislocation  is  commonly  combined  uith 
fracture  of  the  radius,  but  it  also«occurs  as  an  uncomplicated  condition. 
The  ulna  may  be  displaced  on  to  cither  the  dorsal  or  the  palmar  asi»ect  of 
the  radius.  Tlie  dislocation  is  usually  the  result  of  direct  force  exerted 
on  the  ulna,  the  radius  being  fixed  and  the  hand  extended.  Dorsal 
displacement  may  also  he  produced  by  forced  jjronation  of  the  flexed 
wrist — palmar  by  forced  supination,  the  wrist  being  extenik-d.  The 
triangular  fibrocartilage  is  separated;  the  anterior  and  posterior  inferior 
radto-ulnar  and  tiie  internal  lateral  ligaments  of  the  wrist  are  lorn. 

Symptoms. — In  dorsal  displacement  the  hand  is  moderately  adducted. 
and  about  midway  between  pronation  and  supination,  occasionally 
inclining  to  one  or  other  of  the  latter  positions.  The  width  of  the 
wrist  is  decreased,  while  tlie  thickness  is  increased.  es|>ectally  at  the 
ulnar  side.  The  axis  of  the  ulna,  if  prolonged,  would  be  continued  to 
the  middle  finger.  ()ii  palpation  the  styloid  process  is  absent  from  its 
position ;  the  head  of  the  ulna  may  lie  on  the  radius  or  even  on  the 
semilunar  bone.  On  manipulation,  supination  is  impossible,  and  flexion 
and  extension  are  verj-  painful. 

In  palmar  dislocation  the  haiul  is  either  strongly  siipinated  or  in  the 
mid-[>osillon  between  pronation  and  supination.  On  p;dpation  the 
head  is  felt  anteriorly,  and  there  is  a  hollow  posteriorly  over  the  cunei- 
form bone.     Kither  of  ihe.se  dislocations  may  be  compound. 

Tn-atmtut. — To  reduce  the  dislocation  the  radius  must  be  fi.xcd 
between  one  finger  and  thumb,  and  direct  pressure  made  with  the 
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other  thumb  on  the  head  of  the  ulna  ;  then,  in  the  case  of  the  dorsal 
disphiccmcnt,  the  hand  should  be  supiniUcd ;  in  the  jKihnar.  pronatcd. 
The  hnib  should  be  fixed  on  a  sphnt  in  the  supine  position  if  the  dis- 
location has  been  dorsal,  or  the  reverse  If  palmar.  The  lower  end  of 
the  ulna  is  occasionally  rendered  abnormally  mobile  by  a  similar  acci- 
dent to  that  producing  a  Colics  fracture,  but  without  any  antero- 
posterior shiftinp. 

Isolated  Dislocation  of  the  Radios.— -The  isolated  displace- 
ment ()f  the  iiead  of  the  radius  is  far  moru-  easy  to  comprehend  than 
that  of  the  ulna,  still  the  majority  of  instJinces  arc  properly  regarded  as 
incomplete  dislocations  of  the  ulbow. 

Frequency  of  Occurrence. — In  tlicSt.  Thomas's  series  of  1207  dis- 
loaitions  of  all  joints,  49  of  tiie  radiohumeral  occurred,  or  a  ratio  of 
4.05  per  cent.  In  Kronlein's  series  of  400,  15  occurred,  or  i.jj  per 
cent 

Causation. — The  anterior  and  posterior  displacements  may  both  be 
occasioned  by  direct  violence  applied  to  the  aspect  of  the  forearm 
opposite  that  on  which  the  head  escapes,  or,  tn  the  case  of  the  pos- 
terior dislocation,  by  force  applied  to  the  back  of  the  humerus,  the 
elbow  being  in  a  position  of  flexion.  The  larger  number  of  cases, 
however,  arc  the  result  of  indirect  violence,  such  as  falls  on  the  hand 
and  traction  on  the  extended  supinatcd  forearm,  the  latter  especially 
in  children.  The  forward  dislocation  is  sometimes  due  to  muscular 
action,  as  has  been  observed  in  the  action  of  the  biceps  in  lifting  a 
heavy  weight,  or  in  forcible  movements  of  supination,  as  in  wringing 
out  clothes. 

The  head  of  the  radius  may  be  displaced  in  three  directions — viz., 
forward,  by  far  the  ino:?l  common;  backward;  or  outward,  the  least 
common. 

Symptoms. — Certain  signs  are  common  to  all  three  varieties  and 
llieir  degrees:  T.  Shortening  and  vertical  increase  of  diameter  of  the 
radial  margin  of  the  forearm  ;  2.  Abduction  of  the  forearm  ;  3.  Conse- 
quent elevation  of  the  styloid  process  of  the  radius  ;  4.  Alteration  of 
the  axis  of  the  radius;  5.  Absence  of  the  head  of  the  bone  in  its 
normal  position  beneath  the  external  contiyle ;  6.  A  certain  degree  of 
lateral  mobility  at  the  elbow. 

Foncard  disiiKatiou  may  be  complete  or  incomplete.  On  inspection 
the  elbow  is  found  one-quarter  ficxcd,  more  or  less  pronated  and 
abducted.  The  common  origin  of  the  extensor  muscles  of  the  forearm 
is  pushed  outward,  and  the  head  of  the  radius  maybe  visible,  as  well 
as  the  external  condyle,  in  spite  of  the  abduction.  The  internal  epi- 
condylc  is  abnormall)'  prominent,  the  hand  is  .dMJucted.  and  the  axis 
of  tlic  radius  strikes  the  anterior  surface  of  the  humerus  (Figs.  312 
and  313)-  On  palpation,  if  the  elbow  is  neither  fat  nor  swollen,  the 
head  of  the  radius  can  be  felt  anterior  to  the  external  condyle  of  the 
humerus,  covered  by  the  tense  biceps  tendon  and  fascia.  At  the 
bottom  of  the  hollow  in  the  normal  position  of  tiie  heail.  the  ulna,  the 
lesser  sigmoid  cavity,  and  the  under  and  jioslcrior  part  of  the  capitellum 
may  be  felt.  On  manipulation  the  elbow  can  neither  be  flexeil  nor 
extended ;  in  the  former  movement  the  head  of  the  radius  strikes 
against  the  front  of  the  humerus.     Pronation  and  supination  arc  very 


Fia.  313. — Forwnrtl  rlixtncnllnn  iif  hcntl  of  th«  nHiin,  lhri«in|;  crmsing  or  nzis  of  thr  boaes 
(skiagraph  by  A.  B   Blacker). 

sible,  and  tittle  flexion.     Pronation  and  supination  are  also  practically 
abrogated,  especially  the  latter. 

In  outiiuirii  tiisiotiidon.  the  elbow  is  moderately  flexed  and  the  fore- 
arm pronaled.  On  palputioii  the  head  is  to  be  felt  above  and  to  the 
outer  side  of  the  cxtertuil   cpiconiiylc.     On   nianipulntion,  flexion  and 
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extension  arc  painful  and  difficult,  but  less  limited  than  in  the  oilier 
varieties.  Supination  is  intirrfcred  with.  When  there  is  coexisting 
fracture  of  the  upper  third  of  the  ulna,  the  whole  forearm  is  shortened, 
and  mobility  is  naturally  greater. 

Diagnosis. — A  difierential  diagnosis  is  readily  made  by  attention 
to  the  points  above  enumerated.  It  must  be  borne  in  mind,  however, 
that  the  displacements,  both  forward  and  backward,  are  occasionally 
incomplete,  and  under  these  circumstances  the  signs,  though  of  llic 
same  nature,  are  less  strongly  marked.  In  the  forward  dislocation  the 
impos.stbiltt>''  of  complete  flexion  is  the  most  valuable  diagnostic  aid. 

Treatment. — J-omujiui  Dislocation. — The  forearm  should  be  flexed 
to  relax  the  biceps  and  pronator  radii  teres,  the  forearm  adductcd  to 
lower  the  head,  and  then  extended  and  suptnated,  firm  direct  pressure 
being  made  at  the-  same  time  on  tlie  displaced  head.  If  this  maneuver 
fail,  hyi>erextension  combined  with  adduction  and  direct  jiresstiri*  may 
be  tried.  The  limb  is  best  put  up  either  verj-  fully  flexed  in  plaster  uf 
Paris,  or  extended,  with  a  pad  o\ct  the  head  of  the  radius. 

In  postt-rior  dishcaUon,  tniction  is  made  on  the  extended  supinatcd 
forearm,  followed  by  pronation,  and  accom|>anicd  by  direct  pressure 
and  abduction.      The  limb  should  then  be  put  in  a  position  of  flexion. 

In  out-ward  dislotalion,  extension,  abductiun.  and  supination  are 
made,  with  direct  pressure  downward  and  inward.  The  limb  is  put  up 
in  a  flexed  po.sidon. 

Whim  pffbn^  fail  L»  rHuce  one  of  ibeic  diBlncatinitfl,  lh«  joint  nmy  be  opened  and  an 
attempt  at  rc|K»itiiin  madf.  Thi«  i«  often  by  no  moati*  com-,  and  then  ha*  (ailed  to 
cfTect  pcmmRcnt  ii^Lciiliun.  I-'or  this  reason  a  tcni])oiuiy  {.iiiurc  paswtl  ihraugli  the  head 
and  the  cnpilellum  and  rcuined  for  founwn  days  ha*  been  employed  wilh  succm>  by  Bar- 
dtnlifuer.  Slmulil  the  rr|]>iMlKin  of  the  h«<l  fm>ve  irnp(i*«4l)le,  il  should  be  rewcted,  but 
(treat  care  will   *till  be  needed  to  ensure  tx  movable  joiiiL 

Subluxation  of  the  Head  of  tlie  Radius.— In  early  childhood 

a  conilitinn  tti  wliieli  tlie  above  name  is  applied  residts  from  forcible 
dragging  on  tlur  fiire.iini.  often  by  the  nurse,  or  in  play.  It  is  probably 
explained  by  the  nnniial  la.vity  of  the  orbicular  ligament  in  children, 
already  referred  to.  and  to  want  of  full  develnpmcnt  of  the  head  of  the 
radius.  It  has  been  ascribed  to  a  slight  displacement  downward  of  the 
head  nf  the  radius  together  with  the  formation  of  a  fold  of  (he  ligaments, 
which  Ijeconies  inteqxised  in-tween  the  Iwick  of  the  head  and  the  capi- 
telhim.  In  conneclinn  with  this  iheory.  the  normal  ]iro]et:tion  nf  the 
synovial  and  subsynovial  tissue  as  a  ring,  resembling  an  incontplete 
meniscus,  around  the  head  of  the  radius  may  be  mentioned,  since 
swelling  of  this  segment  of  the  synovial  capsule  might  produce  an 
identical  condition.  J.  Hutchinson.  Jr..  considers  the  deformity  due  to 
the  hcatl  of  the  radius  slipping  out  of  the  grasp  of  the  orliiciilar  liga- 
ment. Fracture  of  the  neck  of  the  ntdius  has  proved  the  explanation 
of  a  corres|K>nding  def()miity  in  some  ca-ses ;  displacement  of  the  infe- 
rior radio-ulnar  fihrocartilage  also  produces  similar  signs. 

The  forearm  is  held  flexed  in  a  prone  position,  or  midway  between 
a  prone  and  supine  position.  Supination  is  very  painful.  The  signs 
may  be  removed  by  complete  su]>ination  followed  by  flexion,  under  an 
anesthetic  if  necessary.  The  forearm  should  then  be  placed  in  a  sling, 
and  massage  and  careful  exercise  employed. 
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Carpus. — The  articulation  of  the  wrist  owes  its  security  to  the  foct 
that  it  is  surrounded  by  .1  hirgt:  numbur  of  tendons,  and  that  these  in 
addition  arc  held  in  clo^  and  tirm  relationship  with  ic  by  the  so-called 
annular  ligaments. 

Anteriorly  and  (wsieriori)'  (here  it  no  Inwiy  praminence  bcj^nd  that  provtderl  \rf  lit* 
•light  oncnvily  oi  ihv  lower  i^ud  of  ilie  mdius;  and  ui  la  ih«  capsule,  the  pciiiirrior  ktpect 
»  decidedly  Ihc  weaker.  LJitersily  ibe  inHueme  of  (eMdiinx  i»  tcM  marked  ;  but  here 
bejrond  iKc  Ntmii^  laieral  ligutntiils  we  have  the  pnrjecting  Myloid  |iTuci*-vte7i.  The  articii- 
Ution  i-i  eMcnUalty  i>n<  between  the  carpus  and  radiu* ;  hence  we  find  all  the  prorisiotu  arc 
directed  to  lh<r  maLDlcnanue  uf  these-  iwu  tlrmriil^  iii  i»iKa«:t.  Iliuj,  ihr  ^lyluid  pmccu  of 
ibe  radiuft  ]>n>)ccts  lower ;  the  direction  of  the  lihert  of  bnih  thr  itnlcriiir  and  jioslerior  !%■- 
mcnts  i«  from  the  nidiu»  downward  and  uiwitnl.  In  full  dcxtun,  attd  t«|}ecially  cxteaHcni, 
the  hand  i«  drawn  to  the  radial  side,  so  ihat  ihc  fittgcr«  arc  adducted  ;  and  adduction  U  a 
free  movcmeiU  limited  by  (cniton  f>i  the  «)ft  itructnm  only,  while  aMuction  whkh  woKid 
Ihmw-  the  car^NU  agnimt  llie  simll  luwcr  end  of  ihe  uhu  ii  siricily  limited  by  the  txtny  ccni- 
tact  of  the  styloid  process  uf  the  radius  with  the  H:j^hokl  bone. 

Frequency  of  Occurrence. — Luxations  of  the  wrist  arc  extremely 
rare.  Thus,  in  the  largest  collection  of  cases  which  was  compiled  from 
general  literature  by  I'arker  in  1871,  only  33  were  included;  and  in 
Kronlcin's  statistics  we  find  only  i  example.  In  the  St.  Thomas's 
Series,  however,  dislocation  of  the  wrist  is  said  to  have  occurred  13 
times  among  1207  dislocations  of  all  joints,  a  ratio  of  1,07  per  cent 

Causation. — The  rarity  of  the  injury  is  no  doubt  accounted  for  by 
the  .shortness  of  the  lever  formed  by  the  hand,  and  the  greater  fre- 
quency of  fracture  of  the  radius.  It  in  ordinarily  the  result  of  indirect 
violence,  most  commonly  a  fall  on  the  outstretched  palm,  in  a  position 
of  full  pronation  and  extension,  which  therefore  causes  also  some 
dellection  to  the  ulnar  side.  Tlie  hand  becomes  the  fi-ved  point,  and 
Ihc  bones  of  the  forearm  press  down  to  the  ground,  so  tliat  the  carpus 
is  dis])laced  on  to  their  dorsal  aspect.  The  opposite  displacement  may 
be  produced  by  a  fall  on  the  Hexed  wrist.  Anterior  dislocation  haa 
been  observed  as  a  result  of  hyperextension.  t)ccasionaIly  the  acci- 
dent is  due  to  direct  violence.  The  dorsal  and  palmar  are  the  only 
Iwo  recognized  uncomplicated  dislocations,  and  of  these  the  dorsal  ts 
twice  as  frequent  as  the  palmar. 

Patholojry.— The  anlcrior  nnd  pt^aerior  ligatnenu  are  nsually  extensively  torn ;  the 

external  Ulernl  ilIni  is  umalLy  torn  ihrougli.  nr  the  radial  styloid  process  separaicd.  The 
in'rm.-il  Inirt^l  li(;,aroeni  oftpn  escape*.  The  radial  styloid  prfn-es*  N  the  one  rmx^  r>fien 
injured.  Id  the  dursal  dislocaliun  the  extensor  tendons  are  lifted  fTom  Ihvir  givoves.  carry- 
ing  with  them  (He  attachmentik  of  the  annular  ligament  to  the  hone;  and  they  are  displaced 
noorv  ur  1cm  to  the  radial  and  tdnar  aidrv 

Symptoms. — In  backivard  dislocation  the  elbow  is  flexed,  the  fore- 
arm in  a  position  midway  between  pronation  and  supination.  The 
wrist  itself  takes  up  no  definite  position,  but  may  be  deflected  in  eitJicr 
of  the  four  angular  directions.  The  fingers  are  flexed  at  the  mcta- 
car]K)phalaitg<.'al  joints,  and  the  interphalangeal  joints  are  extt:ndcd- 
A  steep,  transverse,  tlorsal  prominence  exists,  and  on  the  palmar  as{)cct 
a  less  marked  palmar  projection,  rcachinfj  well  down  to  the  base  of 
the  thumb.  The  lonfj  axis  of  the  hand  crosses  that  of  the  forearm. 
(Jn  palpation  the  styloid  processes  bear  their  normal  relationship  to 
each  other,  are  in  the  axis  of  the  fort:;imi.and  before  the  convex  dorsal 
prominence  of  the  carpus.  The  articular  surface  of  the  radius  is 
obscureil  anteriorly  by  the  flexor  tendons,  which  dip  sharply  back- 
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wartl  to  pass  beneath  the-  annular  ligaincnl.  On  manipulation,  all 
mnvcnicnUi  are  iiiterfL'reil  with.  McasurcntL-nt  shous :  \a)  tlu-  length 
of  the  radius  from  its  head  to  tlic  tip  of  the  .styloid  process  to  be  ecjiial 
to  that  of  the  opposite  lirab;  (/;)  the  distance  from  the  upper  inargin 
of  the  dorsal  prominence  to  the  tip  of  the  middle  finger  to  equal  that 
from  the  line  nf  the  radiocarpal  joint  to  the  same  point. 

In  funvarti  didocattaii,  ilie  (Jiirsal  prcnninence  is  concave  from  side 
to  side,  and  in  a  recent  injur)-  I  he  slyloid  pniccsses  are  visible.  The 
palmar  prominence  is  convex  iipwartl.  and  .somewhat  ob.scurcd  by  the 
thickness  of  tlie  flexor  tendons.  Oii  palpation  and  measurement,  the 
signs  resemble  those  already  detailed  in  the  ca.sc  of  the  dorsal  displace- 
ment, except  in  regard  to  the  reversal  of  the  top  level  of  the  prominences 
(the  palmar  being  the  higher),  the  concave  outline  of  the  dorsal  promi- 
nence, and  the  jxissibility  of  Iraciiig  itie  outline  of  (he  nwh'o-nlnar  arch. 

Diagnosis. — If  ihc  points  above  detailed  inider  the  heading  of 
Symptoms  be  hornc  in  mind,  no  tlilTiculty  should  occur  in  the  veri- 
fication of  this  injur)'.  Collcs's  fracture  and  separation  of  the  lower 
radial  epiphysis  are  the  only  stumbling-blocks ;  and  confusion  with 
cither  of  these  is  readily  avoided  by  attention  to  the  relative  position 
of  the  bony  landmarks. 

Profj^nosis. — Reduction  is  easy.  and.  in  spite  of  the  shallowness  of 
the  join  I -cavity,  no  marked  disposition  to  recurrence  has  been  obscrx'cd. 

Treatment. —  The  displacement  is  readily  reduced  by  traction  in  the 
axis  of  the  displaced  hand,  combined  with  clirect  pressure  on  the  dorsal 
or  palmar  prominence,  as  the  case  may  be.  The  hand  and  forearm 
should  then  be  placed  on  anterior  and  posterior  splints,  well  padded 
opposite  the  position  of  the  late  carpal  prominence,  the  fingers  being 
allowed  to  project,  so  as  to  guard  against  subsequent  stilTness  from 
fixation  of  the  tendons,  .'\ftur  fourteen  days  the  splint  should  be 
removed  daily,  tlic  hand  and  forearm  massaged,  and  careful  move- 
ment of  the  fingers  carried  out.  The  splints  should  be  retained  for 
four  to  five  weeks,  and  in  many  cases  may  be  with  advantage  super- 
seded by  a  leather  gauntlet  to  be  worn  for  a  further  period- 
Compound  dislocations  should  be  treated  as  conser\'ativeIy  as  |>os- 
sible.  A  loose  carpal  bone  may  need  removal,  or  in  some  cases  a 
partial  resection  may  be  advantageous;  hut  amputation  should  be 
decided  on  only  in  the  ca-fjc  of  hojieles-s  injury,  or  in  a  patient  wholly 
unfit  to  take  the  risks  of  tiie  process  of  healing. 

Dislocation  of  the  Individual  Bones  of  the  Carpus. — Of  the  first 
row.  the  pi'iiform  is  octa-^ionally  displacL-tl  by  the  action  of  the  flexor 
carpi  ulnaris  nr  by  direct  violence.  l"he  bone  usually  acquires  fresh 
attachment,  and  tl»c  injtiry  is  of  little  importance.  The  scaphoid  and 
semilunar  have  also  been  seen  to  be  dislocated,  usually  in  compound 
injuries.     In  such  a  case  the  di-splaced  bone  may  be  removed. 

Of  the  second  row,  the  os  magnum  is  most  frequently  displaced — 
seldom  completely,  however,  the  head  and  neck  <inly  projecting  dor>iaI- 
ward  as  a  result  of  the  rupture  of  the  transverse  ligament  which 
cro.vtcR  from  the  scaphoid  to  the  cuneiform.  This  portion  of  the  os 
magnum  sometimes  acquires  a  prominence  as  a  result  of  habitual 
strain  due  to  the  occup;ition  of  the  indindual.  In  traum:itic  di.sloca- 
tion  it  is  be%t  reduced  by  direct  pressure,  the  middle  finger  being  at 
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the  same  time  drawn  upon.  If  painful  and  irreducible,  it  may  be 
removed. 

Separation  of  the  two  rows  of  the  carpus  is  very  rare. 

Metacarpus. — The  fixity  of  the  carpometacarpal  junction  makes 
dislocation  of  these  bones  one  of  the  rarest  occurrences.  As  would 
be  expected  from  the  mobility  and  exposed  position  of  the  metacarpal 
bone  of  the  thumb,  the  first  bone  is  the  one  most  commonly  displaced  ; 
and  this  will  be  treated  of  specially.  Of  the  others,  the  second  and 
third  are  most  exposed  by  reason  of  their  comparative  length.  Most 
of  the  recorded  instances  have  been  of  the  first  finger.  A  case  is 
figured  in  Erichsen's  Surgery,  in  which  the  four  bones  were  apparentiy 
dislocated  en  masse. 

Symptoms. — On  inspection  there  appears  either  a  dorsal  promi- 
nence or  a  hollow  bounded  by  the  line  of  the  second  row  of  carpal 
bones,  according  to  whether  the  metacarpal  bone  has  passed  backward 
or  forward.  The  finger  is  shortened  and  slightly  flexed.  In  Erichsen's 
case  the  fingers  are  extended  and  abducted.  On  palpation  the  above 
points  will  be  corroborated. 

Apart  from  complete  traumatic  dislocation  of  these  bones,  it  should  be  mentioned  that 
the  bases  of  the  bones,  especially  the  third,  are  occasionally  partially  displaced  backward, 
and  form  a  dorsal  prominence  bounding  a  slight  hollow.  Such  displacements  may  follow  a 
fall  on  the  hand,  or  are  the  result  of  hard  manual  labor.  They  usually  do  not  call  for 
treatment 

Recent  traumatic  dislocations  are  to  be  reduced  by  traction  on  the 
corresponding  finger  or  fingers,  combined  with  direct  pressure  down- 
ward and  forward,  or  backward,  as  the  case  may  be. 

Metacarpal  Bone  of  the  Thumb. — The  joint  between  this  bone  and 
the  trapezium  differs  from  the  others  not  only  in  its  greater  mobility 
as  to  flexion  and  extension,  but  also  in  possessing  free  lateral  move- 
ment. Displacement  may  be  dorsal  or  palmar,  and  usually  results 
from  falls  on  the  palm  of  the  hand,  leading  to  hypercxtension ;  but  it 
may  be  caused  by  forcible  flexion  with  adduction. 

Symptoms. — In  dorsal  disiocatwn  the  wrist  and  the  phalanges  of 
the  thumb  are  slightly  flexed,  a  prominence  is  seen  on  the  dorsum  of 
the  carpus  slightly  internal  to  the  normal  position  of  the  base  of  the 
bone,  and  the  tabatiere  anatomique  is  deepened.  The  thumb  is  short- 
ened. On  palpation  the  base  of  the  metacarpal  bone  is  approximated 
to  the  styloid  process  of  the  radius.  The  displacement  may  be  incom- 
plete, when  these  signs  will  be  less  strongly  marked. 

Palmar  dislocation  is  rarer  than  the  dorsal.  A  hollow  takes  the 
place  of  the  prominence  mentioned  in  the  last  form,  while  the  base  of 
the  metacarpal  bone  may  be  felt  on  tlie  palmar  aspect  of  the  trapezium. 
The  thumb  is  extended,  and  opposition  is  impossible.  The  phalanges 
may  be  moved  freely. 

Treatment. — The  dislocation  is  readily  reduced  by  traction  in  the 
axis  of  the  displaced  bone,  combined  with  direct  pressure  on  the  base 
in  a  downward  direction,  and  either  forward  or  backward,  as  the  case 
may  be.  If  this  fails,  hypercxtension  may  be  tried  ;  also  hyperextension 
combined  with  direct  pressure.  The  thimib  should  then  be  fixed  in  a 
position  of  full  extension,  with  a  pad  over  the  base  of  the  metacarpal 
bone. 
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Metacarpophalangeal  and  Interphalangeal  Joints. — The 
joints  between  liic  niclucurpiLs  aiul  llic  plmlaiiHcs,  and  the  intcqjliaUni- 
fTcal  joints  in  a  less  degree,  are  jwctiliar  in  the  nature  of  the  ligament 
ibrtiiing  the  anterior  segment  of  the  capsule.  This  consists  of  a  fibro- 
cartilaginous plate,  loosely  attached  to  the  proNimal  bone,  bnl  firmly 
Ijleiuied  with  the  base  of  the  digital  one.  TliLs  arrangement,  while 
scarcely  dispo-sing  to  the  occurrence  of  dislocation,  forms  a  difficulty 
in  the  reduction  of  the  phalanx,  since  the  plate,  especially  in  the  case 
of  the  metacarpophalangeal  joint,  is  apt  to  be  actually  dnuvn  over  the 
head  of  the  proximal  bt>ne.  and  to  interpose  itself  between  the  di.s- 
placeil  bones.  Tlie  tenuous  dorsal  segment  of  the  capsule  offers  little 
obstacle  to  displacement. 

Thumb. — The  metacarpophalangeal  joint  of  the  thumb  must  be 
considered  alone.  In  the  other  joints  four  angular  movements  arc 
possible;  in  the  case  of  the  thumb  lateral  movements  are  shifted  one 
segment  back,  giving  greater  range  with  a  shorter  digit,  and  at  the 
same  time  endowing  ihe  distal  joint  with  the  fixity  necc-^sary  fiir  its 
safety.  HeyontI  this  the  glctmid  plate  con.sisi.s  of  two  .sesamoid  bones 
anti  an  inten'ening  bond,  an  arrangement  in  part  rcspon.sible  for  the 
difficulties  met  with  in  the  reduction  of  dislocations  of  this  articulation. 

In  1207  iliiiltjcations  ini^i  wjih  ai  iSt.  TIioiiuib's  iloifHial,  8^  were  of  ib«  thumb,  or  7.29 
per  c<'ni  Thf  88  wcrcdiiiriliiiitrtl  n*  fnllown:  Cariwinciacariel,  10;  mrlACarfinphalannf^al, 
47  ;  inler|ilm1ai^ciiL,  jl      In  Kr{^a)cin's  statislics  tbc  pGrcc-ntage  amounlrd  in  6.7. 

Causation. — In  the  commoner  or  dorsal  dislocation  the  accident  t.s 

usually  the  result  of  a  fall  on  the  outstretched  |KiIm.    The  palmar 
dislocation  may  be  caused  by  violent  flexion  or  direct  violence. 

PatMoxy. — Thedorwl  dislocation  in»y  be  complete  or  incomptete.  In  the  foTmcr  the 
capsule  suffers  injury  to  Ihir  Klrnn^rsnmoid  plnte.  which  is  torn  rmm  its  cannM:lton  to  the 
metacarpal  boric ;  and  l)ic  aulrrinr  [>nr(->  of  \\\v  Intnat  tiuAinciilN  tr'iHxiiilly  Ihc  outer,  ate 
usually  lom  also.  1'lir  <U>t>4]|  li^itmrnl  may  eecn]>c,  but  \\  raptured  If  the  phalanx  paues 
far  on  to  the  dorsum  of  the  metacarpal  bon*.  Little  injur>'  id  tulTercd  by  the  (■bf.'rt  muscles 
o(  the  (humb,  the  outer  head  of  (tie  fle&or  brevi^  ;xilticis  beirif;  the  nnty  one  torn,  and  thi< 
in  Itt  anterior  part,  and  not  >ufTLcienih'  to  tif  pantic  it  fr»m  iti^  ^curooid  bone.  The  tendon 
of  ihc  long  flexor  is  usually  displaced  inward,  lying  behind  the  prominence  uf  the  head  of 
the  tneiacikrpal  bone,  on  the  expansion  nf  the  shon  nravle-H. 

Tile  dlHicuUy  experienced  in  the  mItKiion  of  this  dislocation  has  been  variously  nttrib- 
uieil  tn  the  tighl  tj^^pirj;  of  the  neck  of  the  mriacnrpal  hone  hy  ihr  slit  in  itir  capsule,  lo 
thif  cotiiraclion  of  tlir  short  m\J»c1c*  and  a  similar  Ef^ppinB  ^^  '^^  head  between  them,  and 
to  the  iiiterposi liun  of  tlie  cii]>Mjle  or  parts  of  it  between  tlie  joinl-surfacesk,  ( )r  these  three 
explanationx,  it  is  not  pri<.Mble  (o  exclude  entirely  the  lirst  two;  but  they  appear  to  have 
dc{)ended  ou  au  inconiplete  altciilioii  to  the  peculiarities  of  the  aritenur  segment  of  the 
capsule.  Frmn  what  hnt  been  already  said  it  will  be  seen  ihnt  the  primary  gap  in  the  cap- 
sule depends  on  the  »e|xtraliun  uf  the  glenoid  U^i^aincnt  from  the  metacarpal  bone — that  in. 
ft  transverse  sbt  nt  the  pmxtnuil  part  of  the  jmnt.  I  n  the  incompleie  dislocations  the  sep- 
arated turgin  !«  drawn  on  to  the  head  of  the  metacarpal  bone,  locelher  with  the  ^u- 
moid  bones,  but  docs  not  pass  the  point  of  (greatest  convexity  of  the  hca<t.  In  tliiti  condt- 
tiiin  no  difKcully  in  reduction  is  litcly  to  arise.  In  the  complete  dislocations  rujiiurr  of 
the  anterior  parts  of  the  tateml  ligsnicnC*,  particularly  the  external,  enlarges  tbc  gap ;  and 
this  may  be  further  incrra-vsl  by  ■  vertical  sefHiration  of  the  two  srunKiid  Ikmcs.  The 
freed  margin  of  the  Klcnoscsomoid  plate  now  cmsscs  the  dorsal  aspect  of  the  hcwt.  and 
formt  an  artual  »rpiuin  between  the  niar)!iu  of  the  phalanx  and  the  joinimviiy.  When 
unsuccessful  efforts  at  reduction  are  made,  one  of  two  thinffs  occurs— ^iher  the  i:lenos«»a- 
moid  plate  i^  lient  sliar|>ly  lutckward  at  iu>  jictint  of  union  with  (he  phalanx,  and  covert  its 
conca*e  liflio,  funutiiK  a  wedge  which  prevent-  the  return  of  the  Vioncs  into  position  by 
(jreally  incrra»ini;  the  teit>jon  of  the  lateral  Itj^anients;  or,  in  the  movcmenl  of  ilrxion,  iJie 
rlimovsamoid  plate  '\^  flattened  out  on  the  dorsum  of  Ihc  metacarpal  bone  hy  the  {mil  of 
the  thciri  flexor  muscles,  its  anterior  smooth  surface  testing;  un  the  lione.  and,  the  sesamoid 
bAnet  being  rotated  m  thai  iheic  canil^noiu  surfaces  look  backward  and  outward,  the 
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pbalnn:^  SMuming  ilic  rxlciulc^  [foMiiun,  will)  currcipuiidi it|>  NbuiiL-Rtiig  of   ilie  ttinnb. 
Funherefforu  at  reduction  how  only  tend  lo  the  pmduclioii  of  the  Iin4  cundillon  dcscribc«l. 

Symptoms. — In  dorsal  dislocation  the  thumb  is  flexed  at  the  meta- 
carpophalangeal joint;  if  the  dislocation  is  incomplete,  to  an  obtuse 
angle:  if  complete,  to  a  rijjht  angle.  In  the  latter  case  the  thumb  is 
shortened;  the  distal  phalanx  is  usually  (Icxcd  and  difficuh  to  extend 
TliL-  phalangeal  section  vi  also  commonly  somewhat  adducted.     The 

head  of  the  metacaqial  bone  forms 


a  palmar  prominence.  On  palpa- 
tion the  head  of  the  mctacar|}al 
bone  can  be  fL-lt  anteriorly,  and 
the  base  of  the  phalanx  on  its  pos- 
terior aspect.  Care  must  be  taken 
not  to  mistake  the  wide  base  of 
the  phalanx  for  llie  metacarpal 
head — an  error  which  has  been 
made  when  the  parts  were  obscured 
by  much  surrounding  swuIHnj;. 
A  continuance  of  the  wolcncc  or 
efforts  at  reduction  may  some- 
times result  in  the  further  dis- 
placement mentioned  under  the 
h.;u!in<;  of  PatholoiT\-.  The  pha- 
l.mx  is  then  exleniled  and  |i<'trallel 
to  the  metacarpal  bone ;  there  is 
considerable  shortening,  the  ba.sc 
iy'(  the  phalanx,  sometimes  reach- 
ing; as  Cir  as  llie  middle  of  the 
metacarpal  sliafl  ;  and  the  vertical 
diameter  of  the  thumb  is  nearly 
doubled. 

Palmar  dislocation  is  vcn,'  rare.  It  is  usually  the  result  of  direct 
violence.  I'hc  dorsal  aspect  of  the  capsule  is  torn,  and  the  glcnosesa- 
niojd  plate  se|xirateil  frcmi  the  nictacar[)al  bone.  On  inspection  the 
pro.xiinal  phalanx  is  usuatly  flexed,  and  this  pnsjlton  is  combined  with 
some  vertical  riitation  of  ilu-  tlnimb,  due  to  the  inability  of  lliu  convex 
oval  margin  of  the  plialanx  to  rest  exactly  on  the  convex  metacarjial 
head  (Hardenheuer),  and  also  to  slight  adduction.  The  distal  phalanx 
is  extended.  The  long  extensor  tendons  cross  the  angle,  or  are  some- 
times interposed.  On  palpation,  the  head  of  the  metacarpal  bone  is 
re;idily  mapjx'd  out.  and  a  corresponding  gap  in  front  of  it.  The  base 
of  llic  phalanx  may  Ix-  felt  aiiterrnrly, 

Ditis^itosis. — The  dilTereiilial  diagnosis  depends  nn  a  careful  attcn- 
linn  to  ihe  jwints  above  detailed-  It  should  be  nMiicriibcred  that  dis- 
locations of  the  thumb  arc  generally  accompanied  by  much  immediate 
swelling  and  subsequent  local  inHammation. 

l^flgtioxis. — The  difficulties  of  reduction  in  certain  cases  have  been 
already  alluded  to.  and  will  find  further  mentir>n  under  the  heading  of 
Treatment.  The  anterior  dislocations  are  diffieult  to  retain  in  position. 
If  cither  tlislocation  remains  unretluced.thc  function  gradually  improves 
with  time  and  use,  and  may  be  fair. 
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Treatment. — In  dorsal  disptaceirents  this  conMsts  in  hypcrex tension. 
The  base  of  the  phalanx  is  pushed  fnrward  by  one  thumb  of  the  oper- 
ator, while  the  tip  is  forcibly  pressed  upon  by  the  other,  so  as  to  tilt 
the  base  over  the  head  of  the  metacar]Mt  bone  without  danger  of  inter- 
posing the  glcnoscsamoid  plate.  Some  adduction  may  be  combined, 
if  necessary,  to  iitihze  the  generally  wider  tearing  of  the  external  lateral 
ligament.  The  older  method  of  primary  flexion  of  the  metacarpal 
bone  together  with  traction  and  direct  pressure  is  less  satisfactory,  as 
more  likely,  by  releasing  and  altering  the  direction  of  the  pull  of  the 
short  muscles,  to  allow  of  interpo">ition  of  the  glenosesamoid  plate. 
In  troublesome  case?  Mr.  J.  Hutchinson,  Jr.,  enters  a  small  tenotome 
immediately  above  the  base  of  the  displaced  phalanx  and  divides  the 
sphenoid  plate  between  the  sesamoid  bones,  which  he  states  renders  reduc- 
tion easy.  The  method  proposed  by  Palmer,  nf  making  a  small  opening 
on  the  palmar  surface  for  the  introduction  of  a  k-ver  across  the  head  of 
the  metacarpal  bone  and  beneath  the  base  of  tlie  phalanx,  is  also  worthy 
of  trial.  In  palmar  dislocations  the  thumb  should  be  fully  flexed  and 
direct  backward  pressure  made  on  the  base  of  the  phalanx,  while  the 
head  of  the  metacarpal  bone  is  pressed  in  an  opposite  direction. 

I-astly,  if  the  dislocation  defies  ordinary  methods,  the  best  resort  is 
arthrotomy  with  11  radial  incision.  Subcutaneous  tenotomy  has  been 
reconnneiided  and  much  employed — often,  however,  unsuccessfully, 
as  might  be  expL-cted  if  the  glenosesamold  plate  is  the  chief  cause  of 
difficulty.  If  arthrotnmy  fails,  excision  of  the  head  gives  very  good 
results  ;  but  it  is  usually  demanded  by  old  cases  only.  In  dislocations 
of  the  thumb  even  the  interval  of  a  few  days  is  of  great  prognostic 
importance,  xs  far  as  reduction  is  concerned.  Compound  dislocations 
are  to  be  treated  conser\'ativety.  resection  being  admissible  only  in 
special  cases.     Good  results  are  generally  olUamed. 

Metacarpophalangeal  Joints  of  the  Finj^rs. — Dislocations  of  these 
joints  are  uii[:iiinnH)n,  ahhoutjh  not  so  rare  as  old  statistics  would  lead 
us  to  believe.  Thus,  of  1207  dislocations  of  all  joints  observed  at  St. 
Thomas's  Hospital.  103.  or  K.53  percent,  were  of  the  fingers.  These 
were  distributed  ;is  fdllows:  Carpometacarpal,  7  ;  metacarpophalangeal. 
30 ;  first  inteqihalangeal,  35;  scconri  intcrphalangcal.  31. 

These  joints  differ  from  that  of  the  thumb  in  the  possession  of 
lateral  mobiliiy,  and  in  the  anterior  ligament  being  a  simple  glenoid 
plate  without  sesamoid  bones.  Dislocation  is  most  commonly  dorsal, 
rarely  palmar,  and  in  the  case  of  the  index  and  little  fingers  lateral  dis- 
placement has  occasionally  been  obscr\*cd.  The  ring  finger  is  very 
rarely  dislocated. 

Sytuptoms. — The  signs  vary  only  slightly  in  degree  and  in  the  dif- 
ferent outline  of  the  joint  from  ihose  alreatly  detailed  fully  in  the  case 
of  the  thintili,  and   llie  ^;iine  methods  of  n-duclion  may  be  tried, 

Interphalangeal  Joints. —  I'he  anatomy  of  these  joints  resembles 
that  of  the  metacarpophalangeal,  varj'ing  only  in  the  lasser  degree  of 
strength  and  in  the  presence  of  a  double  condylar  head  to  the  pha- 
langes. The  dorsal  and  palmar  ilisplacemcnts  are  accom|Kinie(i  by 
precisely  similar  signs  to  those  ohscr\'ed  in  tlie  proximal  joints. 

The  special  variety  of  dislocation  is  the  |>artial  lateral  one.  This  is 
due  to  lateral  flexion  of  the  joint,  leading  to  rupture  of  one  lateral  liga- 
ment and  the  escape  of  the  phalanx  to  the  corresponding  side,  the 
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inner  condyle  of  the  proximal  phalanx  resting  in  the  outer  cavity  at 
the  base  of  the  distal  phalanx,  or  I'ice  versa,  as  the  case  may  be.  These 
dislocations  are  unaccompanied  by  shortening  or  by  marked  flexion. 
The  finger  is  usually  extended,  the  long  axis  is  distorted,  and  lateral 
prominences  are  to  be  felt  corresponding  to  the  uncovered  condyle  of 
the  proximal  phalanx  and  the  base  of  the  distal  one.  All  are  best 
treated  by  traction  and  direct  pressure  on  the  displaced  bone.  What 
has  been  said  as  to  the  treatment  of  compound  dislocation  of  the 
thumb  holds  good  here. 

Tibia. — According  to  the  general  mode  of  classification,  disloca- 
tions of  the  knee  are  regarded  as  displacements  of  the  tibia ;  but  it 
should  be  pointed  out  that  in  all  cases  it  is  the  femur  which  bursts  the 
capsule,  and  therefore  takes  the  more  active  part  in  the  production  of 
the  injury. 

As  the  central  joint  of  the  long  lever  fanned  by  the  lower  extremity,  the  knee  has  to 
withstand  greater  strain  than  any  other  articulation  in  the  body.  Its  power  to  do  this 
depends  on  several  special  characteristics.  In  the  first  place,  the  bony  contact  exceeds  in 
surface-area  that  of  any  other  Joint  in  the  body.  A  very  shallow  cavity  is,  however,  ofTered 
by  the  tuberosities  of  the  tibia — a  point  of  importance  as  to  the  possible  occurrence  of  dis- 
location, since  no  bony  prominence  exists  to  act  as  an  abnormal  fulcrum  in  forced  move- 
ments of  the  joint  and  throw  excessive  strain  on  the  ligaments.  The  stability  of  the  joint 
depends  further  on  the  density  of  the  surrounding  fascia  with  its  abundant  muscular  inser- 
tions, the  numerous  surrounding  tendons,  the  strength  and  number 'of  the  ligaments,  espe- 
cially the  crucial,  and  the  special  arrangement  of  the  interarticular  cartilages,  by  which  a 
contact  of  the  bony  surfaces,  as  exact  and  extensive  as  possible,  is  ensured  in  all 
positions,  in  spite  of  the  variations  in  the  curve  of  the  condyles  of  the  femur.  The 
substitution  of  muscular  expansion  for  a  strong  capsule  on  the  aspect  of  the  joint  most 
affected  by  its  movements  finds  here  its  most  striking  example  in  the  arrangement  of  the 
quadriceps  tendon;  while  in  the  oblique  fasciculus  of  the  posterior  ligament  we  have  an 
excellent  example  of  the  strengthening  and  modification  in  character  of  a  ligament  by  the 
addition  of  a  tendinous  insertion — that  of  the  semimembranosus.  The  importance  of  the 
latter  arrangement!)  to  the  stability  of  an  articulation,  such  as  the  knee,  is  evident,  sjnce,  if 
taken  by  surprise,  the  strain  is  not  thrown  against  an  inelastic  band  of  white  fibrous  tissue, 
like  a  pure  ligament,  but  against  a  structure  which  is  to  some  extent  under  a  muscular  or 
contractile  control  capable  of  breaking  and  modifying  a  sudden  shock. 

Frequency  of  Occurrence. — Dislocations  of  the  tibia  are  rare.  In 
1207  dislocations  seen  at  St. Thomas's  Hospital.  3  examples  occurred,  or 
0.24  per  cent.  In  Kronlein's  statistics,  4  occurred  in  a  total  of  400 
dislocations,  or  i  per  cent.     Not  one  of  the  whole  7  was  complete. 

Causation  and  Classification. — The  sagittal  dislocations  generally, 
and  the  lateral  always,  are  the  result  of  indirect  violence,  and  are  caused 
by  falls  on  the  feet  followed  by  an  excessive  movement  of  the  knee, 
due  to  the  further  progress  of  the  body.  Forward  displacement 
usually  results  from  hyperextension,  such  as  may  be  caused  by  falling 
forward  of  the  body  when  the  foot  and  leg  are  fi.xed  in  a  hole.  The 
condyles  of  the  femur  reach  the  anterior  border  of  the  tibia,  and  are 
thrown  against  the  posterior  part  of  the  capsule;  this  and  the  posterior 
part  or  whole  of  the  lateral  ligaments  are  ruptured  by  the  condyles,  and 
a  dislocation  occurs.  In  the  lateral  dislocations  a  movement  of  abduc- 
tion or  adduction  of  the  knee  in  the  same  way  throws  the  femur  against 
the  opposite  lateral  ligament,  which  is  ruptured,  and  allows  a  dislocation 
to  be  produced  in  the  opposite  direction.  The  sagittal  displacements  may 
also  be  produced  by  direct  violence ;  thus,  an  anterior  dislocation  may 
result  from  the  falling  of  a  heavy  body  on  the  front  of  the  thigh  with 
a  flexed  knee,  the  femur  being  driven  backward ;  or  a  posterior  dislo- 
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cation  may  result  from  a  blow  received  by  the  anterior  aspect  of  the 
tibia  with  .1  slightly  or  fiiily  flexed  knee.  A  case  of  lateral  dislocation 
friini  vi(^lence  excrtctl  on  the  side  of  the  thigh  with  a  fixed  leg  has 
also  ht'cn  recorded. 

Pathology. — A  tnrgc  proportion  of  thv  fonranl  (tiklocatkint  nre  iDcocipldc  n  sttU 
Uqccr  of  the  posCcHor,  while  the  Inicnl  are  nenrly  nlvrays  incomplete. 

Symptoms. — In  /onvard  dUlocation  the  knee  is  u.^ually  extended 
or  hypcrcxtended.  the  latter  po.sition  cauhinj;;  a  posterior  inflexion. 
The  tubercle  of  the  tibia  is  ver\'  prominent.  Krom  it  the  tense  liga- 
mentum  patella:  slopes  backward,  with  a  hollow  on  either  side,  and 
above  this  the  jwtella  itself  is  seen  bounding  a  considerable  hollow 
over  the  lower  end  of  the  femur.  The  jwptiteal  hollow  is  obliterated, 
and  the  anteroposterior  diameter  is  considerably  increased.  In  com- 
plete dislocation  .shorteninjj  of  from  i  to  4  inches  ha.'*  been  observed. 
On  palimtion  the  anterior  raarRin  of  the  head  of  tlie  tibia  is  felt  on 
cither  side  of  the  liganicntum  patclla.%  and  in  complete  dislocations  the 
outline  of  the  facets  on  its  upper  surface  can  be  made  out.  The  patella 
iUelf  lies  in  a  more  or  less  sloping  pu.sition  over  the  ii|)per  end  of  the 
tibia.  The  expansion  of  the  quadriceps  i.s  loose  and  in  folds  which 
obscure  the  upjier  margin  of  the  pateMa.  Posteriorly  the  condyles  are 
readily  felt,  and,  when  the  gastrocnemius  is  much  lacerated,  may  be 
actually  subcutaneous.  On  manipulation  little  movement  is  possible, 
unless  the  ligamentous  laceration  is  unusually  free,  and  then  the  leg 
simply  hangs  loosely.  The  ves- 
sels in  the  po])liteal  space  may 
be  compressed,  ami  there  may 
be  great  pain  from  pressure  on 
the  popliteal  nerves. 

In  lnuhivard  disfocation  the 
limb  is  usually  extentled  or 
hyperextended.  The  same  in- 
crea.se  in  the  anteroposterior 
diameter  is  observed  as  in  the 
forward  variety,  and  if  the  dislo- 
cation is  complete  there  is  short- 
ening of  the  leg.  Anteriorly  a 
prominence  is  seen  above  the 
level  of  the  joint-cleft,  consisting 
of  the  condyles  of  the  femur; 
posteriorly,  one  due  to  the  dis- 
placed head  of  the  tibia,  which 
may  be  above  or  behnv  the  levi-I 
of  the  joint-cleft,  according  as 
the  displacement  is  complete  or 
not.  Hollows  exist  below  and 
above  these  prominences,  and 
the  outline  of  the  Itgamcntum  patellae  may  be  observed  crosang  the 
anterior  one. 

On  palpation  the  outline  of  all  the  upper  part  of  the  trochlea  may 
be  mapped  out  on  the  prominent  condyles,  vvliile  on  either  side  oi  the 
ligamcntum  patcllie  the  under  surface  of  the  condyles  may  be  felt. 
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In  complete  dislocattun  the  patella  itself  is  horizontally  applied  to  the 
under  asixrct  of  the  condyles  in  their  center.  The  prominent  margin 
of  the  head  of  the  tibia  may  be  felt  posteriorly.  On  nianipulatton 
little  movement  is  ])ossibIc.  and  this  only  in  the  direction  of  Hcxion, 
together  with  some  abnormal  lateral  mobility. 

Latiritl  dislocations  are  seldom  complete,  and  as  the  movement  of 
forced  abduction  is  .so  much  more  frequent  than  that  of  adduction,  dis- 
placement outward  is  the  commoner  variet)-. 

On  inspection  the  limb  is  usually  found  extended,  the  foot  rotated 
out  in  the  outssard  variet>',  and  the  reverse  when  the  displacement  is 
inward.  The  lateral  iliameter  of  the  limb  is  increased.  A  prominence 
exists  on  either  sitle,  that  above  the  level  of  the  joint-cleft  correspond- 
ing with  a  femoral  condyle,  the  skin-cove rinj»  of  which  is  usually  tense 
and  shininff,  and  that  below  corresponding  with  a  tibial  tuberosity. 
On  palpation  the  outline  of  the  condyle  and  tuberosity  respectively 
can  be  mapjjed  out.  and  the  trochlear  surface  of  the  femur  is  also  trace- 
able, since  the  patella  is  carried  with  the  tibia  over  the  margin  of  ihc 
condyle. 

Prognosis.— Immediate  reduction  is  seldom  diHicull ;  indeed,  the 
bystanders  after  one  of  these  accidents  have  not  unfrequently  reduced 
the  dislocation  bj- pulling  the  leg.  The  prognostic  importance  depends 
on  the  extensive  ligamentous  rupture,  which  leaves  permanent  weak- 
ness, and  may  be  followed  by  deformity,  such  as  bowed  leg  or  knock- 
knee.  In  simple  cases  the  most  serious  complicalion.s  are  dejxrndcnt 
on  injur)'  to  the  vessels.  Gangrene  has  been  seen  to  occur,  either 
within  the  first  few  days  or  as  late  as  the  fourth  week.  In  this  respect 
backward  dislocations  have  proved  themselves  more  dangerous  than 
for%vard  ones,  since  the  artery  has  not  the  advantage  of  the  protection 
offered  by  the  popliteal  notch  of  the  femur. 

Treatment. — The  .simplest  methnd  nf  reduction  is  the  best,  and  is 
generally  apjilicable.  Traction  is  niatie  in  the  axis  of  the  displaced 
bone,  wliile  direct  pressure  is  made  on  the  two  articular  extremities 
in  the  required  direction — /.  (-..  backward  or  forward  for  the  femur,  and 
downward  for  the  tibia.  If  this  fail,  traction  followed  b>'  flexion  may 
be  tried  In  the  forward  and  backward  varieties.  If  necessary,  the  fore- 
arm (tf  an  assistant  may  be  placed  in  the  popliteal  space,  both  to  pro- 
duce some  extensiiin  and  to  act  as  a  fulcrum.  In  the  lateral  \arieties 
a  combination  of  abduction  or  adduction,  whichever  has  led  to  the 
original  injur>',  will  be  best  coinhined  with  traction, 

After-care  needs  to  be  very  prolonged.  A  fixed  .support,  such  as  a 
plaster-of-Paris  splint,  must  tie  constantly  worn  for  at  lea.st  six  weeks, 
and  should  be  remnvcd  only  for  the  application  of  mas.sage  to  tlie 
muscles  above  and  below  the  joint.  Gentle  passive  movement  may 
then  be  made,  and  as  slrenglli  increases,  active  exercises  should  be 
cautiously  commenced.  \  hinged  lateral  support  should  be  worn  for 
at  least  a  year,  ami  it  may  be  advi.sable  to  retain  it  still  longer  if  there 
is  any  appreciable  lateral  weakness.  Compound  dislocations  are  very 
rare,  and  must  be  treated  on  general  principles.  Commonly  the  only 
substitute  for  ctinservalive  treatment  is  amputation. 

Cotigcnilal  dts/ocation  is  occasionally  met  with,  and  may  be  sym- 
metrical. 
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Isolated  Dislocation  of  the  Fibula. — This  accident  is  a  rare 
one.  Tlic  upi>cr  end  ol'  tlio  bone  is  occasionally  displaced  by  dirccL 
\Solencc  or  by  forctbtc  contraction  of  the  biceps.  It  may  also  com- 
plicate a  fracture  of  the  upper  third  of  the  libia.  A  case  is  on  record 
in  which  both  ends  were  separated,  dislocation  first  occurring  at  the 
ankle,  and  tiic  botic  being  then  tlriven  bodily  upward. 

Symptoms. — Displacement  of  the  up^jer  end  is  readily  recognized 
by  palpation  of  the  head,  which  is  situated  either  loo  far  forward  or 
backward,  and  in  one  recorded  case  was  upward.  The  outer  surface 
of  the  Ic^  is  flattened,  a  depression  takes  the  place  of  the  normal 
prominence  of  the  heatt,  the  biceps  tendon  is  tense,  and  power  of 
extension  of  the  leg  is  mure  or  less  impaired. 

Treatment. — The  head  slioiild  Ik-  reduced  by  direct  pressure,  and 
the  limb  slightly  tlexed  and  [lut  up  in  plaster  *»f  Paris.  The  small 
area  of  the  joint-surfaces  and  the  pull  of  the  biceps  are  unfa^onible  to 
a  yood  result.  Small  inconvenience,  however,  .seems  to  have  resulted, 
but  the  obvious  treatment  is  to  fix  the  head  of  the  bone  to  the  libia, 
either  by  a  screw  or  a  suture. 

Patella. — -The  jjosilion  of  the  patella  is  maintained  by  the  various 
parts  of  the  quadriceps  extensor  cruris,  any  vertical  movement  being 
necessarily  controlled  by  the  attachment  of  the  ligament  to  the  tibia. 
Lateral  shiftmg,  however,  is  |io.vsible  in  the  groove  of  the  femoral 
trochlea,  especially  in  the  extended  po.sition. 

The  obHciwity  of  the  llugh  necfwitatcs  a  coTTcspondinj^  stone  in  the  inwanl  direction  of 
■he  f^nadiici^fMi,  wliiL-h  is,  howt^vcr.  to  a  lonall  degree  lerenetl  in  the  h{pimcn1uni  iMlellx. 
If«nce.  m  the  itonnxl  *t;ilc  the  {»I«IU  fannit  ihf  nprx  of  «  iriflngle,  «nlient  Inuanl.  To 
■mtnilizr  llie  ciiiihnjurnt  Ii-tkImkv  Hi  outward  displaceinent  of  tbc  knee-cnp  when  t]ic  mus- 
cle contracts  we  lt"d  thai  the  vnslii*  itilrmtis  Ka»  n  mtiih  more  c xtm»ivr  niuu-ulnr  tnwrtinn 
into  Ibc  inner  inirllar  margin  tluiii  the  v^■>tu^  «xteruu»  has  tu  llie  oulei.  la  spile  of  this 
arrkngemcnl,  the  ci>ni]Hiniitve  frrrjtirnry  nf  onlwanl  displacemenlN  and  (he  nttity  of  inwnitl 
ones  conclusively  (teiiion.«tnilc  tlic  intluciicc  of  ihc  aii^tuitiical  airangcniciit.  In  the  posi- 
tion of  flexion  the  patella  ^\X\^s  deeply  itilo  ihe  inlerrondylar  notch  orrrlyin^  the  cleft  of 
the  knee-)oint,  and  latetnl  dicplncmient  ia  opixneil  hy  the  tenuon  of  the  (juadricepi.  In 
cxleti&ion,  on  the  other  hand,  the  patella  is  prominenl.  resls  on  Ihe  triKhlca  by  it»  luver 
pan  only,  and  the  fjundricrp*  i*  ixil  ktrelched  ;  hence,  eviciiMon  »  the  pontion  of  danger 
for  the  [Miella. 

Frequency  of  Occurrence. — In  the  1207  dislocations  seen  at  St 
Thoin;i'^'s  H"spii;il,  .J  were  nf  the  patella,  or  a  ratio  of  .-i^j,  per  cent. 
KriMilciii  s;iw  %  in  400  iii--locatii>iis,  or  .71;  per  cent. 

Causation  and  CIasslfIcation.^r>i.4ocations  of  the  patella  are 
usually  the  result  of  sudden  contraction  of  the  quadriceps,  and  there- 
fore they  arc  due  to  muscular  action ;  but  they  may  be  caused  by 
direct  violence  in  blows  or  falls,  the  margin  of  the  bone  being  the  point 
of  impact. 

The  IxHie  is  commonlj'  dislocated  outward  ;  very  rarely  in  the  oppo- 
site direction.  Dislocation  outward  relaxe.<  the  quadriceps,  inward  tight- 
ens it — another  reason  for  the  rarity  of  the  inward  variety.  Dislocation 
upward  results  only  from  rupture  of  the  ligamentum  patella*  (Fig.  316). 
Heyond  these  forms,  a  rotatory  displacement,  in  which  either  the  inner 
or  outer  margin  of  the  tione  rests  in  the  notch  between  the  condyles, 
occurs;  and  tliis  may  be  complete,  the  articular  surface  looking  for- 
ward. 

Luxation  outward    in   cases  of   knock-knee  is   by  no  means  a 
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rare  spontaneous  occurrence,  and  hence  a  decree  of  genu  valgum 
only  slightly  emphasising  the  nomial  physiological  arrangement  must 
be  looked  upon  as  predisposing  to  the  occurrence,  and  no  doubt 
does  explain  some  cases  of  outward  displacement.  In  congenital  dis- 
placements of  this  bone,  genu  valgum  results,  and  it  has  also  been 
observed  to  develop  as  a  result  of  unreduced  traumatic  dislocations. 

Pathology. — A  nUt  i»  pn^luccd  in  th*  side  of  Ihe  capsule  onposiit  thai  of  Ihe  di*- 
plflcemctit.  Vcrtiizui  ili»|ilai:cnieiu  nuitrii  k  iluuhit-  %)it  tircrvsary.  Trn>>ii>n  iif  lh<'  rrmeinitig 
bands  is  usually  icgardcd  ns  (he  ce.nx  of  ihc  ftxation  of  the  bone  in  fAlte  poftilion. 

Symptoms. — In  lateral  dislocations,  when  displacement  is  complete, 
the  knee  is  about  one-quarter  flexed;  in  incomplete  dislocations  it  is 

•sometimes  extended.  The  front 
of  the  knee  is  widened,  the  nor- 
mal prominence  of  the  patella  is 
shifted  to  one  or  the  other  side, 
and  a  hollow  exists  in  its  position 

/^^m         ■    o\cr   the    center   of    the    femur. 
^^^H  bounded  by  the  prominent  mar- 

^^^^^P  gin  of  the  displaced  patella.    On 

^^  ^  ^^^^^^^         I    palpation  the  ]Kisition  nf  the  pa- 

^ft  &^^^^  ^^^^^^  tella    may    be    determined,   while 

^^  ^^^B^   ^^^^^  either  the  wht^le  or  jjart  of   the 

outline  of  the  trochlea  may  be 
traced,  in  addition  to  the  abnor- 
mally coursing  ligamcntum  pa- 
tella-. On  manipulation  little 
movement  is  possible,  and  tliat 
very  pjitnfitl. 

In  rotatory  dislocation,  the 
knee  is  extended,  a  centriil  prom- 
inence formed  by  the  margin  of 
the  patella  increases  the  sagittal 
diameter  of  the  hmb.  and  On 
either  side  of  this  is  a  hollow. 
On  palpation  the  position  of  the 
patella  and  the  direction  of  its 
cartilaginous  surface  are  readily  determined.  The  quadriceps  is  very 
tense.  Complete  rotation  is  seen  both  as  a  result  of  muscular  action 
or  complete  violence. 

Prognosis. — The  function  of  the  limb  becomes  fair,  even  if  the  dis- 
placement is  unreduced ;  but  both  flexion  and  complete  extension  are 
somewhat  interfered  with. 

Treatment. — To  reduce  the  displacements,  the  hip  must  be  flexed 
and  the  knee  extcmted,  while  direct  pressure  is  made  upon  the  patella. 
If  this  fails,  forcible  flexion,  followed  by  extension,  may  be  tried.  In 
suitable  individuals,  where  these  methods  are  unsuccessful,  an  open  inci- 
sion may  be  made,  and  after  di\ision  of  the  tense  bands  of  the  capsule, 
the  patella  may  be  tcm[>orarily  fixed  in  position  with  a  peg  or  screw. 
Cases  of  rotatory  clisphicement,  however,  are  on  record  where  even  the 
o|)en  method  has  failed. 


palellK ;    upwtinl   ilc^plnccmrnt  of   \\\z  bone 
(St.  Thomas's  Mu§cuni,  t^tindunf. 
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Foot. — The  ankle  forms  one  of  the  purest  examples  of  the  hinge- 
joint,  lateral  movemt-nl  being  opposed  by  strong  radiating  ligaments, 
and  large  bony  processL-s  extending  over  the  entire  lateral  aspects. 
Under  these  circumstances  it  will  be  readily  understood  that  lateral  dis- 
placements do  not  occur  without  fractures  of  the  bones  ;  thus,  a  partial 
outward  displacement  is  always  treated  of  as  Pott's  fracture,  and  a  more 
complete  one  as  Dupuytrcn's,  while  inward  displacements  are  accom- 
jKinicd  by  fracture  of  the  interna!  malleolus.  These  will  therefore 
meet  with  no  further  niciuion  hL-re.  An  upward  displacement  is  often 
described,  the  dislocation  bcinj;  not  of  the  astragalu-s  alone,  but  com- 
bined with  a  diastasis  of  the  inferior  tibiofibular  articulation.  Although 
there  is  some  doubt  as  to  whether  this  separation  is  not  actually  due,  in 
most  cases,  to  an  oblique  fracture  of  the  tibia,  it  demands  brief  notice 
here.  It  has  been  caused  by  falls  or  the  foot  in  a  horizontal  position. 
The  signs  consist  in  a  widening  of  the  transverse  diameter  of  the  ankle, 
approximation  of  the  malleoli  to  the  margin  of  the  sok'.  and  extreme 
fi.xity  of  the  foot.  Reduction  has  proved  extremely  difficult  or  impos- 
sible. 

Safflttal  Dislocations. — Pure  forward  and  backward  dislocations  of 
the  foot  occur  rarely. 

Frequency  of  Oecurretuc. — In  1207  dislocations  observed  at  St. 
Thomas's  Hospital,  3  of  the  ankle  occurred,  or  .24  per  cent.  In 
Kronlein's  statistics,  2  occurred  in  400.  or  .5  per  cent. 

Cttustxtion. — The  majority  of  observed  instances  have  been  the  result 
of  indirect  violence,  the  tibia,  .strictly  »peakiiig,  bdng  the  ht>ne  dLslocatctl. 
Thus,  the  backward  and  more  common  variety  has  been  caused  by  falls 
on  the  feet,  the  body  falling  forward ;  or  the  knee  and  ankle  are  flexed 
to  a  degree  in  which  the  ttbia  bursts  the  posterior  ligament  and  passes 
on  to  the  upper  surface  of  the  os  calcis  in  its  non-articular  portion. 
Again,  the  tibia  has  been  driven  backward  by  a  blow  upon  the  flexed 
knee  while  the  person  was  in  a  squatting  position.  Thus,  the  displace- 
ment is  the  result  of  h>'pcrflfxion.  Forward  dislocation  is  the  result 
of  the  opposite  movement  of  hyperextension.  In  this  case  again,  falls 
on  the  feet  arc  the  commonest  cau.se.  The  foot  becomes  the  fixed 
point,  and  the  body  falling  backward,  the  tibia  finds  an  abnormal  ful- 
crum in  the  posterior  margin  of  the  astragalus,  and  bursts  the  capsule 
anteriorly.  The  leg  has  been  known  lo  form  the  fixed  point,  and  the 
foot  has  been  driven  forward  by  direct  violence  applied  to  the  heel. 

Patkotogy, — Complele  dUlocalioa  in  either  direction  necusiutei  rupture  of  both  lateral 
lieameni^  These  are  very  sironi;,  sn  tlml  in  llie  Inlml  digplacrtnent^  fracture  is  CDtntnun; 
ihu*.  the  internal  inalleAlu«  hns  been  fi>und  fmciureH  in  the  funrard  variety,  and  the  external 
in  the  tmcltwanl.  Either  dUtocalion  may  be  complete  or  incompLcle.  In  the  rotnplete  for* 
ward,  the  libia  reMt  on  the  )H>MrHt)r  part  nf  the  m  rfllrii ;  in  ihr  mm|ileie  hackKtrd,  »n  the 
fore  pari  nf  llie  nMiii|{ahi«  and  scaphoid.  In  tlic  incuiuplele  varieties  the  tibia  reM»  i>n  tome 
)Mrt  of  ihe  nilirular  Inic'hlr.i  nf  liir  itstnigaluti  lijr  it^  anlenor  tir  jHiMrriiir  margin.  Either 
variety,  when  cumplete,  cau»e4  f^eat  ten«on  of  the  skin,  which  nuiy  b«  burst  or  give  way 
tecondarily  m%  Ibc  result  of  Ihe  injury  it  ha»  sufTerc*]. 

Symptoms. — In  th'slocation  backward  the  foot  is  extended,  and  if  the 
external  malleolus  is  broken,  somewhat  abducted.  The  dorsum  of  the 
foot  is  shortened.  The  rounded  lower  end  of  the  tibia  is  prominent, 
and  below  it  a  marked  groove  or  crease  of  the  skin  corrcs|jonds  with 
the  cleft  of  the  ankle-joint.     The  heel  projects  strongly,  and  the  dis- 
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tance  between  it  and  the  malleolus  is  increased.  The  tentUi  Achiilts  is 
prominent,  anti  forms  a  sharp  curve,  concave  backward  ;  a  deep  hoHnw 
exists  on  citing  side  of  it.  On  palpation  the  relation  of  the  bony  parts 
can  be  confirmed,  and  possibly  the  astnij^'alus  felt  in  its  new  position 
from  one  or  the  other  side  of  the  tendon.  On  iiwnipiilation  little 
movement  is  possible,  and  altempLs  at  it  are  very  painful. 

In  disloeatiuns  forward  llie  foot  is  moderately  extended,  the  dorsum 
elongated,  the  heel  deficient  in  prominence.  The  tijis  of  the  malleoU 
arc  approximated  to  the  sole;  the  tcndo  Achillis  falls  vertically.  On 
palpation  the  malleoli  can  be  felt  on  either  side,  in  ver)'  close  proximit>* 
to  the  tendo  Achillis;  and  the  upper  .surface  of  (he  astragalus  can  be 
traced  anteriorly.  If  the  (.lisplaeement  is  incomplete  in  either  direction, 
the  signs  are  similar,  but  less  stronjjjly  marked. 

Diagnosis. — The  main  point  in  the  diagnosis  of  the.se  injuries  is  the 
alteration  of  the  relation  of  the  malleoli  to  the  bones  of  the  tar^ius. 
Determination  of  this,  taken  with  the  alterations  in  the  appearance 
already  described,  will  obviate  any  source  of  error. 

h'ogiwsts. — Heyond  a  sliglitly  marked  tendency  to  recurrence,  these 
dislociitions  offer  little  ililTiculty.  If  unreduced,  the  function  of  the 
foot  i.s  much  interfered  with. 

TretUmcnt. — Tlie  knee  is  flexed  to  relax  the  tendo  Achillis.  and 
traction  made  on  the  fool,  combined  with  tlexion  or  extension  in  the 
forward  and  backward  dislocations  respectively.  The  foot  .should  then 
be  fixed  in  a  ptastcr-of-l'aris  splint.  The  date  for  the  commencement 
of  pjissivc  movement  will  vary  with  the  auioiiiit  of  the  original  dis- 
placement and  the  consequent  degree  of  rupture  oi  the  lateral  liga- 
ments. In  any  case  a  three  weeks'  interval  is  neccssarj',  and  an 
apparatus  is  needful  for  some  months.  Reduction  has  been  facilitated 
in  difficnit  ciscs  by  tenotomy  of  the  tendo  Achillis,  In  unreduced 
dislocations,  excision  should  be  limited,  if  possible,  to  the  astragalus, 
and  consist  in  either  partial  or  complete  removal  of  that  bone.  The 
question  of  lateral  arthrotomy  with  osteoplastic  resection  oi  one  of 
the  malleoli  may  also  be  consideitrd  as  a  substitute. 

The  skin  in  these  dislocations  is  not  infrequently  much  contused, 
and  not  rarely  lacerated.  Great  care  must  be  exercised  in  the  aj^li- 
cation  of  apparatus  when  the  contusion  is  severe,  and  also  caution  in 
the  application  of  cold.  Compound  dislocation  mu-st  be  treated  on 
ordinary-  lines  ;  but  it  may  be  remarked  that  if  the  wound  is  other  than 
a  puncture  from  a  fnicturcd  malleolus,  the  condition  of  the  soft  parts  is 
usually  unsuitable  for  an  e\ci';inn,  cither  partial  or  complete. 

Subastra^aloid  Dislocations. — The  movements  of  abduction  and 
adduction  of  the  foot  on  the  leg.  or  the  leg  on  the  foot,  when  the  latter 
is  the  fixed  point,  take  place  in  the  astragal ocalcanean  joint,  around  an 
obIit[ue  axis  corresponding  with  the  attachment  of  the  powerful  inter- 
osseous ligament. 

The  drcumfcreiicc  of  the  joint  ts  closed  by  a  capsular  llEamenl  of  varriiig  r^n*j•ItnK:«^ 
but  stmi|;thcn«l  by  the  conlinuAlinii  of  \\\e  iniemni  Inrrrnl  lij^inmi  rtf  llir  kiiklr  In  tlie 
su«li^  nine  III  urn  lali,  an<i  a{  thr  mitldlc'  1'a»ciculii>>  of  Ibe  nlmtal  lateral  ligammt  to  the  tidxf 
civ  on  thi^  oui«  surface  of  the  os  lalci^  1  Jniiliiiinii  of  miivi-mni)  i»  ihr  ankulation  h  due 
Xn  bony  rnniaci ;  thus  of  the  p>«tcrior  and  inner  p.irt  of  ilie  aiUu|^alu>  with  the  piHlerior 
part  of  the  calcaneuiu  in  adduciiuii,  unil  (hv  head  uT  thr  aslnigatut  with  the  forr  and  nuirt 
pan  <A  lh«  (^reaKT  proceu  of  the  as  calcis  in  abdnctian.     In  a  too  free  inurement  m  otbei 
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rlirnrtion,  such  as  occiin  in  aligliling  violently  on  (he  fool,  Iho  Vkv])-  f>illiiig  In  niie  nidr  or 
iJht  other,  «  (jiLst  fulcrum  >■*  etiAlilijlictl  lij-  U"'iiy  cunt.icl,  ami  Miflkicnl  f»rtc  i>  cxcitrd  on 
tlic  imcTosiCRU^  lignmriit  to  icitr  it  frnrn  its  nltfti-hnu-nls.  'I'hr  hi-ad  uf  ihc  aslnigalu)'  tlicn 
bunvi  its  coDncctii<n«  wiih  the  scnphuid,  uid  a  4lis|jUc<Mneni  of  the  Tcmainini;  bonn  of  (he 
Inr&us  frutn  the  a>ilra^alu»  attd  llir  bones  or  the  \c^  takes  pli.cc,  cither  in  an  iuwanl  ur  <Hit- 
ward  tli ruction.  I^Icra]  obliijuc^  (lt^{>lacnnenu  irau:4«il  hi  ihi&  way  are  the  mon  common; 
but  very  mrcLy,  ptubnbly  as  n  result  oC  a  flexe<t  or  extended  posiiiun  uf  the  foot,  or  of  direct 
violciuri.-,  a  tnttre  or  leu  anterior  nr  posceritir  one  tnny  take  plarir. 

Fntfiwtuy  of  O^cun-enci'. — In  120/  dislocations  observed  at  St, 
Thomas's  Hospital.  6  subastragaloid  occurred,  a  ratio  of  -49  per  cent. 
Ail  were  of  the  oblique  inward  variety.  In  Kronlein's  statistics  no 
instance  was  noted. 

Causatiott. — Violent  adduction  or  vibduction  due  to  falls  on  the  feet, 
the  latter  bein^;  firmly  i>Linted  on  the  j;round,  or  more  rarely  actually 
fixc<l  mechanically.  With  a  fixed  foot,  violence  applied  laterally  to 
the  It'^  may  act  in  a  similar  manner. 

Symptoms. — In  inward  dislocation  the  fool  is  adductcd  and  rotated 
inward  in  its  fore  part.  The  inner  border  is  raised  and  concave.  Tlic 
head  of  the  astraj^alus  forms  a  prominent  swelling'  on  the  outer  |>art 
of  the  dorsum,  while  the  external  malleolus  is  prominent,  and  beneath 
it  is  a  hollow  correspondinfj  to  the  usual  position  of  the  os  calcis. 
The  internal  malleolus  is  obscured,  while  below  it  the  sustentaculum 
tali  is  prominent,  and  also  the  lower  inner  margin  of  the  o^  calcis 
(Fig.  3171  On  palpation  these  points  can  be  confirmed,  and  the 
articular  cavity  of  the  scaphoid  may  be  traced,  On  manipulation  the 
movements  of  flexion  and  extension  are  allowed  to  a  limited  degree; 


Kia.  317, — tnwanl  iuliaAtraBolold  tU&locadon  (St.  Thomiu'&  Musetun,  Loadoa). 
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adduction-  also  may  be  increased,  but  abduction  is  im|x>.ssible. 
movement  is  very  painful. 

In  outward  dislocation  the  foot  is  abducted,  the  fore  part  externally 
rotated ;  but  the  outer  border  does  not  leave  the  ground,  so  that  an 
ajfpearance  of  flat  ftiot    is  assumed.     The  internal   malleolus  is  very 
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prominent  and  the  skin  tense  over  it.  Anteriorly  the  head  of  the 
astragalus  is  prominent.  On  palpation  the  above  points  can  be  con- 
firmed, the  scaphoid  may  be  felt  on  the  dorsum,  and  along  the  outer 
border  the  margins  of  the  cuboid  and  os  calcis,  and  a  hollow  corre- 
sponding to  the  proper  position  of  the  astragalar  head.  On  manipu- 
lation adduction  is  impossible,  but  some  flexion  and  extension  can  be 
made ;  and  in  the  anterior  section  of  the  foot  there  may  be  some 
abnormal  mobility. 

The  forward  and  backward  displacements  are  very  rare,  and  prob- 
ably result  from  violence  of  the  same  nature  as  that  producing  the 
corresponding  dislocations  of  the  ankle. 

In  the  backward  dislocation  the  foot  is  shortened  and  the  head  of 
the  astragalus  rests  on  the  dorsum  of  the  scaphoid ;  the  heel  is  elpn- 
gated  and  the  tendo  Achillis  prominent.  Some  flexion  and  extension 
are  allowed  at  the  ankle-joint,  but  little  lateral  movement. 

In  the  forward  displacement  the  foot  is  lengthened  and  the  prom- 
inence of  the  heel  abolished ;  movements  of  flexion  and  extension  at 
the  ankle  are  possible. 

Subastragaloid  dislocations  are  often  compound,  and  frequently 
complicated  by  fracture  of  the  neck  of  the  astragalus  and  of  the 
malleoli,  or  the  tearing  off"  of  small  fragments  of  bone  with  the 
detached  ligaments. 

Diagnosis. — Discrimination  of  the  different  varieties  depends  on 
careful  determination  of  the  points  above  detailed ;  but  it  may  be 
repeated  that  the  special  characteristic  of  subastragaloid  dislocations, 
as  compared  with  those  of  the  ankle,  is  the  retention  of  the  proper 
relation  of  the  astragalus  to  the  malleoli,  and  the  possibility  of  passive 
movements  of  flexion  and  extension,  while  adduction  and  abduction 
are  interfered  with. 

Prognosis. — Most  of  these  dislocations  are  reduced  fairly  easily  in 
the  recent  state.  If  left  unreduced,  a  very  unsatisfactory  foot  results. 
In  compound  dislocation  the  prognosis  is  usually  not  very  favorable, 
on  account  of  the  contusion  and  laceration  and  the  difficulty  of  pro- 
ducing and  maintaining  asepticity. 

Treatment. — Reduction  is  best  effected  by  inducing  anesthesia  and 
then  flexing  the  leg  on  the  thigh,  the  thigh  being  held  by  an  assistant, 
who  makes  counterextension,  while  the  surgeon  makes  traction  on  the 
displaced  foot  and  endeavors  to  manipulate  it  into  position.  Tenotomy 
of  the  tendo  Achillis  may  be  necessary.  When  reduced,  the  foot  must 
be  put  up  in  plaster  of  Paris  and  be  kept  at  rest  for  at  least  six  weeks. 
If  reduction  proves  impossible,  the  foot  should  be  kept  at  rest  for  a 
few  days  to  allow  of  settling  down  of  the  damaged  structures,  and  the 
astragalus  may  then  be  partially  or  wholly  removed. 

In  this,  as  in  most  compound  dislocations  of  the  foot,  the  use  of 
antiseptic  baths  cannot  be  too  highly  recommended  ;  and  as  a  pre- 
liminary to  this  treatment  it  is  well  to  suture  the  displaced  bones 
together,  so  as  to  be  more  or  less  free  as  to  splints  in  the  movements 
necessary  to  tlie  periodic  removal  of  the  foot  from  the  bath.  The  need 
for  care  in  ensuring  that  no  injurious  prcs.sure  shall  be  made  on  the 
leg,  and  in  not  allowing  the  tissues  to  become  sodden  by  a  too  long 
stay  in  the  bath,  need  only  be  mentioned. 
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Dislocations  ol  the  Astragalus. — The  sheltered  position  of  the 
aslrajTahis  makes  it  strange  that  it  should  be  the  bone  of  the  tarsus 
most  commonly  dislocated.  This  accident  is  said  to  occur  more  fre- 
quently than  even  subastraj^aloid  dislocation.  The  explanation  is  no 
doubt  found  in  the  fact  tliat  the  bone  receives  directly  the  whole  trans- 
milted  weight  of  the  trunk,  to  disperse  it  forward  and  backward  to  the 
remainder  of  the  tarsus. 

Frtqutncy  of  Occurrence. — In  1207  dislocati<]ns  nf  jdl  joints  al  SL 
Thomas's  Hospital,  3  of  the  astraf^alus  were  observed,  or  .24  per  cent. 
No  instance  occurs  in  Kronlein's  scries. 

Causafimi  and  OassiJictUion, —  The  actual  mode  of  causation  of 
these  dislocations  is  far  from  clear.  It  would  naturally  be  expected 
that  the  violence  producing  them  would  correspond  with  that  produc- 
ing the  sagittal  dislocations  of  the  whole  tarsus  at  the  ankle — that  is, 
hyi>crextension  in  backward,  hypcrflexion  in  forward,  displacements. 
Recorded  liistories,  however,  do  not  altogether  support  this  theory, 
since,  for  instance,  forward  dislocation  has  been  ob.scrved  to  occur 
with  a  history  of  cither  extension  or  Hexion.  This  may  depend  in 
part  on  the  fact  that  exact  histories  of  an  accident  caused  by  sudden 
and  great  violence  are  seldom  altogether  reliable,  but  more  probably 
on  the  nature  of  the  violence  exerted,  which  is  seldom  simple  in  direc- 
tion, but  often  combined  with  severe  twisting  and  wrenching. 

The  bone  may  be  displaced  either  back\vard  or  forward ;  but  in 
cither  case  a  lateral  direction  is  assumed,  usually  combined  with  some 
rotation.  Thus,  we  have  forward  and  inward,  forward  and  outward, 
backward  and  inward,  and  backward  and  outward  varieties.  The  lat- 
eral deviation  is  determined  by  the  ])osi(ion  of  the  f«»»t  at  the  moment 
of  injurj-;  If  abtlucted,  the  inclination  of  the  astragalus  is  inward;  if 
adducted.  outward.  Displacement  may  be  complete  or  incomplete,  and 
is  often  complicated  by  fracture  of  the  neck  of  the  bone. 

The  most  striking  variety  is  the  pure  rotatory.  Here  the  astrag- 
alus is  rotated  so  as  lo  lie  on  one  side  or  the  other ;  or  it  may  even  be 
completely  reversctl,  so  that  the  under  surface  is  directed  toward  the 
tibia.  It  n»ay  take  a  horizontal  po^i^inn  across  the  front  of  the  m;d- 
Icolar  arch.  These  versions  probably  depend  on  the  fact  that  the 
primary  injury  is  a  severe  wrench  or  twist,  in  which  the  astragalus 
first  loses  its  connection  to  the  bones  of  the  leg  and  accompanies  the 
rest  of  the  tarsus,  from  which  it  is  then  separated  by  ihc  final  pressure 
of  the  weight  of  the  body.  On  the  cessation  of  the  violence,  the 
tendency  of  llie  fool  is  to  resume  its  normal  position.  The  remaining 
bones  of  the  fool  readily  do  this,  the  holtow  upper  surface  of  the  os 
calcis  turning  on  the  displaced  and  free  astragalus.  The  somewhat 
angular  astragalus,  however,  cannot  so  readily  turn  in  its  confined 
space,  and  hence  remains  rotated;  or  the  rotation  may  be  increased  or 
completed  by  the  passage  of  the  os  calcis  to  the  median  line  lieneath 
it.  Again,  supjwsing  a  twist  severe  enough  lo  bring  the  astragalus 
forward  out  of  the  tibiofibular  arch,  and  then  the  weight  of  the  body 
to  complete  its  scjwration,  as  the  violence  is  relinquished,  the  foot 
tends  to  resume  its  ixjsition.  while  the  astragalus  probably  hitches 
against  one  of  the  malleoli,  and  thus  its  transverse  direction  is  made 
more  pronounced  and  pennanent. 
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Pure  lateral  displacements  have  been  tlcscribcd,  but  always  in  cases 
of  a  compound  nature,  and  usually  ni  conibiiiatimi  with  fracture  of  a 
malleolus.  When  the  intcrosscc^us  ligament  is  completely  torn  from 
tile  astrayalus,  [[le  main  nutrient  vessels  which  enter  by  the  floor  of 
the  groove  are  all  t<tni ;  hence  the  frequent  occurrence  of  necrosis. 

Symptoms. — In  forward  displaccmciil  the  astragalus  forms  a  marked 
projection  on  the  dorsum  of  the  foot,  cither  to  the  inner  or  outer  side, 
according  to  the  lateral  direction  which  il  has  taken.  The  prominence 
resembles  in  outline  the  head  of  the  astrajj^ihw,  and  the  skin  is  leiise 
aiid  shininj'  over  it.  The  iiialienii  are  appnixiniatcd  lo  the  mar};;in  nf 
the  snle.  Tlie  fodt  is  denectetl  to  the  npptisile  direction  to  that  taken 
by  the  head;  the  correspondinfj  malleolus  is  prominent,  the  other 
sunken.  On  jialiKition  the  trochlea,  or  part  of  it,  can  be  felt,  as  well 
as  the  outline  of  the  head.     If  the  dislocation  is  complete,  the  head 


FIG.  3 1 fl.— Forward  luid  outward  dt^luc-anuD  ol  ihe  iu.ir.iKnlus  (St  Tlionuu's 
MiiM-iim.  l»ndun|. 

rests  on  the  cuneiform  bones ;  if  incomplete,  on  either  the  inner  or 
outer  part  of  the  dorsum  of  the  .sciphoid,  the  posterior  extremity  of 
the  bone  still  lying  beneath  the  malleolar  arch.  On  manipulation  all 
movement  of  flexion  and  extension  at  the  ankle  is  impossible  (Fig.s. 
3 '8.  319). 

In  backward  displacement  the  foot  is  extended,  the  distance  between 
the  malleoli  and  the  sole  is  diminished,  and  a  projection  may  be  present, 
pushing  the  tendo  Achillis  backward,  or  situated  on  one  side  of  it  fir 
the  other,  accortlinjj  to  the  direction  taken  by  the  asiraRalus.  In  the 
oblique  lateral  displacements  the  skin  may  be  vcrj'  tightly  stretched 
over  this.  The  tibia  is  thrown  somewhat  forward,  so  that  llie  dorsum 
of  the  foot  is  strengthened.  On  |>at|iation,  the  outline  of  the  astrag- 
alus can  be  made  out.  but  the  head  i.s  usually  buried  beneath  the  tibia. 
A  hollow  is  to  be  felt  between  the  malleoli  anteriorly.  The  Itone  is 
often  displaced,  so  that  it.s  upper  articular  surface  looks  backward  with 
a  lateral  deviation,  especially  when  the  neck  has  been  fractured  On 
manipulation,  there  is  no  movement  in  the  anklc-joinL 


In  rotntor>'  displactrttients  inspection  oflcrs  no  dcfimte  signs;  the 
diagnosis  is  one,  therefore,  of  exclusion,  aidtrd  by  careful  palpation  for 
the  outline  of  the  astragalus.  On  manipulation,  tlicre  is  little  move- 
ment at  the  ankle-joint. 

Diagnosis. — The  main  points  are  the  prominent  position  of  the  dis- 
placed bone,  the  outhne  of  which  may  be  traced  on  palpation,  the  loss 
of  the  projXT  relation  of  thL-  points  of  the  malleoli  to  tliu  astragalus 
and  the  sole  of  the  foot,  and  abolition  of  the  movements  of  flexion  and 
extension  at  the  aiikle. 

/^o^iosis. — Complete  separation  of  the  astragalus  from  its  connec- 
tions may  be  followed  by  slouching  of  the  skin,  especially  in  the  for- 


Tva.  319.— Backward  and  kiiwiiril  ilislocaiion  at  the  a&tracatiu,  which  ha»  assumed  *  vertical 
posillon  (Sir  W.  MacCormflc  *  caic). 


ward  variet>'.  In  the  backward  the  bone  finds  more  room  in  which  to 
accommodate  itself,  and  tension  is  not  so  extreme.  It  should  be  borne 
in  mind  that  when  complete  laceration  of  the  interosseous  ligament  has 
taken  place,  the  whole  of  the  vascular  supply  of  (he  bone  has  been  cut 
off;  hence,  necrosis  is  not  uncommon.  In  the  backward  dislocations, 
the  foot  is  sometimes  fairly  useful,  even  if  the  bone  be  not  reduced; 
but  in  the  forw  ard  dislocations,  the  prominent  bone  on  the  dorsum  is 
so  painful  and  liable  to  injurious  compression  that  tlie  foot  is  often 
practically  uscles.s. 

Trt't7tmt-Ht. — When  the  dislocations  are  simple  and  incomplete, 
attempts  at  reduction  are  alwajs  to  be  made,  and  they  arc  usually 
successful.  Reduction  is  efiected  by  first  flexing  the  leg  on  the  thigh 
to  relax  the  tendo  Achillis.  traction  is  then  made  on  the  foot,  and 
direct  pressure  o\\  the  asiragalu.t.  If  necessar>\  the  tendo  Achillis 
may  be  divided.  The  after-treatment  is  the  same  as  that  for  sub- 
astragalold  dislocation.  When  complete,  if  not  readily  reducible, 
resection  of  the  bone  is  preferable ;  and  this  is  almost  without  cxcc]>- 
tion  the  best  course  to  pursue  when  the  dislocation  U  compound. 

Dislocation  of  the  Other  Tarsal  Bonex. — The  os  calctt  has  been 
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rarely  dislocated  alone,  generally  as  the  result  of  fixation  of  the  heel 
in  falls ;  the  cuboid  still  more  rarely,  as  a  result  of  direct  violence. 
The  scaphoid  occasionally  remains  attached  to  the  astragalus  and  sepa- 
rated from  the  cuneiform  bones  when  the  astragalus  is  displaced.  It  has 
also  been  displaced  with  the  three  cuneiform  bones,  or  again  with  the 
addition  of  the  two  inner  metatarsal  bones.  The  internal  cuneiform 
alone,  or  the  three  combined,  have  also  been  displaced.  All  these  dis- 
locations are  due  to  direct  violence,  usually  combined  with  twisting  of 
the  foot. 

Symptoms. — In  all,  the  displaced  bone  forms  an  abnormal  dorsal 
prominence,  and  in  the  case  of  all  except  the  os  calcis  the  foot  is 
shortened,  at  any  rate  on  the  affected  side.  If  left  unreduced,  a  weak- 
ened and  often  painful  foot  is  left.  A  general  rule  serves  for  the 
reduction  of  them  all :  The  foot  should  be  extended,  and  direct  press- 
ure made  on  the  displaced  bone.  The  after-treatment  consists  in 
fixation  for  at  least  six  weeks,  and  possibly  a  permanent  support  to 
the  sole.     If  reduction  is  impossible,  single  bones  are  best  resected 

Metatarsus. — The  fixation  of  the  second  metatarsal  bone  in  the 
tarsus  makes  displacement  of  the  whole  series  almost  impossible, 
unless  either  the  second  bone  is  fractured  or  the  cuneiform  bones  are 
disturbed.  The  entire  metatarsus  is  occasionally  displaced,  either  on 
to  the  dorsal  or  plantar  aspect  of  the  tarsus,  and  with  one  or  other  of 
the  above  complications  in  an  inward  or  outward  direction. 

Symptoms. — When  backward  dislocation  occurs,  the  foot  is  short- 
ened, and  a  prominence,  with  a  groove  either  before  or  behind  it,  is  seen 
in  the  plantar  and  dorsal  displacements.  The  foot  is  usually  somewhat 
adducted,  and  the  hollow  of  the  sole  is  flattened. 

Lateral  displacements  are  always  accompanied  either  by  fracture  of 
the  second  bone,  or  displacement  of  the  internal  cuneiform,  when  the 
bones  pass  inward.  There  is  no  shortening  of  the  foot,  but  some 
adduction  or  abduction,  according  as  the  displacement  is  inward  or 
outward.  Reduction  is  usually  not  difficult,  but  considerable  weakness 
persists,  especially  in  the  lateral  displacements.  The  foot  should  there- 
fore be  kept  in  a  plaster-of-Paris  case  for  at  least  six  or  eight  weeks, 
and  a  support  for  the  arch,  preferably  a  Whitman's  brace,  may  be 
needed  permanently.  Compound  dislocations  of  these  joints  are  very 
uncommon.  The  first  or  fifth  bone  may  be  displaced  individually,  or 
groups,  such  as  the  fourth  and  fifth,  the  third  and  fourth,  or  the  second, 
third,  and  fourth. 

Metatarsophalangeal  and  Interphalangeal  Joints. — None  of  these 
displacements  is  common,  3  cases  are  recorded  in  the  series  of  1207. 
or  .24  per  cent.,  observed  at  St.  Thomas's  Hospital.  The  rarity  de- 
pends on  the  shortness  of  the  digits  and  their  protection  by  the  shoes. 
The  commonest  displacement  is  that  of  the  metatarsophalangeal  joint 
of  the  great  toe ;  and  this  corresponds  In  all  respects,  even  in  diffi- 
culty of  reduction,  with  the  corresponding  dislocation  of  the  thumb. 
Those  of  the  interphalangeal  joints  also  resemble  those  of  the  fingers. 
A  good  illustration  of  the  plantar  variety  is  often  seen  in  the  common 
deformity  of  hammer-toe.  The  mode  of  reduction  differs  in  no  way 
from  that  recommended  for  similar  injuries  to  the  hand. 


CHAPTER   XVIII. 
DISLOCATIONS  OF  THE  HIP. 

Anatomy. — A  correct  understanding  of  the  anatomy  of  the  hip- 
Joint  is  essential  to  the  recognition  and  reduction  of  the  various 
forms  of  dislocations  to  which  it  is  subject.  All  advances  in  our 
knowledge  of  these  dislocations  since  Hippocrates  have  been  almost 
entirely  due  to  a  clearer  recognition  of  the  bearing  of  the  anatomical 
structure  upon  the  mechanism  of  reduction. 

At  the  point  of  meclinj;  of  three  strong  buttresses,  the  ilium,  the 
ischium,  and  the  pubis,  the  firm,  rigid,  cup-like  acetabular  cavity 
receives  the  globular  head  of  the  femur.  It  lies  between  two  irregular 
bony  surfaces  produced  by  a  bend  in  the  innominate  bone,  meeting  at 
an  angle  of  about  90  degrees  the  iho-ischiaticaiid  pubo-Jschiatic  surfaces, 
which  have  been  termed  by  Allis  the  outer  and  inner  planes  of  the 
pelvi.s.  The  dividing  ridge  between  these  two  planes  is  marked  by  a 
line  drawn  from  the  anterior  superior  spine  of  the  ilium  through  the 
tuberosity  of  the  ischium  (Fig.  320). 
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Ftc.  33o.^Ouief  und  Inner  pl.tnei  of  ihe  pelvii  <Allit). 

In  all  dislocations  of  the  femur  the  head  will  escape  through  a  rent 
in  the  lower  portion  of  the  capsule,  the  strong  anterior  portion  remain- 
ing to  serve  as  an  important  agent  in  the  determination  of  the  signs  of 
dislocation  and  as  an  aid  to  reduction. 

Having  escaped  from  the  capsule,  the  head  slips  off  the  ridge  upon 
either  the  inner  or  outer  plane,  according  to  the  resultant  of  the  forces 
produdng  the  dislocation ;  and  upon  this  basis  is  made  the  rational 
classification  of  dislocations  into  inward  and  outward. 

The  opuilr,  wliich  ariws  from  ihr  enlitc  cimunfcrriKV  of  ihr  acetatniUr  rim  whrre  it 
is  thickest,  is  aiuchctl  to  the  nnlrrior  intertrochAniefic  line  in  froot,  and  to  the  neck  of  the 
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feinur,  above  th?  p»Ht<'Hnr  inlennichanreriir  line,  l»^hin<l.  Altlmtigh  >trnng,  it  i«  v>  loose  Am 
it  allows  all  ordiiuiry  movctncnu  of  tlic  joint  withuul  bctutnLng  icoK,  mid  hence  playi  nu 
pari  In  h»li)i(i^  the  joint  siiifacps  uiKether. 

The  aceWbular  sockci  l«  dcrppnrd  by  ih*  cotyloid  ligmnent.  a  Arm,  cImMic  canibcc 
which  coiwiis  iiA  bony  rirn,  romiitiK  an  vlastii:  instead  of  a  fi^id  cu&ltion  ■□  check  too  Cm 
Diniion  of  the  fcmnr,  and  which,  n-*  It  litt  air  liEht  to  ihr  glnhiilar  head,  cnnnilutc^i  a  ncket, 
enabhiig  atinoAphcnc  |jre«*ure  to  rnainlaia  (lie  iiil^tily  ut  ihe  joint,  'flie  bony  Mulmcc*  are 
not,  however,  heW  lo[jethcT  by  iiinw>''ijheric  jjrcswre  iilnne,  for  thr  insert  ton  *  of  the  glaieu* 
mittirou*.  iliacun,  aiid  psiMS  niaifiius  iiiui>cIl-^  arc  micU  as  lo  enable  thciu  lu  aid  in  making 
tcD.se  the  capsule  and  ftinnt;  '^nutity  lo  tlie  joint. 

Tlic  iif;ain«nluni  li;re«.  :i  rjuiidt-d  curtl  <.-uvtrTed  by  synovial  menitiratie,  which  nina  fram 
the  depri^ssion  in  the  bead  of  ihc  fcmui  lo  the  dome  and  IraninrcTM;  ligament  of  the  aceub- 
aluni,  and  to  which  *o  many  rari*d  functions  have  been  ascribed,  i?  now  believed  i  Alti>| 
to  be  only  a  distributer  of  srnoTin  to  tlte  dome  of  die  joint,  which  would  othcrwiac  be 
poorly  provided  with  lubriifiting  fluid.  It  \s  too  soft  and  vieldinf;  lo  serre  as  a  true  liga- 
menl,  and  in  dislocations  in  tEcncrally  ttrrn,  tiaually  from  Vat  bead  of  the  femur,  aod  uflea 
brinpng  away  a  chip  of  periosteum  with  it. 
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The  capsule,  which  extends  like  a  sleeve  from  the  rim  of  the  ace- 
tabulum to  its  in.sertion  into  the  neck  of  the  femur,  as  above  described, 
serves  {i)to  restrain  the  movements  of  the  femur  within  safe  limits; 
(2J  to  furnish  surface  for  muscular  attachments  ;  and  (3}  to  form  a  tight 
sac  to  retain  the  synovia  which  its  inner  surface  secretes.  It  presents 
three  thickenings,  the  first  and  most  important  of  which,  the  iliofemoral 
or  Y-ligament  (Fig.  321),  arises  from  tfie  anterior  inferior  spine  of  the 

ilitim  and  is  inserted  into  the  anterior 
intertrochanteric  line  of  the  femur,  the 
thickest  portions  of  the  insertion  spread- 
ing to  the  upper  and  lower  ends  of  the 
line  into  which  it  is  inserted,  like  the 
arms  of  a  Y.  Its  importance  in  the 
mechanism  of  dislocations  and  their 
reduction  was  first  elucidated  by  liigc- 
low,  and  subsequent  observers  havx 
been  compelled  to  bear  witness  to  the 
accuracy  of  his  observations. 

Other  thickenings  of  less  importance 
in  dislocations  and  their  reduction  are 
the  ischiofemoral  ligament  and  the  pubo- 
femoral ligament.  The  former  passes 
from  the  ischial  portion  of  the  acetab- 
ular rim  on  the  back  of  the  joint  lo  the 
posterior  surface  of  the  neck  of  the 
femur  and  the  posterior  intertroclwii- 
teric  line.  The  latter  arises  from  the 
L   j|A  pectineal  line  as  far  inward  as  the  spine 

I  ^jk  of    the  pubis,  and   passes  outward  to 

1^  blend  with  the  capsule,  being  cuntinu- 

Fiii.  jH.— The  v-iipiment  (Bigeiow).     qus  at  its   edge   With   the    iliofemonil 

ligament 
The  fact  that  tlie  ca|)sule  is  thickest  at  its  pelvic  attachment  gives 
it  strength  at  the  point  where  tlie  tension  must  be  greatest  when  the 
head  of  the  femur  is  pressed  against  it  in  a  dislocating  strain.  Close 
to  the  pelvic  attachment  the  head  will  impinge  upon  it.  and  it  is  here, 
therefore,  that  its  thickness  gives  it  greatest  resisting  power.    The 
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thickening  of  ihc  inner  and  outer  branches  of  the  Y  and  ischiofemoral 
ligaments  takes  place  at  the  points  where  greatest  strain  is  brought  to 
bear  upon  them  in  circumdiiction  of  the  joint,  the  strength  being  in 
proportion  to  the  resistance  required. 

Thr  fniwinl  vrurlt  arc  nirrly  injured  in  iliKlnrittinni.  'I'hr  rraviis  nrr — first,  llial  thry 
lie  on  Ihc  upper  surface  >ii  the  joim.  and  <lisloc«lioas  *re  invanaWy  at  first  downward ; 
M^iitd,  lliry  arr  Me]in™inl  fntni  ihe  juirl  l)y  llir  prrtinnts  kihI  iliopwiiK  muscles,  which  con- 
imcl  and  lifl  ihcm  oni  of  ihr  way  of  ihc  rliiKicnlcd  head. 

The  foKia  IbU,  while  it  play»  no  active  pun  in  the  mecbanism  either  of  diilocatioiu  of 
iJic  hip  or  of  ihcir  rcdyction.  has  an  itnixirtant  Tunction  in  hoJdir([  the  head  in  its  iioclict 
after  reduction.  In  nunnal  dorsal  rctuinbeiKy  the  iLivlibial  band,  extending  a»  a  browl. 
unvitldinR  bell  fratn  the  crc^i  of  the  ilium  to  the  outer  side  of  the  head  of  the  lihia.  limits 
The  outward  rotation  of  the  leg  produced  by  gravity.  When  the  heels  of  the  poticnl  are 
lied  together  after  the  reduction  of  &  di^iucalion,  the  ilintihial  haitd  n  stretched  ti(:btl7 
acro»a  ibe  great  iioehanler  and  holdi  (he  head  of  lh«  femur  firmly  agatnat  the  tocicet 

When  the  fetnur  is  flexed  upon  the  pelvis,  the  sdatic  nerve  and 
hamstring  muscles  arc  wound  across  the  back  of  the  htp-joint;  and 
if  at  the  same  time  the  leg  is  extended  upon  the  thigh,  thus  separating 
the  origin  and  insertion  of  these  muscles.  Ihey,  with  the  sciatic  ner^'e, 
are  tightly  stretched  across  the  hack  of  the  neck  of  the  femur.  It  is 
in  the  position  of  flexion  of  the  joint  that  dislocations  of  the  hip  take 
place  and  are  reduced,  and  it  is  only  within  the  last  few  years  that 
attention  has  been  called  to  the  importance  of  the  relations  of  the 
ner\'e  and  muscles  to  these  dislocations  and  their  reduction.  Allis 
has  shown  experimentally  that  when  a  thyroid  is  transformed  into 
a  dorsal  dislocation,  the  head  of  the 
femur  must  pass  between  the  ham- 
string muscles  with  the  sciatic  ncr\'e 
and  the  acetabulum,  and  that  the 
nerve  is  almost  always  more  or 
less  bruised  and  lorn  away  from  its 
attachment  to  the  hatnstring  ti-iulon, 
and  sonn'times  caught  and  forced 
backward  by  the  neck  of  the  femur 
(Fig.  322).  If  the  ncr\e  has  been 
so  .separated  from  the  hamstrings, 
it  dangles  as  a  lot»se  cord  across 
the  ojicncd  acetabulum;  and,  if 
in  the  reduction  of  the  dislocation, 
which  ha*  now  become  dorsal,  a 
long  circumduclivc  sweep  is  em- 
ployed, and  especially  if  the  leg 
Ix'  .so  extended  on  the  thigh  as  to 
tighten  the  nerve,  there  is  ilanger 
that  the  nerve  may  be  actually 
caught  up  and  stretched  over  the 
front  of  the  neck  of  the  femur.  Il 
is  tlien  so  shortened  that  fidl  exten- 
sion of  the  thigii  cannot  be  made.  This  condition  has  been  produced 
cxpcrimentallv  by  Allis  and  verified  by  the  writers.  Il  has  been  noted 
clinically  by  Allis  in  a  case  under  the  care  of  Koons  of  Philadelphia 
(Figs-  323.  334). 


FliT.  333  —  Rclaiion  of  hvad  urKt  neck 
of  lemur  to  hanKtrmg  miuclcs  and  icutic 
nctv*  in  ihyrotd  dMiocatlun  (Allia). 


Pig.  3*1.— Sclxtlc  nerve  pii.-!>>riJ  ti)i  ti^r  neck  of  frrnur  In  Tedadion  of  a  donnl  diilocatioD  pto- 

liuccd  from  »  thyroid  (Allis). 

•utojxiie*  (tnd  in  expeniii«n(al  work,  even  when  (he  head  of  the  femur  had  •  tow  poaitUn, 
ihat  AUis  is  iacliaed  to  ucnb«  Icm  tmpoitance  to  it  in  determining  the  cbanctcx  oT  a  div- 
ines i  inn. 

Classification. — Allis's  classiRcation,  based  upon  the  fundamental 
distinction  between  inward  and  outward  dislocation,  according  as  the 
head  rests  upon  the  inner  or  outer  plane  of  the  pelvis,  is  rational  and 
simple.  All  the  forms  eniimerated  by  Bigclow — pubic,  subspin<HJs. 
dorsal  below  the  tendon,  etc. — can,  as  Allis  has  shown,  be  brought 
under  the  heading  of  the  inward  or  thyroid  and  outward  or  dorsal  tlis- 
locitions.  The  head  tnay  assume  a  high  or  low  position  ai>er  it  has 
passed  out  upon  the  inner  or  outer  plane  of  the  pelvis.  A  brief  com- 
parative study  of  the  two  classifications  will  illustrate  the  coroparative 
simplicity  of  AlHs's  method  (sec  page  663). 

Bigelow's  "  dorsal  below  the  tendon  "  becomes  the  '*  low  dorsal  of 
Allis,"  his  "  pubic  and  subspinous  "  the  "  high  thyroid."  It  is  evident 
that  after  its  escape  from  the  capsule,  the  head  of  the  femur  may,  under 
the  influence  of  the  forces  which  are  effective  in  each  particular  ca.se, 
come  to  rest  at  any  position  uithin  the  radius  allowed  by  the  distance 
from  the  origin  of  the  untorn  part  of  the  capsule  to  the  femoral  head. 


BiOKLOWs  Classificatiok, 

I.  Domlhigh. 

a.  Onrsnl  bcli>w  ilic  tcndun. 

3.  Thyroid. 

4.  Pubic  aiid  mb(|>itK)US. 

5.  Anterior  oblique. 

6.  SupntspiniiUK. 

7.  Evened  dona]. 


AlukS  CLASSinCATIOH. 
I.  Thyroid  or  inward. 
a.  how. 

d.  Middle. 

e.  High. 

rf.  RcrcrtwL 
3.  Dorsal  or  outward. 
a.   I^w. 


r. 


High. 
Revened. 


"  Everted  dorsal "  and  supraspinous  dislocations  are  simply  dorsal 
ilislocations  in  which  the  outer  branch  of  the  Y-liganient  is  ruptured, 
aUt>tting  in  the  former  case  evcrsion  of  the  leg  and  foot,  and  in  the 
other  allowing  the  head  of  the  bone  to  move  upward  and  hook  over 
the  intact  portion  o^  the  ligament,  with  the  foot  everted.  These  both 
are  included  in  AIIi.s's  more  accurate  term  "  reversed  dorsal." 

The  anterior  obUquc  dislocation  of  Bigclow  is  probably  an  everted 
dorsal  dislocation,  in  which  the  outer  branch  of  the  Y-ligament,  unrupt- 
ured, engages  the  femoral  head  which  has  passed  above  it,  and  pre- 
vents the   leg  from   being    brought   parallel    with   its  fellow. 

MechfiJlistC. — The  older  writers  on  the  subject,  up  to  and  including 
Bigeliiw,  have  held  that  the  chief  agent  in  the  production  of  disloca- 
tions of  the  hip  was  thrust — thrust  backward,  or  backward  and  upward 
with  the  thigh  flexed  in  dorsal  dislocations,  thrust  inward  with  the 
thigh  abducted  and  extended  in  thyroid  dislocations.  This  thcorj'  of 
the  mechanism  was  perhaps  the  result  of  a  superficial  view,  suggested 
by  the  rciturc  of  the  accidents  by  which  dislocations  are  commonly  pro- 
duced. Such  accidents  as  the  catching  of  the  flexed  femur  between  two 
freight  cars,  a  fall  into  a  narrow  hole  upon  the  extended  leg  while  walking. 
etc.,  certainly  suggest  thrust  as  an  important  element  of  their  production. 

Allis  alludes  to  the  fact  that  no  experimenter  has  ever  been  able  to 
produce  dislocation  of  the  hip-joint  in  the  cadaver  without  previous 
tenotomy  of  the  capsule,  and  gives  methods  by  which  both  the  thyroid 
and  dorsal  dislocations  may  be  produced  experimentally  by  leverage. 
The  femur  is  the  lever  and  the  pelvis  the  fulcrum.  In  previous  experi- 
ments leverage  has  failed  to  produce  dislocations,  owing  to  imperfect 
fixation  of  the  pelvis.  In  the  production  of  traumatic  dislocations  in 
actual  life,  which  all  lake  place  in  accidents  where  great  force  and  sud- 
denness arc  combintd.  the  inertia  of  the  body  under  the  influence  of 
the  sudden  twist  fixes  (he  fulcrum — the  pelvis.  In  order,  then,  to 
imitate  nature  in  experinicnlal  work,  it 
i.s  necessarj'  to  fix  the  pelvis  so  that  it 
may  ser\'e  as  a  fulcrum.  This  Allis  did 
by  means  of  screws  and  cross-bars. 
He  found : 

I.  That  thyroid  dislocations  might 
be  produced  without  previous  tenotomy 
of  the  capsule,  simply  by  hj-jserabduc- 
tion  of  the  thigh  on  the  pelvis.  The 
great  trochanter  is  brought  against  the 
outer  part  of  the  acetabular  rim,  which 
offers  a  bony  fulcrum,  and  the  head  of  the  femur  is  pried  with  almost 


■ierttn. 


rid.  3a5  — Thyroid  dislMftiton  by 
byperabducUoR  tAllis) 


664  INTERNATIONAL    TEXT-BOOK  OF  SURGERY. 

irresistible  force  through  the  lower  and  inner  portion  of  the  capsule 

(Fig-  325). 

(Bigelow '  alludes  to  abduction  as  entering  into  the  causation  of  this 

variety.) 

2.  That  dorsal  dislocations  may  be  produced,  if  the  pelvis  is  fixed. 

by  flexion  of  the  thigh,  adduction,  and  rotation  inward,  using  the  leg 

bent  at  the  knee  as  a  crank  for  the  production  of  rotation.     By  this 

maneuver  the  iliofemoral  ligament  is  wound  tightly  around  the  front  of 

the  neck  of  the  femur,  and  serves  as  a  fulcrum.     The  head  of  the 

femur,  rotated  against  this  fulcrum  stretched  across  the  neck,  with  the 

great  leverage  supplied  by  the  use  of  the  bent  leg  as  a  crank,  is  forced 

outward  through  the  tense  posterior  portion  of  the  capsule,  provided 

that,  as  sometimes  happens,  the  ligaments  of  the  knee  do  not  give  way 

under  the  strain. 

Attempts  to  dislocate  the  femur  by  flexion,  abduction,  and  rotation  outward — namely,  by 
using  the  bent  leg  as  a  lever  and  turning  it  inward — ^have  in  the  hands  of  Allis  proved  uni- 
fonnly  unsuccessful.  The  pelvis,  the  ligaments  of  the  knee,  or  the  femur  itself  may  be 
fractured  ;  but  the  head  of  the  femur,  which  is  brought  directly  against  the  strong  anterior 
portion  of  the  capsule,  re-enforced  by  the  Y-ligament,  cannot  be  forced  through  that 
structure. 

Allis's  explanation  of  the  manner  in  which  leverage  may  be  shown 
to  explain  the  typical  accidents  resulting  in  dislocation  of  the  hip,  is  as 
follows : 

The  first  case  is  that  of  a  man  who,  while  walking,  steps  into  a  long, 
narrow  hole,  and  falls  forward  upon  his  extended  leg.  These  condi- 
tions first  suggest  thrust ;  but  a  consideration  of  the  conditions  illus- 
trated by  Figs.  327,  328,  will  show  that  the  force  of  the  straightened  leg, 
acting  upon  the  inner  right-hand  corner  of  the  trunk  as  it  falls  for- 
ward, must  push  the  capsule  of  the  hip  upward,  backward,  and  out- 
ward— in  other  words,  must  produce  an  extremely  rapid  and  forcible 
flexion,  adduction,  and  inward  rotation.  Thus,  the  most  advantageous 
conditions  for  the  production  of  dorsal  dislocation  by  leverage  are 
produced. 

The  second  case  is  that  of  a  tramp  sitting  upon  the  narrow  foot-wide  platTorm  at  the 
rear  end  of  n  freight  car,  with  his  left  femur  extended  and  resting  upon  a  similar  platform 
of  the  following  car.  The  cars  come  together  as  the  train  slows  up,  and  his  left  femur  is 
dislocated  upon  the  dorsum  ilii.  Here  it  is  easy  to  see  that  the  force  explodes  suddenly 
upon  the  lei^thand  comer  of  the  pelvis,  causing  flexion,  adduction,  and  rotation  inward 
(Figs,  326-328). 

A  man  shovulling  ballast  in  the  hold  of  a  ship,  standing  with  his  feet  between  the  ribs, 
and  stooping,  is  struck  upon  the  back  and  pelvis  by  a  cave-in  from  above.  A  dislocation  of 
both  femurs  is  produced,  one  outward  and  the  other  inward.  Here  the  body  is  flexed  upon 
the  ihijjhs,  and  the  fixation  is  at  the  same  time  suddenly  increased  by  the  weight  falling  from 
above  ;  but  if  the  bixly  rotate  either  to  one  side  or  the  other,  the  legs  remaining  ptarallel, 
(hen  in  one  thifjh  flexion,  adduction,  and  rotation  inward  are  produced,  with  flexion,  abduc- 
tion, an<l  rotation  outward  in  the  other.  In  this  way  a  dorsal  dislocation  of  one  hip  and  a 
thyroid  of  the  other  will  he  the  result. 

These  typical  cases,  then,  may  be  so  explained  as  to  support  the 
theory  of  Allis,  that  all  traumatic  dislocations  unaccompanied  by  fract- 
ure are  the  result  of  leverage. 

Pathology. — The  importance  of  the  almost  uniform  escape  from 
rupture  of  the  iliofemoral  ligament  in  dislocations  of  the  hip  was 
established  by  Bigelow  and  confirmed  by  all  subsequent  writers ;  but 

*  Dis/ocations  of  the  Hip,  p.  70. 


the  view  oF  this  author  that  the  hcati  of  the  ft-niur  frequently  escaped 
through  a  narrow  opening  or  slit  in  the  aipsulc,  which  might  require 
special  manipulations  in  order  that  it  might  be  made  to  gape  so  as  to 
allow  the  return  of  the  head,  has  not  been  confirmed.  The  results  of 
autopsies  and  the  experimental  work  of  Morris  and  AUi.s  have  shortTi 
that  the  head  of  the  femur,  in  escaping  through  the  capsule,  always 
makes  a  rent  ample  for  its  return.     The  reasons  for  this  are  the  inelas- 


Fic  jab.— niu&ciu ting  the  tnechiinlsiit  of  case  a  (AIUs), 


7ia.  3X7.~T)\Mgnm  flhistntinff  eases  i  and  2  (Altisj. 


Vvt.  jat. — Dlngnim  illutimtng  cittrs  t  and  3  (All)i). 

tic  character  of  the  fibers  of  (he  capsule,  the  spherical  shape  of  the 
head  of  the  femur,  and  the  explosive  character  of  it."*  rupture.  The 
buttonholin<r  of  the  head  by  the  capsule  is,  then,  only  an  imaginary 
obstacle  to  reduction. 

A  condition  which  is  of  the  greatest  practical  importance  (AlHs), 
however,  is  the  position  of  tlie  rent  in  the  capsule.  This  rent  may  be 
(l)  at  the  pelvic  attachment  of  the  capsule,  (2)  obliquely  situated 
between  the  pelvic  and  femoral  attachments,  or  (3)  close  to  the  femoral 
insertion  of  the  capsule,  so  that  it  is  detached  like  a  sleeve  or  cuflT 
extending  from  the  rim  of  the  acetabulum.     The  accompanying  figures 
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(Figs.  329-351)  illustrate  the  dificrence  between  these  positions  of  the 
capsular  rent ;  and  it  is  evident  that  in  the  last  form  the  avulsed  capsule 
may  becoine  interposed  between  the  head  and  the  acetabulum  so  as  to 
fill  the  socket  and  prevent  reduction.  The  closer  the  rent  in  the  cap^ 
sule  lies  to  the  acetabular  socket,  the  less  will  be  the  likelihood  of  its 


Fios.  399-331  .—  lUustraiing  the  three  foTTns  of  the  ea|isular  rvDL 

interfering  with  reduction  by  becoming  folded  in ;  and  if  the  rent  is 
close  to  the  socket,  tliis  foliiing  tn  cannot  take  place. 

The  injuries  to  cnti^lci  in  dislocalian  of  the  hip  result  eilher  from  orerst retching  or  from 
(Jitccl  viulcrtcc.  Those  clue  to  ovcTXrctching,  which  arc  fntyjiirnlly  (iniiliuc<1  in  CKprnmecit&l 
work  uiM)ii  the  rigid  muscic^  of  the  cadawr,  result  ix\.im  ()ic  fact  that  lh«  Uiiiii  of  tt-niioti  nf 
the  muscles  i»  reach<rrf  hefcwi;  the  capsule  is  rnplurrd  by  the  nianipulnttonn  employed.  In 
evpcTinicnlal  wuik  the  productiuu  of  thyroid  diNluuiliiiii  by  liviwraUluction  is  attemlrd 
by  Titpinn?  of  the  uddiiclor  Longut,  gnidlis  nnd  |)i:t:lincii«.  Tlie  pcclinciis  i«  frr<]Rcnlly 
fouud  ruptured  At  autopsies,  aod  li  Dot  touched  by  the  bead  of  the  femui  during  dit- 
\ocxi\oa. 

By  direct  cuntacl  with  the  head  of  the  femur  in  irnvting  fmm  1  domd  lo  %  thyroid  posi- 
tion, or  ftvm  the  inncT  tu  the  outer  plane  of  ihc  pelvis,  the  ijiuadratus  ferooris,  obtursiof 
cxtemuj),  and  a  fi:w  of  (he  ^ort  upper  lit>cn  of  tlic  adductor  magnus  are  rtipturcd.  Id 
dorsal  dislocations  tlie  obtuntlor  inlernus  is  often  rupnin-il,  as  are  alsft  the  pyrifurmii  and 
quBxlnitu«  fcmorik.  The  hea<L  of  the  fcinur  may  past  between  the  obturator  iotemiu  *bA 
the  pynformis  without  injury  lo  thc^  muscles.' 

The  fact  that  \n  thit  fnnn  of  didocniinn^  the  nhiunilor  intemus  Ic  often  found  to  l>e  rupt- 
ured ur  avul»cd  fioui  its  ciriijin  reudcn  it  ptubiU>1e  that  loo  tunvli  importance  was  altachcd 
lo  Ihi)  rauM:le  by  Higeluw  a»  tlie  dclrnniiting  (actor  in  lour  dorsal  dislocatiotu. 

The  sciatic  nerve  has  been  twice  found  at  autopsy  torn  completely 
in  two,  and  has  frequently  been  reported  as  lacerated  or  bruised,  with 
more  or  less  scpara.tion  of  its  fibers.  It  has  been  frequently  hf>okcd 
up  across  the  neck  of  the  femur  in  the  experimental  production  of 
dislocations. 

Partial,  complete,  tetnporary,  and  permanent  paralyses  have  resulted 
from  apparently  successful  reductions.  Rupture  of  the  outer  branch 
of  the  Y-Iifjament  allows  the  dorsal  dislocations  to  become  the  everted 
dorsal. 

The  older  writeri  on  dislocation  uf  ihe  hip  have  considered  the  rapid  healing  of  the  rmt 
in  the  ca[iside  after  the  rsi-niic  of  the  hend,  and  the  formation  of  adhesioiu  Detween  the 
captulc  and  ihc  aceiahular  socket,  as  among  the  greatest  ubtlaclcs  to  the  reduction  of  dislo- 
catiunii.  \\'hile  the  dialocaUon  jMrtitl*,  however,  the  edges  of  the  lorn  capmle  are  held 
apjin.  so  that  there  can  be  little  danger  of  healing  ;  and  Alii*  ha>  pointed  out  that  the  fomui- 
lion  uf  adlicsiunN  between  the  tnnxilh  inner  surl'ncc  of  the  capsule  and  the  acetabular  socket, 
both  of  which  are  covered  with  cpitheliwm.  Is  extremely  improbable. 

'  Tile  possibility  of  tlie  head  of  ihe  femur  evaping  below  the  tendon  of  the  obturator 
intemus  without  TUptiiring  the  latter  was  recogniicd  by  Uigclow,  and  considered  by  him  lu 
ilelrrrnini-  a  cIm-is  of  Ill^l(K-allr>n^  which  he  called  "dorsai  below  the  tendon.'^  Ti>c*r  arr 
the  "  low  dnnwl  dislocations  of  Ailis"  and  the  dislocation.*  inlo  the  sciatic  notch  of  Asiley 
Cooper. 
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Whether  after  a  dislocation  inflammatory  changes  in  the  head  of 
the  femur  and  acetabulum  will  take  place  or  not,  will  depend  upon  the 
amount  of  violence  done  to  the  cartilages  at  the  time  of  the  Injury.  In 
dislocations  by  simple  leverage,  the  head  and  socket  will  probably 
escape  without  bruising,  no  inflammator)'  changes  are  likely  to  occur, 
and  a  new  socket  and  new  capsule  may  be  formed.  In  dislocations 
attended  by  crushing  of  the  cartilages,  such  as  might  result  from  direct 
violence,  inflammatory  changes  are  likely  to  take  place,  resulting  in  the 
adhesion  of  the  head  to  the  surrounding  parts  or  in  ankylosis.  The 
growth  o(  osteophytes  in  the  torn  ca[>sule  occasionally  takes  place,  and 
is  most  likely  to  occur  in  cases  where  more  or  less  periosteum  is  torn, 
together  with  the  capsule,  from  the  acetabular  rim. 

Ilie  "fwuinitfri  sliowii  in  Fig.  133  was  removed  »\  i»iitiip»y  fr*jm  a  case  of  llijrtoid  diilo- 
oUion  uf  ihc  hip,  which  had  remained  unreilurni  for  yturs.  It  wmia  (hn  tx'CHMon  of  a  Kuit 
for  nmlprncticc.  Il  U  preserved  in  the  Warrco  Museum  al  the  Harvard  Medical  School. 
A>  sliuwn  ill  Uic  figure,  (Ikv  ^n>M'(U  uf  0!iteu|illiytc«  nniuml  iht;  head  of  the  femur,  whitli  wat 
dislocated  irvio  tlic  oKiiimior  fornmim,  has  resulted  in  the  formation  of  an  almost  ixnnplele 
pew  mkJkcI.    Marked  thiLkcujii^;  ai  the  un:tt  uf  the  femur  alw  rc<>ul(c^l  frucD  th«  sajne  Cause.' 


t'la.  333. — Uld  Uiycoid  duluciilMD,  with  u»lei>|itiylea. 

Signs  of  Dislocation. — Dorsal  or  Outward  Dislocation. — Tn  this, 
the  most  common  form  of  dislocation,  the  head  ha-*  escaped  through 
the  posterior  part  of  the  capsule,  and  lies  with  the  neck  against  llie 
outer  plane  of  the  pelvis;  the  trochanter  is  thus  held  away  from  Uie 
bony  pelvis  and  cannot  be  made  to  touch  it.  According  to  Bige- 
low's  classical  description,  "  the  limb  is  moderately  inverted,  a  little 
shortened,  and  advanced;'*  the  toes  cross  the  toes  or  the  instep  of 
the  other  foot,  according  to  the  degree  of  flexion  and  inversion,  and 
the  head  of  the  bone  may  generally  be  felt  upon  the  dorsum.  The 
inversion  is  chiefly  due  to  the  tension  of  the  outer  branch  of  the 
Y-ligamcnt,  and  disappears  when  this  is  divided. 

When  exirrme  ficoion  i*  (irc»ent,  tc^eiher  with  greater  inversion  and  advancetoent  of 
the  limb,  the  head  uf  the  fenmr.  Accordinif  lo  Itigelovr.  tt  caught  below  the  teudoii  of  (he 
obluralor  tniemu.i,  and  tn  thii  diilomiian  he  givei  ihe  name  of  "  dor»l  below  the  tendon." 

'  Sut:gitat  Oisennitians,].  Mason  Warreu. 
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The  varinliun  iu  ihe  ^'Kp*  ai:(»Klin]i[  ii>  (h«  high  or  low  pi>Miion  of  (lie  head,  bowerer. 
is  of  minor  inipon«ncc.      The  invmtim,  llrkiuii.  und  ntliluction  are  thr  hirvitalile  ronll  of 

llie  rebiiuji  •>{  the  li'-i'l  i^f  llic  banc  to  the  Itxcil  pclvk  wail  and  the  ligbtcncd  V-hgimml  ; 

uul  llir^,  ti;);rllirr  vril))  llir  |Ml|ialion  of  thr  hrad 
in  il!^  nbriLiimiil  puniioii  upon  l)ic  clornim  under  the 
glutei  uiUM-lc!-,  whcic  il  can  atmmt  klways  be  (rli, 
are  ihc  tnconlroTcniblv  lug'ks  of  (lie  darial  or  out- 
ward di»toci»(ion. 

Thyroid  or  Inward  Dislocations. — In 

this  class  thf  characteristic  position  of 
the  liinb  is  tl(.'xion  ami  abtJuction.  the 
heel  lifing  raised  frnrii  the  floor  and  the 
toe  piiiiiling  nutuanl  and  forward.  This 
pfisitiori,  which  is  attended  by  marked 
constraint,  is  due  to  the  weight  of  the 
hmb  liohlinj^  the  jjreat  trochanter  a^^ainst 
the  !uwer  rim  of  the  acetabulum,  the 
tigiilerU'd  Y-h'gaincnt  acting  as  a  bridle 
and  preventing  coinplete  extension.  The 
great  troctianter  is  thus  brouglil  into 
close  contact  with  the  acetabulum,  lies 
deepl)',  and  cannot  be  felt  (KiR.  335). 

In  the  ■*  low  thyroid."  the  "  dislocation 
near  tlie  tuberosity  or  perineum "  of 
Rigelow,  the  limb  will  of  necessity  be 
more  strongly  llexcd,  in  order  that  the 
tight  Y-ligament  may  allow  the  low  posi- 
tion of  the  head. 

liigclow's  "  dislocation  upon  the  pubis  " 
becomes  under  Allis's  classification  the 
high  thyroid  dislocation,  and  is  simply  a 
^■arict>•  of  the  inward  dislocation  charac- 
terised by  a  high  jiosition  of  the  head  of  the  bone,  and  having  as 
symptoms  less  marked  flexion  and  greater  shortening  and  cvcrsion. 


Fig.  3J3-— Dors. vl  di'ilocotion  of  the 
hip.    Anterior  vie*. 


^'■''  334'^t>onal  dlslocatitm  of  the bip.     l«ur-i-< 


The  lliyroid  reversed  is  produced  from  Ihe  nmule  tbjrroid  di^Walion  by  outward  roUtkni 

of  Ihr  \t%  tintil  ihr  brad  itf  ihr  femur  jiflk«r«  in  fnmt  of  ihr  Y-liKainrnI  and  lies  in  fmni  of 
and  Selow  ihe  anieri'ir  -.uperior  spire  of  llie  ilium.  In  this  variety  the  f(w>i  may  be  everud 
so  far  that  thi-  ioe>  |Kiiitl  buckwanl.  This  form  of  diKlucatii'ii  is  rure,  due  to  extreme  trio- 
lemre.  and  uttially  astotialed  with  olher  injuries  of  *  severe  chantartcr. 
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Kednction. — Since  the  time  of  Hippocrates  flexion  of  the  hip- 
joint  \\A\\  been  recognized  as  an  important  step  in  the  procedures  for 
the  reduction  of  dislocations.  The  cause  of  the  cliaracteristic  de- 
formity of  these  luxations,  however,  and  the  chief  obstacle  to  their 
reduction,  was  believed  to  be  (he  contraction  of  the  powerful  muscles 
about  the  hip-joint.  Ilcfore  the  advent  of  anesthesia  tlic  want  of  a 
suitable  means  of  producing  muscular  relaxation,  and  tl»e  ignorance  of 
the  manipulation*;  suited  for  reduction,  resulted  in  the  substitution  of 
great  force — applied  by  screws,  ropes,  and  pulleys — for  properly  directed 
manipulations.  As  this  powerful  extension,  which  was  found  neccssar)' 
(as  it  was  supposed)  to  tire  out  the  contracted  muscles,  but  in  reality  to 
rupture  the  Y-ligament.  was  most  easily  applied  En  the  a.>tis  of  the  body, 
longitudinal  traction  by  pulleys  was  the  method  taught  in  the  English 
school  at  the  beginning  of  this  ccntur>'.  of  which  Astlcy  Cooi>cr  was 
the  most  prominent  exponent.  The  blind  brute  force  thus  so  cruelly 
applied  was  the  cause  of  untold  sufrering  and  of  permanent  damage  to 
many  hip-joinls  during  the  period  that  this  method  was  taught.  Nathan 
Smith  and  William  W,  Reid  in  this  countrj'  recognized  the  value  of 
flexion  and  manipulation  in  the  reduction  of  dislocations  of  the  hip, 
but  attributed  the  success  of  the  flexion  method  to  tlic  fact  that  it 
relaxed  the  contracted  muscles. 

To  Higclow  is  due  the  credit  of  showing  that  the  Y-ligament.  and 
not  the  contraction  of  the  muscles,  was  tlic  chief  ai^'unt  in  producing 


V    . 


n '  ?- 


\ 


FlG.33ib — T1))rroiddislocciliun(Miusuch(U«l(sGenna1Hosir[Ul.WTVic«orjtihnH>>inaM,  M.D.). 

the  deformity  in  hip-djslocations  and  in  preventing  their  reduction  by 
longitudinal  traction,  and  that  its  aid  must  be  invoked  in  any  method 
for  their  easy  and  safe  reduction, 

Bijcelow's  Methfids  ol  Reduction. — In  Higclow's  methmls  of  reduc- 
tion, which  have  stood  the  test  of  time  since  his  Memoir  was  published 
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in  1S69,  advantage  is  taken  of  anesthesia  to  produce  muscular  relaxa- 
tion, and  the  positions  of  the  patient  and  surgeon  are  such  as  to  allow 
of  the  most  advantageous  ajjnlication  of  his  strength.  The  etherized 
patient  hes  on  his  back  on  the  floor.  The  surgeon,  standing  beside 
the  patient,  grasps  the  ankle  with  one  hand ;  uhilc  the  other,  placed 
beneath  the  head  of  the  tibia,  lifts  and  guides  the  limb  (Fig.  336).  The 
thigh  is  then  flexed  upon  the  abdomen,  and,  if  the  dislocation  is  dorsal. 
Is  adducted  and  a  little  inverted,  to  disengage  the  head  of  the  bone 
from  behind  the  socket.  It  is  then  forcibly  lifted  or  jerked  upward, 
with  a  little  simultaneous  circumduction,  and  the  head  passes  into  the 
socket.  Or,  the  thigh  is  flexed  upon  the  abdomen,  and  then  simul- 
taneously, in  a  single  sweep,  abducted,  or  circumducted  and  rotated 
outward.  Bigelow  describes  the  maneuver  simply  in  the  phra!w"lifi 
up.  bend  out,  roll  out ;  "  or  "  flex,  abduct,  evert."  This  circumductivc 
sweep  Allis  has  shown  to  be  attended  by  danger  of  bruising  or  catch- 
ing up  the  sciatic  nerve,  which  his  new  methods  of  reduction  have 
been  designed  to  avoid. 

In  case  the  thigh  cannot  be  abducted  beyond  the  perpendicular, 
Bigelow  considers  that  the  head  of  the  femur  has  emei^ed  through  a 

too  small  orifice  in  the  capsule,  which, 
in  order  to  allow  of  its  return,  mu.st  be 
circumducted  in  the  opposite  direction. 
This  circumduction  will  convert  the 
dorsal  into  the  thyroid  dislocation,  but 
will  enlarge  the  capsular  opening,  in 
his  opinion,  so  that  the  forcible  lifting 
with  the  thigh  flexed  can  hardly  fail 
to  effect  reduction.  The  fallacy  of  the 
view  that  the  head  ever  escapes  by  a 
slit  In  the  capsule  which  requires  en- 
largement has  been  pointed  out  earlier 
in  this  article,  and  the  danger  of  injury 
to  the  sciatic  nen-'c  by  the  circumduc- 
tivc sweep  lins  been  already  commented 
upon.  Upon  the  tightened  Y-ligament 
as  a  center,  the  head  of  the  femur,  with 
the  length  of  the  neck  for  a  radius,  is 
rotated  below  the  rira  of  the  acetabulum,  and  as  the  flexion  of  the 
thigh  carries  the  sciatic  ncr\'e  across  the  back  of  the  joint,  may  easily 
catch  up  that  nerve,  especially  If  it  be  lightened  by  extension  of  the  leg 
at  the  knee.  This  has  been  rej>ratedly  demonstrated  by  experiment 
upon  the  cadaver,  and  has  probably  happened  in  actual  practice. 

For  reduction  of  thyroid  dislocations  Bigelow  recommended  a 
variety  of  methods.  The  two  methods  which  he  characterizes  by  the 
terms  "  rotation  "  and  "  traction  "  are  the  most  typical.  In  the  first 
method  lie  flexes  the  limb  toward  the  perpendicular,  abducts  a  little  to 
disengage  the  head  uf  the  bone,  then  rotates  the  thigh  strongly  inward, 
adducting  it,  and  carrying  the  knee  to  the  floor.  This  maneuver  is 
practically  the  reverse  of  the  flexion,  abduction,  and  aversion  employed 
to  reduce  the  dorsal  dislocation,  and  is,  in  fact,  flexion,  adduction,  and 
inversion. 


0 


Fir.  336.— HeduetSdi)  of  dislocation  into 
th«  lliyrotd  fomaen  (after  Bieclowj. 
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Tlic  method  by  traction  consists  in  flexing  the  limb  and  drawing 
the  thigh  outward  by  a.  towel  passed  around  its  upper  part,  or  thrusting 
it  outward  by  the  foot  applicit  to  the  groin. 

Allis's  Methods. — These  methods  are  designed  to  make  the  head 
return  to  the  socket  by  the  path  by  \i-hich  it  escaped,  or  to  retrace  the 
steps  which  produced  the  dislocation,  without  exposing  the  sciatic 
nerve  or  other  contiguous  structures  to  danger  from  the  circumductive 
sweep  of  the  head  of  the  bone.  In  "outward  dislocations"  the  first 
step — retracing  the  last  step  of  the  dislocation — is  flexion,  in  addition 
to  which  it  may  be  ncccssarj-  to  add  traction  downward  to  free  the 
head  from  the  dorsum.  Next,  the  foot  is  turned  outward  (inward  rota- 
tion), so  that  in  the  next  motion — lifting — the  head  may  not  strike 
against  the  projecting  acetabular  rim  and  be  arrested  by  it.     Then  the 


Flo.  337. — Reduclion  of  ouiwnrd    t 
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■,'%  method. 


head  is  lifted  to  the  head  of  the  socket,  and  often  may  be  felt  to  catch 
on  the  tendon  of  the  hamstring  muscle,  or  the  sciatic  nerve,  or  both, 
as  it  is  lifted  i»a.st  them.  The  leg  is  next  turned  inward  to  throw  the 
femoral  head  outward  into  the  socket,  and  is  then  brought  dou-n  in 
extension.  The  passage  of  the  head  into  the  socket  may  be  facilitated 
by  direct  pressure  by  the  thumbs  of  an  assistant 
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The  method  may  be  tersely  expressed  as  follows : 

1.  Flex,  turn  leg  out,  and  lift. 

2.  Turn  leg  in,  and  extend. 

For  dislocations  inward  Allis  gives  two  methods:  i.  The  Direct; 
and  2.  The  Indirect. 

In  the  direct  method  the  femur  is  first  flexed  and  abducted,  in  order 
to  bring  the  head  into  the  position  it  occupied  when  it  first  left  the 
socket ;  the  traction  outward  in  the  long  axis  of  the  femur  brings  the 
head  over  the  socket.  Direct  pressure  is  made  by  the  thumbs  of  an 
assistant  upon  this  head,  and  the  limb  adducted.  In  brief,  the  steps 
are; 

1.  Flex  and  abduct  the  femur. 

2.  Make  traction  outward. 

3.  Fix  the  head  by  digital  pressure  and  adduct. 

In  the  indirect  metfiod  rotation  is  employed  to  carry  the  head  into 
the  socket. 

The  steps  are:  i.  Flex  the  thigh,  but  not  to  a  perpendicular  (this 
brings  the  head  into  the  position  it  occupied  when  it  left  the  socket). 

2.  Adduct  and  carry  the  knee  obliquely  downward  and  inward  {by 
this  movement  the  remnant  of  the  capsule  becomes  tense  and  draws 
the  head  upward  and  outward). 

3.  Rotate  outward — thus  turning  the  head  into  the  socket 

By  these  methods  circumduction,  with  its  attendant  danger  of  injur>' 
to  the  sciatic  nerve,  is  avoided. 


Fig.  338.— I.  Capsule  inverted,     a.  Capsule  caught.     3.  Capsule  everted. 

After-treatment. — The  after-treatment  which  should  follow  reduc- 
tion is  simple,  no  fixation  apparatus  being  required.  The  patient 
should  be  kept  in  the  dorsal  recumbent  position  for  three  weeks,  and 
the  heels  and  the  knees  should  be  tied  together  in  the  extended  posi- 
tion, thus  taking  advantage  of  the  "hammock"  function  of  the  ilio- 
tibial  band,  which  is  stretched  tightly  across  the  great  trochanter  and 
holds  the  head  of  the  femur  firmly  in  the  acetabular  socket. 

After  three  weeks  massage  and  passive  movements  may  be  em- 
ployed, and  the  patient,  aided  by  crutches,  may  cautiously  begin  the 
use  of  the  limb. 

Complications. — Cleaning  out  the  Socket. — Under  the  head  of 
Pathology  was  discu.ssed  the  danger  of  the  capsule  being  caught 
between  the  head  of  the  femur  and  the  acetabular  socket  in  cases 
where  the  capsule  was  torn  off  close  to  the  rim  of  the  acetabulum. 
Not  merely  the  capsule,  but  shreds  of  torn  muscle  or  fascia  may 
become  interposed  between  the  head  and  the  acetabulum.  Allis  has 
pointed  out  that,  whether  muscle  or  capsule,  it  must  be  attached  to  the 
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pelvis,  and  not  to  the  femur.  If  one  side  of  the  head  of  the  femur  has 
driven  a  bit  of  capsule  before  it  into  the  socket,  the  opposite  side  must 
be  employed  to  turn  it  out,  as  is  evident  from  the  accompanying 
diagram  (Fi^.  33»). 

That  this  accident  has  happened  wiH  be  evifJent  in  practice  from  the 
fact  that  the  leg  cannot  be  brought  quite  down  into  position ;  there  is 
slight  constraint,  and  the  motion  of  the  femur  is  somewhat  embarrassed. 
Allis  recommends,  if  the  capsule  has  been  pushed  in  from  the  dorsal 
side,  flexion  and  abduction ;  if  from  the  thyroid  side,  flexion  and 
adduction. 

These  maniptilatiuns  will  serve  to  catch  the  bit  of  capsule  on  the 
edge  of  the  femoral  head.    The  femur  is  then  rotated  inward  to  tighten 


Flu.  339. — Compound  dislocfttion  of  the  hip  CCheewr). 

the  Y-Iigament.  and  the  knee  raised  to  the  median  plane  to  push  the 
foreign  tissue  out  of  the  socket. 

Entanglement  of  the  Sciatic  Nerve. — Under  the  headings  of 
Mechanism  and  Pathology  reference  has  been  made  to  the  danger 
of  catching  up  the  sciatic  nerve,  and  it  has  been  shown  how  the 
nerve  and  its  accompanying  hamstring  muscles  are  stretched  tightly 
across  the  back  of  the  joint  when  the  latter  is  flexed.  The  danger 
of  catching  the  nerve  across  the  neck  in  circumduction  has  been 
emphasized. 

The  diagnosis  of  this  condition  is  made  by  the  fact  that  the  leg  does 
not  come  down  into  full  extension,  and  a  tense  curd,  which  is  the 
stretched  nerve,  may  be  felt  in  the  popliteal  space. 

It  may  he  reduced  by  rcdislocating  the  femur,  turning  the  ankle 
of  the  flexed  leg  outward,  and  attempting,  by  rocking  and  shak- 
ing, to  make  tile  nerve  drop  ofV  from  the  femoral  head,  the  head 
then  rotating  into  place  without  flexing  the  femur,  These  failing,  an 
open  incision  has  been  suggested  (Allis)  for  freeing  the  ner\'e  from 
its  position. 

Dislocation  with  Fracture  of  the  Shaft. — The  diagnosis  may  be 
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difficult,  and  is  made  by  locating  the  upper  fragment  and  finding  that 
this  does  not  follow  the  rotatory  movements  of  the  shaft.  In  these 
conditions  we  are  able  to  employ  traction  alone  for  purposes  of  reduc- 
tion, leverage  being  evidently  out  of  the  question. 

Inward  dislocations  may  be  reduced  by  traction  outward,  with  direct 
pressure  upon  the  head.  This  may  be  supplemented,  if  unsuccessful, 
by  traction  inward  or  obliquely  inward  and  downward,  the  head  being 
held  beneath  the  socket  by  an  assistant  to  prevent  its  slipping  back 
into  the  thyroid  depression. 

Outward  dislocations  with  fracture  of  the  shaft  may  be  reduced  by 
first  bringing  the  head  to  the  level  of  the  socket  by  traction  directly 
upward,  followed  by  traction  upward  and  inward,  assisted  by  direct 
pressure  upon  the  head  by  an  assistant's  fingers. 

Compound  DIslfication. — This  is  a  rare  condition,  the  result  of 
great  violence,  and  usually  attended  by  other  serious  injuries.  The 
accompanying  illustration  (Fig.  339)  represents  a  case  in  which  resec- 
tion of  the  femoral  head  was  practised.  Death  resulted  from  the  con- 
comitant injuries. 


DISEASES  OF  THE  BONES. 

INFLAMMATION. 

When  inflamniattun  attacks  a  bone*,  it  docs  not  remain  limited  to 
one  part  of  the  bone.  Thus,  in  the  case  of  inriaiiiniation  :ittacking  tlic 
medulla  of  bone,  or  osteomyelitis,  we  Iiave  also  innanitiialiim  uf  tlic 
dense  stracture  of  the  bone,  or  osteitis,  and  very  commonly  inflamnia- 
tion  of  the  periosteum,  or  iKriostitis.  C'onversely,  if  the  inflammation 
attacks  the  periosteum,  we  have  also  inflammation  of  the  dense  portion 
of  the  bone.  Hence  from  the  point  of  view  of  treatment  these  various 
conditions  must  he  considered  more  or  less  together. 

Inflammation  of  bone  may  be  acute  or  chronic.  Acute  inflammation 
of  bone  may  be  suppurative  or  non-.suppurative.  Chronic  inflamniatiun 
may  be  divided  mto  simple  chronic  inflammation,  tuberculous  inflam- 
malion,  and  syphilitic  inflammation. 

Acute  Non ■suppurative  Inflamnuition  of  Periosteum  anJ  Bone.— This  U  a 

rery  rare  condiiion,  and  it  is,  as  a  maiii-r  i-f  fad,  'loithifu!  whether  a  really  acuic  intLanima 
lion  can  take  jilace  in  Lhcw  slruclures  wiCluiul  suiipuralinn.  A  form  at  pcrioxtiti*  hai  brm 
de4crib<d  by  Ollic-r  umirr  i1ir  name  ol  iMumiHotn  prriintith,  in  which  exudation  occnn 
yndcT  the  ptri<>sii;uni  of  a  serous  nr  albuiiiinoiu  naiurr ;  but  (his  aff<viian  U  (vobabljr  only  a 
mild  or  early  «tagf  of  the  .luppuraiive  form,  and  il  i>  said  Ihat  the  pyogcnk  cocci  are  prcKnl 
in  the  exudation. 

The  changes  Ihal  t.ike  place  in  the  petjostcuiti  under  these  citcumslaiii-M  are  essentially 
the  Hinr  at  rhoM-  in  acute  sii[i]iiiraiit-e  |>erioMilis.  There  are  rediicu,  iwi-lling,  and  iKickcn- 
ing  of  the  pctioMciun,  with  effusion  of  fluid,  followed  by  increase  in  the  []ikline!i&of  the  iKine 
after  (he  acuie  ntage  of  the  inftammalian  ha>  luvtnl  off.  The  lympcnmn  are  intente  pain, 
fever  not  w  hifth  a>  in  n  «upptiralivc  form,  and,  if  llie  bone  is  sufwrficia),  tome  redueu  of 
the  ikiri  nvrr  the  |an.  The  trfalatritl  is  <*MtrntiaIly  !lie  lame  »;>  in  the  Mi])punti«c  fonn. 
llri'ugh  in  the  lirtl  initance  one  niiKhl  continue  the  u»c  of  fomentations  for  a  longer  period 
than  in  the  caw  of  »t-utr  Mi|ij'uirative  pcriostitiiL 

As  ■  Miiuel  to  typhoid  fever,  fK-nmtiiiit  and  ot(iti«  are  not  at  all  uncommon,  ami 
it  ii  remnfkabic  fiii  what  a  Icn^;!]]  of  Uiuc  ihe  lyphuid  bacillus  can  apparently  live  in  the 
li«4ue«.  In  mime  caaea  the  periostitis doc«  not  go  on  to  suppiimlion,  and  unually  atliicki  the 
muie  .-Kipciticial  boneSr  such  as  tlic  lihin.  In  ulher  caries.  I)awe«et.  nappuratkun  may  nccur. 
The  favorite  hahitnl  of  the  lyphotd  fever  in  connection  with  bon»  i«  (he  medulla,  and  oup- 
puration  of  a  chronic  chaniclci  may  occur  in  the  medulla,  ullimait'ly  i>erfomtTne  (he  denic 
shell  of  (he  bone  and  fnrming  an  acmmiilation  oul^idc;  and  in  the  pOA  of  IfacM;  ab»cesae» 
nothing  but  a  pure  cultivation  -if  liie  typhoid  bacilhu  may  be  found.  We  have  known  of 
caies  where  the  typhoid  hacilliu  hai  been  pie^cnt  and  active  for  ncveral  year*  after  the  onict 
of  the  di»ca»r. 

The  trtatiheHl  in  ihcx  ciuea  of  tuppur.ttioa  in  connection  with  typhoid  fevn  niuu  t>e 
very  iborovsh,  and  one  must  especially  bear  in  mind  the  fact  that  the  lucillus  is  most  com- 
monly aitaated  in  the  niwlulla.  The  medullary  cavity  of  the  bone  ihouM  iheretore  be 
«j(>en(x)  up  iind  ihontughly  scraped  out,  ercn  if  it  involve  the  Mraping  mit  of  the  whole  of  the 
cavity  from  top  to  bottom.     Usually,  if  that  in  done,  the  wounds  heal  without  furllirr  (rouble. 

Acute  Suppurative  Inflamtnation  of  Bone.— This  is  usu.-illy 
spi^ken  of  as  itatU-  oshomycitUs.  because  the  inflammation  almost  always 
begins  in  the  medulla  of  the  bone ;  in  a  few  cases,  however,  the  deeper 
part  of  the  periosteum  is  the  primar>'  seat  of  the  process. 


ihc  vicinity,  or  after  an  open  wound  such  as  amputation  or  a  compound 
fracture.  When  the  disease  commences  without  any  cxtenial  wound, 
the  organisms  must,  of  course,  be  deposited  in  the  part  from  Ihc  blood, 
and  to  account  for  their  presence  in  the  blood  one  usually  finds  some 
preceding  inflammatory  condition  elsewhere,  such  as  a  boil.     In  many 
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cases,  apparently,  the  organisms  gain  access  to  the  blood  in  connection 
with  an  intestinal  ailarrh,  aiui  the  disease  is  not  uncommon  after  chol- 
era and  acute  intetttlmil  tlisturbunces.  As  to  the  deposit  of  the  organ- 
isms at  the  jjarticLilar  pait  adfectcd.  there  is  vcr>'  often  some  history  of 
local  injury,  rhe  disease  occurring  spontaneously  almost  always 
attacks  the  hone  in  the  Immediate  vicinity  of  tlic  epiphysis,  where  the 
circulation  is  slower  and  where  it  has  been  shown  that  solid  particles 
floating  in  the  blood  arc  ver>'  apt  to  be  deposited,  the  commonest  seats 
bcinfi  the  lower  end  of  the  femur,  the  upper  end  of  the  tibia,  the  upper 
end  of  the  humerus,  and  the  lower  end  of  the  radius.  Of  the  cancel- 
lous bones,  the  os  calcis  near  the  epiptiyseal  hne  is  jjcrhaps  most  fre- 
quently affecteti.  In  some  cases  the  supjjurative  InHammation  begins 
bcncalli  the  periosteinn ;  hut  usually  the  suppuration  under  the  perios- 
teum is  sectmdary  to  osteomyelitis. 

The  result  of  acute  inflammation  in  the  medulla  of  the  bone  is 
that  the  j»art  becomes  greatly  congested,  fluid  is  poured  out  which  fills 
up  the  cancellous  spaces  and  Haversian  canals,  and  subsequently  accu- 
mulates under  the  [jcriosteuni.  the  medulla  very  quickly  becomes  infil- 
trated with  pus,  the  periosteum  thickened  and  swollen,  and  pus  also 
forms  beneath  it  (Fig.  340).  The  suppuration  under  the  periosteum 
may  result  without  any  communication  with  the  medulla,  or  in  some 
cases  only  after  the  bone  has  become  softened  at  some  part,  and  a 
communication  is  thus  established, 

In  j-oung  children  ihrdti^Ase  ma)' remain  Incalitml  in  tlie  nci^liborhood  uribee(nijli^«riil 
canilage.  and  i»  Uibh  »}x>kvn  of  as  ai-uU  rpif'hysUii.  Thi*  comlilion  may  very  qukltly  Ic«d 
to  deslnictioi)  of  ihc  curulagc.  oril  nny  rate  to  n  «>Iaiion  of  tonumiily  betwein  ihe  cpiph- 
ys\*  nnd  ll;c  displiysis.  Mure  commonly,  however,  a  RTcaleror  less  partion  of  the  shafl 
also  become*  in«>lved. 

If  the  patient  lives  and  no  surgical  treatment  is  adopted,  this  condi- 
tion almost  always  results  in  death  of  a  greater  or  less  portion  of  the 
bone,  hence  the  term  "  acntc  nct-rosis."  The  part  of  the  bone  which 
dies  is  essentially  the  den.se  .shaft,  and  it  may  involve  the  whole  circum- 
ference or  even  the  whole  length  of  the  diaphysis,  or  it  may  be  limited 
to  a  small  portion  in  tlie  vicinity  of  the  epiphysis;  it  may  also  involve 
the  whole  thickness  nf  the  shaft,  or  only  a  part  of  the  central  or 
peripheral  jiortion,  Siqipitration  soon  occurs  beneath  the  periosteum, 
and  the  ab.scess  later  on  bursts  externally,  and  subsequently  fresh 
abscesses  and  openinjjs  may  form.  So  long  as  the  dead  bone  remains. 
these  abscesses  refuse  to  heal,  and  sinuses  continue  which  lead  down  to 
the  sequestrum.  When  the  abscess  bursts,  the  severity  of  the  inflam- 
mation usually  subsides,  and  then  processes  go  on  which  lead  to  the 
separation  of  the  dead  bone. 

The  symptoms  of  acute  osteomyelitis  depend  on  the  virulence  of 
the  causal  organisms  and  on  the  extent  and  situation  of  the  di.tease. 
In  any  case  there  are  usually  violent  fever  and  great  |>ain  in  the  first 
instance ;  but  the  fever  soon  passes  into  the  typhoid  tj-pc,  being  accom- 
panied by  a  rapid  small  pulse,  headache,  thirst,  drj-  tongue,  stupor  or 
delirium,  so  that  the  disease  is  at  this  stage  often  mistaken  for  typhoid 
fever  or  meningitis.  The  pain  is  generally  intense,  and  if  the  bone  is 
superficial,  swelling  is  soon  apparent  over  it.  the  skin  also  becoming 
red  or  livid.  In  the  course  of  a  (cw  days  fluctuation  becomes  evident, 
and  on  incision  pus  escapes;  the  bone  is  fell  to  be  bare  in  parts,  while 
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in  others,  thouj^h  not  actually  bare,  the  i>eriostcum  peels  off  \-cry 
readily.  Where  the  bone  is  more  deeply  seated,  or  where  the  process 
is  confined  to  the  medulla,  the  swelling  and  redness  may  not  appear  so 
early;  but  in  any  cxse  the  pain  is  eNtrcnic-ly  severe,  so  long  as  the 
patient  is  siifHei<;iUly  conscious  tn  refer  to  it.  In  young  children  it  often 
happens  that  it  is  only  more  or  less  accidentally  that  one  finds  a  par- 
ticular bone  which  is  affected,  especially  where  the  patient  is  in  a  state 
of  stupor.  Under  such  circumsU'inces  the  patient  does  not  call  any 
special  attention  to  the  part,  and  it  is  thcs'e  cases  which  are  often  so 
extremely  difficult  to  diagnose.  In  severe  cases  the  symptoms  are  vcrj- 
grave  indeed,  and  may  end  in  death  in  two  or  three  days  from  rapd 
septicemia,  while  in  others  the  patient  may  survive,  and  die  subsequently 
of  pyemia,  septicemia,  ulcerative  endocarditis,  exhaustion,  etc.  When 
the  disease  is  in  the  neighborhood  of  the  epiphysis,  the  joint  in  the 
vicinity  often  becomes  inflamed  and  swollen,  though  not  necessarily 
suppurating. 

ProK:nosi9. — If  suppuration  occurs  in  the  joint,  the  prognosis  is 
very  grave.  The  prognosis  also  depends  to  a  very  great  extent  on  the 
treatment ;  early  and  vigorous  treatment  may  save  even  very  grave 
cases.  Under  any  circumstances,  however,  the  prognosis  is  grave, 
as  regards  both  the  inmicdiatc  and  subsequent  results,  the  certainty 
being  that  at  the  best  the  patient  will  have  a  long  illness,  that  he  may 
have  senous  derangement  of  the  neighboring  joint,  and  that  deficiency 
in  growth,  often  with  great  deformity,  may  result. 

So  far,  we  have  been  speaking  of  acute  suppurative  inflammation 
of  bone  as  it  arises  spontaneously;  but  in  other  cases  the  disease  may 
follow  wounds  of  bones  such  as  amputations,  compound  fractures,  etc. 
Under  the.se  circumstances  the  infection  spreads  up  through  the  medul- 
lary cavity,  arid  also  frequently  under  the  periosteum  at  the  same  time, 
and  the  result  is  that  if  the  patient  lives,  there  is  usually  necrosis  of 
the  greater  part  of  the  bore,  e.-ctcnding  upward  for  a  considerable  dis- 
tance along  the  shaft,  and  not  infrequently  small  indqx-ndcnt  seques- 
tra are  found,  especially  toward  the  central  part  of  the  bone.  The 
symptoms  liere  are,  of  course,  similar  and  equally  grave,  but  the  diag- 
nosis is  more  easily  made,  because  attention  is  at  once  directed  to  tlie 
part  where  the  inflammation  is  taking  place. 

Diafcnosis. — These  cases  of  osteomyelitis  and  acute  epiphysitis  must 
be  diagnosed  from  a  number  of  other  diseases,  more  especially  from 
typhoid  fever  and  nieningitLs,  from  acute  rheumatism,  from  an  ab-scess 
outside  the  hone,  and,  in  the  less  acute  forms,  from  non-suppuralive  in- 
flammation, tuberculosis,  antl  other  diseases.  As  regards  the  diagnosis 
from  typhoid  fcvt-r,  etc.,  that  difficult)'  only  arises  in  the  ver^r  acute 
forms  where  there  is  rapid  poisoning  of  the  patient,  and  where  he 
cannot  therefore  give  an  account  of  his  symptoms,  and  more  espe- 
cially in  young  cliildren  who  are  n<it  able  to  tell  what  ails  them.  In 
ca-ses  of  this  character,  where  symptoms  set  in  so  acutely  and  rapidly. 
one  should  suspect  a  septicemic  condition  rather  than  a  specific  fever. 
such  as  typhoid  fever;  and  in  all  suspicious  cases  one  ought  to  feci 
over  the  body,  especially  over  the  bones  usually  affected,  to  sec  whether 
pain  is  caused  or  not;  if  the  child  winces,  a  local  cause  is  at  once  mani- 
fest.   In  the  case  of  osteomyelitis,  also,  the  pressure  of  the  bone  in  an 
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upvvartf  Jircction.  such  as  tapping  on  the  feet  in  cases  of  osteomyelitis 
of  the  tibia  or  femur,  causes  pain. 

In  acttU  rheumatism  the  sj-mploms  are  more  general,  a  number  of 
joints  arc  aflccted.  and  on  the  whole  the  condition  of  the  patient  is 
not  so  bad  as  in  osteomyelitis.  The  temperature  in  the  first  instance 
is  not  so  high,  nor  il<>cs  tlie  patient  pass  into  the  typhoid  state.  A 
di'cft-scated  ahsctss  will  rarely  '^\^  rise  to  nny  yreat  trnuhle.  It  does 
not  usually  produce  the  violent  constJtutioiud  symptoms,  especially 
the  typhoid  state  of  acute  ostcomyehtis.  When  the  abscess  is  in  the 
ley.  lapping  the  foot  will  not  usually  increase  the  pain  unless  the 
inflamed  part    itself  is  touched  or  ninvL-d. 

Thu  treatment  of  acute  suppurative  inflammations  of  bone  must 
be  considered  according  to  the  sta^e  of  the  disease  and  the  part  of  the 
bone  which  is  more  especially  affected,  according  to  the  presence  o'- 
absence  of  suppuration  in  the  ncit,Miboriny  joints,  and  according  to 
whether  it  has  followed  an  open  wound  or  not. 

Acute  suppurath'e  periostitis  is  extremely  rare;  but  if  in  a  case 
where  the  symjjtoms  have  lasted  for  only  two  or  three  days  it  is 
found,  on  cuttinj;  through  ihe  periosteum,  that  a  large  abscess  is  pres- 
ent, it  is  possible  that  the  disease  is  limited  to  the  subperiosteal  tissue, 
and  it  may  be  well  to  remain  content,  at  any  rate  for  twenty-four 
hours,  with  free  incision  through  the  periosteum.  Tliis  incision  should 
be  extremely  free,  and  it  is  well  to  w;ush  out  the  pus  in  these  cases. 
When  it  is  possible  that  the  medulla  may  not  be  affected,  it  is  inadvis- 
able t«i  ojien  up  the  bone  at  the  time  of  the  first  operation,  otherwise 
it  might  become  infected  and  the  state  of  matters  be  made  very  much 
worse;  but  if,  after  twenty-four  hours,  it  is  found  that  the  grave  sym|>- 
toms  still  continue  without  relief,  it  is  an  indication  that  the  disease 
was  not  limited  to  the  periosteum,  but  affects  the  medulla  of  the  bone, 
and  therefore  under  these  circumstances  the  patient  should  be  again 
anesthetized,  and  the  medulla  of  the  bone  thoroughly  0[K;netI  up  in  the 
mnnner  immediately  to  l>e  described. 

The  treatment  nf  acute  osteomyelitis  consists  in  freely  opening  up  the 
medullary  cavity  and  clearing  out  all  the  pus  and  niedullarj'  tissue. 
As  soon  as  the  diagnosis  has  been  made,  a  free  incision  should  be 
mdde  down  to  the  bone,  the  periosteum  turned  to  one  side,  and,  with 
a  chisel  and  hammer,  the  dense  shell  of  the  bone  cut  away  till  the 
medullary  cavity  has  been  well  opened  up  and  all  the  soft  material 
thorciughly  scra|)cd  out.  The  incision  in  the  bone  must  be  extended 
until  the  whole  affected  area  of  hone  has  been  exposed ;  but  in  cases 
where  the  whole  diaphysis  is  aficctcd,  it  may  be  more  convenient  to 
make  several  openings  in  the  bone  and  to  scrape  out  the  cavity  between 
them,  rather  than  to  make  one  large  gutter.  Seeing,  however,  that  a 
lat^e  portion  of  the  bone  will  probably  die,  there  is  no  particular  harm 
in  gouging  away  a  large  amount,  for  one  may  actually  remove  the 
whole  of  the  necrosed  portion  in  this  way.  After  having  thoroughly 
cleaned  out  the  whole  of  the  medullar^'  cavity,  it  should  be  sponged 
with  undilutc<l  carbolic  acid,  and  drainage-tubes  inserted.  A  little 
cyanid  gauze  may  also  be  introduced  between  the  edges  of  the  wound 
and  between  the  drainage-lubes,  so  as  to  prevent  closure  of  the  wound 
in  the  first  instance.  The  limb  should  be  placed  on  a  splint.  If  after 
three  or  four  days  it  is  found  that  the  wound  is  aseptic,  the  stuffing 
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may  be  left  out,  and  only  one  or  two  drainage-tubes  retained  at  the 
angles  of  the  wound,  the  rest  being  stitched  up. 

In  cases  where  the  whole  of  the  diaphysis  is  dead  and  separated  at 
the  epiphyseal  line,  it  may  be  removed,  the  periosteum  being  left 
intact ;  and  under  such  circumstances  a  certain  amount  of  bony  for- 
mation may  occur  from  the  detached  periosteum,  sufficient  sometimes, 
ivhere  there  are  two  parallel  bones,  to  give  stability  to  the  limb.  If  a 
sufficient  amount  of  bone  does  not  develop,  bone-grafting  must  subse- 
quently be  employed ;  but  this  cannot  be  carried  out  unless  the  wound 
is  aseptic.  In  most  cases  it  is  best  to  delay  bone-grafting  until  the 
wound  has  quite  healed^  and  then  subsequently  to  open  up  the  parts 
again  with  the  view  of  introducing  the  grafts. 

In  the  after-treatment  one  must  remember  the  tendency  of  the  neighboring  joints  Xa 
become  stiff  as  the  result  of  inflammation  in  the  joints  themselves,  leading  to  adhesions  and 
obliteration  of  portions  of  the  synovial  capsule,  as  well  as  of  inflammatory  exudation  around 
the  joint,  giving  rise  to  fibrous  adhesions  around  it,  and  of  adhesion  of  tendons  to  the  bone. 
With  the  view  of  avoiding  these  troubles,  the  splint  should  not  be  continued  too  long,  and 
after  two  or  three  weeks  massage  and  passive  motion  of  the  neighboring  joints  and  muscles 
should  be  carried  out.  In  the  case  of  the  lower  extremity,  it  is  well  to  keep  the  patient  in 
bed  so  long  as  there  is  a  prospect  of  the  wound  healing ;  but  if  it  is  evident  that  a  sequestrum 
is  present,  there  is  no  particular  object  in  keeping  him  in  bed,  and  his  strength  will  be  better 
maintained  by  allowing  him  to  get  about.  As  regards  the  upper  extremity,  of  course,  the 
patient  need  not  be  kept  in  bed  at  all  after  the  fever  subsides. 

Among  the  chief  risks  of  acute  o.steomyeHtis  are  septicemia  and 
pyemia,  and  in  spite  of  free  and  early  operation  some  patients  still  suc- 
cumb to  these  diseases.  As  regards  pyemia,  if  symptoms  of  that 
disease  appear,  such  as  rigors,  etc.,  one  should  examine  the  state  of  the 
main  veins  of  the  limb,  with  the  view  of  seeing  if  any  of  them  are 
thrombosed  and  can  be  cut  off  from  the  general  circulation.  In  many 
cases,  however,  the  septic  thrombosis  affects  the  smaller  veins  either  in 
the  bones  or  just  as  they  leave  the  bones,  and  it  is  hardly  possible  to 
carry  out  what  seems  to  be  the  only  promising  treatment  of  pyemia — 
viz.,  the  removal  of  a  portion  of  the  vein  beyond  the  thrombosed  part 
and  the  clearing  out  of  the  clot.  Hence  in  tliese  cases,  when  pyemia 
declares  itself,  the  question  of  amputation  must  be  carefully  considered, 
and  if  amputation  can  be  carried  out  without  marked  shock  to  the 
patient,  and  above  the  seat  of  the  thrombus,  it  gives  the  patient  the 
best  chance.  If  thrombosed  veins  arc  found  in  the  stump,  they  should 
be  followed  up  and  removed  at  a  point  beyond  the  thrombosed  area. 

In  cases  of  septicemia,  on  the  other  hand,  there  is  no  particular 
advantage  in  amputation,  because  under  those  circumstances  the  affec- 
tion generally  spreads  beyond  the  region  of  the  bone.  Hence  in  septice- 
mia we  can  only  see  that  the  suppurating  part  is  thoroughly  opened 
up,  cleared  out,  and  disinfected,  and  carry  out  the  rest  of  the  treatment 
on  the  lines  indicated  in  speaking  of  septicemia. 

In  cases  of  acute  epiphysitis,  which  especially  occurs  in  children,  the 
epiphyseal  cartilage  is  vcr>'  apt  to  be  completely  destroyed,  and  as  the 
result  no  further  growth  of  the  bone  takes  place;  thus  very  material 
shortening  of  the  limb  maj-  result  as  the  patient  grows  up.  As  regards 
the  treatment  of  the  acute  stage  of  epiphysitis,  wc  have  nothing  to  .add 
to  what  has  been  already  said  with  regaid  to  acute  osteomyelitis  gener- 
ally. Free  incisions  must  be  made  down  to  the  part  as  soon  as  pos- 
sible, the  periosteum  divided,  and  the  bone  gouged  away  on  the  dia- 
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ph>'seaJ  side  of  ihe  epiphysis.  •;o  as  to  open  up  the  region  thoroiight)r. 
The  only  point  to  which  wc  need  refer  in  connection  with  acute 
epiphysitis  is  the  ileRcient  growth  of  the  bone  afterward — a  con»iition 
which  is  not  only  \cry  serious  as  causing  .shortening  o^  the  limb,  but 
which  is  particularly  troublesome  where  one  of  two  parallel  bones  is 
afiectcd.  leading  in  that  case  to  great  deformity  of  the  foot  or  hand. 
With  the  view  of  remedying  this  deformity,  some  suqjcons  have  pro- 
posed that  in  cases  of  acute  epiphysitis  of  one  of  two  parallel  bones  it 
would  be  well  to  destroy  the  epiphyseal  cartilage  of  the  healthy  bone. 
The  great  objection  to  such  a  procedure  in  the  early  stage  \&  that  one 
cannot  at  first  be  quite  sure  that  the  cartilage  is  entirely  destro>*ed. 
Where,  however,  two  or  three  years  have  elapsed,  and  it  is  evident  that 
no  growth  is  taking  place,  this  suggestion  is  well  worth  considering. 
The  alternative  procedure  is  to  allow  the  bone  to  grow  and  the  deform- 
ity to  take  place,  and  then  to  cut  down  and  excise  portions  of  the 
longer  bone,  so  as  to  bring  the  foot  or  hand  straight  again.  The 
decision  as  to  which  of  these  procedures  should  be  adopted  depends 
essentially  on  the  age  of  the  patient  when  first  attacked  by  the  disease 
— ;.  €.,  on  the  amount  of  growth  which  has  yet  to  take  place,  and  the 
consequent  degree  of  deformity.  If,  for  example,  several  years  have  to 
elapse  from  the  occurrence  of  the  disease  to  the  completion  of  growth, 
the  chances  of  getting  a  useful  result  from  taking  out  a  portion  of  the 
elongated  bone  are  comparatively  slight,  at  any  rate  if  one  waits  till 
growth  is  complete,  because  by  that  time  the  joint-surfaces  will  have 
become  altered,  accommodated  to  the  new  state  of  matters,  and  will 
not  readily  take  up  a  fresh  position:  and  further,  the  tendons  and 
muscles  and  other  structures  will  all  have  become  short  in  acconlance 
with  the  deformity.  Hence,  if  this  method  of  procedure  is  to  be 
carried  out,  it  should  be  done  long  before  the  bone  has  attained  its  full 
growth,  and  should  be  repeated  if  necessary'.  Under  some  circum- 
stances, however,  the  first  plan  is  often  the  best. 

Where  we  have  acute  suppurative  inflammation  of  done  aeeompanied 
by  suppuration  in  the  na^/iM^rrnj^  joints,  we  have  to  do  with  a  very 
serious  condition,  and  one  which  often  ends  fatall}'.  These  are  usually 
cases  of  acute  epiphysitis.  Under  such  circumstana.'s.  the  first  thing 
that  one  thinks  of  is  the  advisability  of  amputation,  and  in  most  cases, 
if  the  patient  Is  seen  before  his  condition  has  become  hopeless,  ampu- 
tation through  the  bone  above  is  the  best  treatment.  In  some  cases, 
howe\-cr.  where  the  symptoms  are  not  so  severe,  one  may  be  content 
with  opening  up  the  medulla,  as  already  described,  and  in  addition 
making  free  incisions  into  the  joint  so  as  to  expose  thoroughly  and 
evacuate  e\'ery  recess,  subsequently  draining  the  joint  for  a  time,  and 
if  necessary  employing  constant  irrigation. 

As  regards  acute  suppurative  osteomyelitis  and  periostitis  resttltin/c 
after  an  open  wound,  wc  meet  with  this  at  all  ages,  and  the  age  of  the 
patient  is  of  very  great  importance  in  determining  the  method  of  Ircal- 
menL  Under  these  conditions  the  organisms  at  once  .spread  into  and 
along  the  metlulla  and  under  the  periosteum  with  great  rapiclity,  and 
lead  almost  certainly  in  the  case  of  an  amputation-stump  to  complete 
necrosis  of  the  lower  end  of  the  stump,  and  ver>*  often  tt>  the  forma- 
tion of  sequestra  higher  up.  This  condition  is  also  extremely  apt  to 
be  accompanied  with  pyemia;  and  in  the  case  of  a  stump  the  piece 
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of  bone  which  is  left  is  vcr>'  often  not  worth  sa\ing,  at  any  rate  not 
worth  riskinfj  the  patient's  Hfo  to  save.  Hence  the  proper  proccilurt.- 
in  acute  necrosis  following  amputation-wounds  seems  to  be  early  nm- 
piitation  through  the  joint  above. 

In  the  cases  of  compound  fractures  where  osteomyelitia  has  set  in. 
unless  the  condition  is  vcr>'  limited,  amputation  is  usually  the  best 
practice:  but  in  some  cases  where  the  disease  is  quite  hmited  and  the 
patient  is  young,  one  may  delay  and  \vait  for  the  separation  of  seques- 
tra, and  in  this  way  get  a  satisfactory  limb. 

Necrosis  of  bone  follows  acute  suppurative  osteomyelitis  and 
periostitis,  and  maj'  also  result  from  tuberculous  disease,  s)'-philis,  the 
action  of  phosphorus,  etc.,  Here  we  shall  only  consider  the  siquestra 
which  follow  acute  suppurative  osteomyelitis.  In  this  case  the  seques- 
tra pres;:nt  the  character  of  the  normal  dense  bone,  which  dies  before 
any  alteration  has  taken  place  in  it.  Once  a  piece  of  bone  has  died, 
it  must  become  seiiarated  from  the  living  by  a  process  of  granulation 
and  suppuration;  the  living  bone  in  the  immediate  vicinity  of  the  dead 
gradually  becomes  soft  as  the  result  of  rarefying  osteitis,  and  ulliniately 
the  solid  part  of  the  bone  disappears  and  its  place  is  taken  by  granula- 
tion-tissue. When  once  the  whole  of  the  lining  bone  in  immediate 
contact  with  the  dead  has  been  converted  into  granulation-tissue,  sup- 
puration takes  place  at  the  point  of  contact,  and  then  the  piece  of  dead 
bone  comes  to  be  loose,  tying  in  a  cavity  lined  with  granulation -tissue. 
The  time  required  for  the  separation  of  the  dead  piece  of  bone  varies 
from  six  weeks  to  six  months,  according  to  the  density  and  \itality  of 
the  bone  affected.  During  the  process  of  separation  of  the  dead  bone, 
condensation  of  the  bone  around  takes  place,  and  new-formation  of 
bone  goes  on  actively  from  the  periosteum,  which  has  been  detached, 
and  from  the  surface  of  the  bone  at  the  {Kiint  of  junction  of  the  living 
and  the  dead.  Hence,  while  the  sequestrum  is  becoming  loose,  new 
bone  is  being  formed  extensively  around  it,  till  by  the  time  the  seques- 
trum is  detached  it  lies  in  a  cavity  formed  partly  of  new  bone,  two  or 
three  holes  termed  cloacic  being  left  in  the  new  case,  through  which 
the  pus  escapes.  The  dead  fragment,  if  of  any  size,  cannot  escape 
through  the  holes  that  are  left  in  the  bony  case,  and,  although  small 
portions  may  become  broken  off  and  gradually  work  their  way  to  the 
surface,  the  main  seque.strum  lies  there  unless  it  is  removed  by  artificial 
means.  So  long  as  it  remains,  suppuration  is  kept  up  around  it ;  the 
inflaminator)'  condition  of  the  bone  continues;  there  is  steadily  increas- 
ing condensation  of  the  bone,  and  steadily  increasing  ttiickness  of  the 
bony  case  %vhich  covers  it.  In  the  flat  bones,  however,  such  as  the 
skull,  the  production  of  new  bone  is  not  nearly  so  marked,  and  there 
is  very  seldom  anything  like  complete  enclosure  of  the  dead  fragment 
in  a  bony  cavit>'. 

The  symptoms  indicative  of  the  presence  of  dead  bone  arc,  in  the 
first  instance,  a  previous  history  of  acute  illness,  followed  by  the  for- 
mation of  an  abscess  in  a  few  days  or  by  an  incision  by  a  surge4">n,  and 
subsequently  by  sinuses  which  remain  o|»en  fur  years.  The  granula- 
tions around  the  openings  are  generally  prominent.  The  bone  itself 
at  the  .seat  of  the  necrosis  is  very  much  thickened,  and  the  tis.'^ues  are 
adherent  to  the  periosteum.  On  introducing  a  probe,  one  feels  bare 
bone,  wliich  may  or  may  not  move,  according  to  the  size  and  shape  of 
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the  sequestrum  and  the  cavity  in  which  it  lies.  Whether  the  dead 
piece  is  fell  tu  move  or  not.  if  we  have  t)ie  acute  history,  and  if  a  period 
of  at  least  six  months  has  elapsed  since  the  onset  of  the  trouble,  wc 
may  be  pretty  sure  that  the  dead  piece  has  become  separated.  Even 
though  we  may  not  be  able  to  find  bare  bone,  it  is  certain  to  be  there 
under  the  circumstances  menciuncd.  and  the  faiUire  to  find  it  simply 
means  that  the  sinus  is  tortuous  ur  that  the  opening  in  the  new  case  is 
too  small  to  Hiiniit  the  probe. 

Treatment. — During  the  iK'riod  which  intervenes  between  the  attack 
of  acute  ilhu-ss  anil  ihe  reparation  of  the  sequestrum,  there  is  nn 
object  in  any  surgical  interference;  for  if  one  cuts  down  at  that  time, 
it  is  difficLiit  to  be  certain  how  much  of  the  bone  is  dead  and  where 
the  point  of  contact  of  the  dead  and  the  living  is.  Therefore,  up  to 
the  time  when  the  bone  has  become  separated  by  natural  processes, 
all  that  one  need  do  is  to  apply  antiseptic  ointments  to  the  orifice  of 
the  sinuses  and  to  see  that  proper  escape  of  discharge  is  provided. 
When  a  suitable  time  f<jr  operation  has  arrived,  the  first  point  for  con- 
sideration is  how  we  can  get  as  free  access  to  the  dead  bone  as  possi- 
ble ;  and  if  the  sinuses  arc  situated  in  jwrts  where,  on  account  of  the 
presence  of  nerves,  vessels,  etc..  wc  cannot  make  a  free  enough  open- 
ing, we  should  disregard  the  sinuses  yitogether  and  cut  down  on  some 
Other  part  of  the  bone  where  the  anatomical  arrangements  arc  more 
lavoniblc.  The  incision  in  the  skin  should  be  coextensive  with  the 
thickening  of  the  bone,  because  it  is  absolutely  essential  that  the  whole 
cavity  in  which  the  bone  lies  should  be  freely  opened  up.  both  with  the 
view  of  making  certain  that  the  whole  fragment  is  removed,  and  also 
with  the  view  of  providing  proper  escape  of  discharge  afterward  and 
of  obtaining  proper  closure  of  the  cavity.  The  skin  and  tissues  are 
therefore  divided  freely,  the  periosteum  detached  laterally  over  the 
thickened  area,  so  as  to  give  \rcc  access,  and  then  with  a  chisel  and 
hammer  one  proceeds  to  chisel  away  the  bone  till  one  reaches  the 
cavity  where  the  sequestrum  is  present.  Where  the  patient  is  weakly, 
it  is  in  most  cases  advisable  to  apply  a  tourniquet  before  the  operation, 
both  with  the  view  of  preventing  unnecessary  loss  of  blood,  and  also 
with  the  view  of  being  able  to  disinfect  the  cavity  thoroughly  after- 
ward. Having  reached  the  cavity  in  the  bone,  it  should  be  opened  up 
completely  from  end  to  end  and  from  side  to  side  till  the  sequestrum 
can  be  lifted  out  withuut  any  trouble.  Having  removed  the  sequestrum 
and  thoroughly  scraped  out  all  the  granulation-ti.ssuc,  one  should  also 
dissect  out  the  sinuses  which  lead  to  the  diseased  bone,  and  then  pro- 
ceed to  disinfect  the  parts  in  the  hope  of  obtaining  asepsis.  The  part 
should  be  thoroughly  sj>onged  with  undiluted  carbolic  acid,  and  after 
this  has  acted  for  a  few  minutes,  the  cavity  should  be  tightly  packed 
with  gauze  sprinkled  with  i()dofonn.  The  tourniquet  can  then  be 
relaxed,  and  any  superficial  vessels  which  spout  can  be  bed  and  the 
rest  of  the  wound  filled  up  with  packing.  An  antiseptic  dressing  is 
applied  outside,  and  in  many  cases  one  in  this  way  succeeds  in  render- 
ing the  wound  aseptic. 

An  important  point  in  the  after-treatment  is  to  decide  what  is  to  be 
done  as  regards  the  large  cavity  left  behind.  If  the  septic  condition  is 
not  eradicated,  the  stuffing  can  be  taken  out  in  two  or  three  days,  and 
the  best  thing  to  do  then  is  to  stitch  t<^cther  the  skin-incision,  with  the 
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exception  of  an  opening  at  one  end  through  which  a  large  drainage- 
tube  passes  into  the  cavity.  When  we  ^\\^  on  dressing  the  wound 
after  three  or  four  days  that  there  is  no  suppuration  whatever,  the  stuff- 
inj^  should  be  completely  removed,  and  an  attempt  may  be  made  to  fill 
up  the  cavity  with  matcri:il  which  will  become  or^iunized,  either  blood- 
cio(  alone,  or  cjitgiit.  or  dt-calcificd  bone-chips.  Of  these  methods,  the 
best  is  bone-grafting  by  means  of  decalcified  bone-chips.  These  bone- 
chips  are  decalcified  and  kept  In  a  solution  of  corrosive  sublimate  in 
alcohol.  The  cavit>*  is  filled  u]3  with  the  bone-chips,  a  little  bleeding  is 
induced,  so  that  the  intervals  between  the  chips  become  filled  with  blood- 
clot,  and  then  the  periostcuni,  if  possible,  is  brought  together,  a  stitch 
or  two  put  in  between  the  muscles,  and  the  skin-wound  closed.  A 
dmin;ige-tubc  is  not  usually  required  unlcs-s  excessive  bleeding  is  pres- 
ent, in  which  ca.se  a  few  strands  of  catgut  brought  out  at  the  lower  end 
of  the  wound  will  allow  the  superfluous  blood  to  escape.  The  wound  is 
covered  with  an  anti.septic  dressing,  and  the  part  placed  at  rest  on  a  splint. 
As  regards  the  after-treatment  of  operations  for  necrosis,  one  must 
remember  that  if  the  limb  is  kept  at  rest  too  long,  not  only  may  the 
neighboring  joints  become  stiff,  but  the  muscles  arc  very  apt  to  become 
adherent  to  the  edge  of  the  opening  in  the  bone,  and  also  to  become 
thickened  and  matted  together.  Therefore,  from  quite  an  early  period 
massage  should  be  employed.  This,  however,  must  be  more  carefully 
done  in  cases  where  bone-grafting  h:is  been  employed,  otherwise  the 
young  organizing  material  may  be  broken  up  and  organization  pre- 
vented. At  the  same  time  it  should  be  remembered  that  the  ]>atient 
has  been  pulled  down  by  the  previous  illness,  and  nourishing  diet  and 
the  be-st  hygienic  conditions  employed.  The  administration  of  iron, 
esiiecially  in  the  form  of  blaud's  pills  or  capsules,  is  of  importance; 
the  condition  of  the  urine  must,  of  course,  be  watched,  and  so  on. 
While  this  is  the  general  rule  of  treatment  in  young  persons,  in  old 
people  umputallon  is  frequently  advisable,  and  It  may  also  be  required 
in  young  persons  where  the  health  is  much  broken  down,  the  kidTicys 
diseased,  etc. 

Sir  Jani«s  P*|tci  has  rrfcrrrd  undrr  ihr  nitmr-  of  "  ^iet  nffmis"  lo  ■  condition  in  wfaich 
necrosis  of  bone  occurs  withuut  uiiy  riolciil  tnfluinTrialiui!  aitd  without  tlir  funnstiun  of  tinaftu 
Irndint;  ta  ihc  seqavstnim.  Thfsr  ca'xa  arc  mrir.  and  il  is  pnttintilc  that  a  good  many  uf 
them  arc  exarDple<>  of  liib^reulou*  di*eA.*^  of  bone,  Cfls«<  arc  wvn,  howevtr,  and  I  bav« 
met  with  tlicm,  whccc  on  chi»llin('  up  a  mass  of  inflamixl  bun«  a  ^^^iii^trum  is  foiiBd  >q  the 
iittn'ior;  but  llic  only  iiitcresi  tn  lh<'«e  casea,  rn>m  the  point  of  vtfw  of  IreatnMiX.  ■»  to 
remeiiiticT  ihal  when  one  is  opcniai;  up  banr  thickened  as  the  result  of  chronic  inflammaiion. 
one  >hou1d  be  cn  thc^  Inrikdul  nnt  on1v  fnr  a  rhmntc  ahHcent,  but  al»o  fora  piece  of  AtmA  booe, 

Chronic  Periostitis  and  Osteomyelitis. — In  addition  to  the 
acute  forms  of  iuflamniation  of  l»onc.  we  may  have  inflammation  of  a 
more  chronic  type  aflccting  cither  the  periosteum  or  the  medulla  and 
adjacent  dense  bone.  This  condition  may  in  some  cases  follow  the 
acute,  but  more  usually  it  is  chronic  from  the  first.  In  the  case  of 
chronic  periostitis  the  result  is  great  thickening  of  the  periosteum  itself 
and  marked  formation  of  new  bone  underneath  il,  and  also  great  con- 
densation of  the  pre-existing  bone.  In  the  ca.se  of  chronic  osteomye- 
litis the  result  is  cither  softening  of  the  bone,  *'  rarefying  osteitis  "  or 
condensation  of  the  bone,  "condensing  osteitis,"  or  a  localized  abscess 
in  the  hone,  "  Brodie's  abscess."  In  some  rare  cases,  as  has  just  been 
mentioned,  a  sequestrum  has  also  been  found. 
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As  to  llie  etiology  of  chronic  periostitis  and  osteomyelitis,  it  some- 
times occurs  after  an  injury,  in  other  cases  in  connecton  with  some  con- 
stitutional condition,  such  as  rheumatism,  or  again  under  circumstances 
which  wc  do  not  exactly  understand.  \Vc  exclude  here  chronic  infiani- 
mation  dependent  on  tuberculosis  or  syphilis. 

As  regards  the  symptoms  of  chronic  periostitis  and  osteomyelitis, 
we  have  very  marked  thickening  of  the  bone  in  the  region  of  the  dis- 
ease, and  tenderness  over  the  inflamed  part,  generally  acute  at  certain 
points.  There  is  often  a  great  deal  of  pain,  which  is  worse  when  the 
limb  becomes  warm,  and  more  especially  when  the  patient  is  in  bed  at 
night.  The  tenderness  is  usually  more  marked  in  chronic  periostitis 
than  in  chronic  osteomyelitis;  while,  on  the  other  hanti,  in  chronic 
osteomyelitis  the  pain  is  more  marked  than  the  tenderness,  and  is 
especially  of  a  neuralgic  and  tlirobbing  character.  In  both  cases  the 
symptoms  may  subside  at  tim^j.s  and  again  get  worse,  the  course  being 
marked  by  exacerbations  and  remissions  ;  sometimes  even  for  months 
the  patient  may  be  comparatively  free  from  pain,  and  then  again  suffer 
from  a  severe  attack.  In  cases  where  we  have  Rrodie's  abscess  of  bone, 
the  disease  is  generally  in  the  neighborhood  of  the  epiphysis,  there  is 
-marked  enlargement  at  the  part,  the  pain  is  of  a  very  intense  character, 
especially  at  night,  ;ind  there  is  generally  a  tender  spot  somewhere  or 
other.  Sometimes,  indeed,  where  the  disease  has  lasted  long  and 
where  the  bone  has  become  softened,  we  may  also  find  a  so(t  spot 

The  treatment  of  these  conditions  is  either  palHativc  or  radical. 
Palliative  treatment  consists  in  rest  to  the  part,  elevation,  the  employ- 
ment of  countcrirritation  in  the  form  of  L-ither  blisters  or  the  actual 
cautery,  especially  Corrigan's  cauter>\  and  the  administration  of  drugs 
internally,  of  which  the  chief  arc  potassium  lodid  and  sahcin  or  sodium 
salicylate.  Apart  from  the  possible  syphilitic  origin  of  some  of  these 
cases,  large  doses  of  potassium  iodid  seem  to  relieve  the  pain  in  some 
cases  very  markedly — doses,  for  instance,  commencing  with  lO  grains 
three  times  a  day,  and  rapidly  going  up  to  20  or  30  grains.  The  result 
of  this  palliative  treatment  is  usually,  however,  only  temporary-,  and  it 
is  but  seldom  that  a  cure  results,  even  though  the  treatment  be  contin- 
ued for  many  months.  As  a  rule,  the  patient's  condition  improvt^s  for 
a  time,  and  he  may  keep  pretty  well  while  taking  large  doses  of  potas- 
sium iodid;  but  if  he  begins  to  walk  about,  and  especially  if  he  leaves 
off  his  iodid,  the  old  symptoms  are  extremely  apt  to  recur. 

Hence  in  cases  where  a  sufficient  tri.il  has  been  given  to  palliative 
measures  without  much  benefit,  it  is  advisable  to  propose  an  ofienition. 
The  operative  procedures  consist  in  cutting  down  on  the  inflamed 
part  and  removing  as  far  as  possible  the  whole  of  the  thickened  and 
inflamed  periosteum,  gouging  away  a  large  portion  of  the  thickened 
bone,  and  looking  for  the  presence  of  an  abscess  or  sequestrum  or 
other  cause.  Strict  asepsis  is  imjierative.  If  an  abscess-cavity  is  found. 
it  should  be  thoroughly  opened  up  in  the  manner  descrihril  in  speaking 
of  sequestra:  it  is  welt  to  sponge  out  the  cavity  afterward  with  undiluteti 
carbolic  acid.  After  the  operation  the  wound  should  be  stitched  up 
closely  and  healing  by  first  intention  aimed  at.  With  the  view  of  getting 
a  better  scar,  one  should  use  curved  incisions,  turning  aside  a  flap,  rather 
than  a  straight  incision  over  the  center  of  the  inflamed  area.  AftcrA%'ard 
the  limb  should  be  put  in  a  splint  for  two  or  three  weeks,  because  the 
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cavity  in  the  bone  fills  with  blood-clot  which  must  become  organized 
In  cases  where  the  innammation  is  at  sonic  distance  from  a  joint.  tlu!> 
splint  niiiy  be  cniitinut-d  even  longer.  When  the  splint  is  li^t  off,  the 
patient  should  stil!  be  kept  In  bed.  if  it  is  the  lower  extremit>'  which  is 
the  scat  of  the  disease,  for  six  weeks  or  a  couple  of  months,  so  as  to 
allow  the  new  tissue  to  become  thoroughly  firm.  If  the  patient  gets 
up  too  early,  the  younp  vessels  in  the  organizing  blood-clot  give  way, 
hemorrhage  takes  place,  and  the  process  of  organization  is  apt  to  be 
arrested.  Massage  and  passive  movement  should  be  kept  up  from  an 
early  period  after  the  operation. 

TUBERCULOUS  DISEASE  OF  BONE. 

The  parts  of  the  bone  affected  with  tuberculous  disease  are  chiefly 
the  cancellous  ends  (I'ig.  341 ),  cither  the  epiphysis  itself  or  the  shaft 
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outside  the  epiphyseal  line.  In  other  cases,  however,  the  medulla  of 
the  shaft  may  become  affected,  or  again  the  disease  may  begin  beneath 
the  perio.stcum.     The  disease  may  assume  the  following  forms : 

1,  Acute  Tuberculosis  of  Bone. ^Tliis  may  occur  in  the  course  of  a 
general  acute  tuberculosis,  or  may  be  limited  to  one  bone,  arising  in 
connection  will)  a  tuberculous  deposit  at  one  part  of  the  bone.  The 
form  which  occurs  in  acute  general  tuberculosis  is  not  of  clinical 
importance ;  but  where  the  outbreak  is  limited  to  one  bone,  it  influences 
the  treatment  in  so  far  that  nothing  short  of  removal  of  the  affected 
bone  is  likely  to  do  any  good. 

2.  Limited  deposits  of  tuberculous  material  may  occur  in  bones, 
especially  in  the  ej>iphysis  or  in  the  diaphysis  in  the  immediate  neigh- 
borhood of  the  epiphysis.     They  may  present  the  form  of  soft  cascat* 
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ing;  deposits  in  which  the  trabecule:  of  the  bone  have  more  or  less 
completely  disappeared,  or  of  sequestra  which  lie  embedded  in  tuber- 
culous material,  and  which  are  denser  and  heavier  than  the  nomial 
bone,  l)ur  easily  broken  up  and  very  slow  in  separating. 

3,  Tuberculous  osteomyelitis,  where  the  medullary  tissue  of  the 
bone  becomes  infiltrated  with  tuberculous  material.  This  condition 
especially  affects  the  short  long  bones,  such  as  the  phalanges  and 
metacarpal  bones ;  and  in  the  fingers  it  is  known  as  "  strumous  dactyl- 
itis."  It  is  also  the  most  common  fomi  of  tuberculosis  in  the  small 
canceltnus  bones. 

4.  Tuberculous  perio5titl«.  in  which  the  tuberculous  material  is 
deposited  beneath  thf  perio.steum.  This  form  especially  occurs  in  con- 
nection with  the  ribs  and  the  vcrtebre,  and  the  result  of  the  disease  is 
that  the  bone  becomes  eroded,  and  in  the  case  of  the  ribs  may  be 
almost  completely  destroyed,  and  undergo  fracture.  At  the  same  time 
the  tuberculous  material  is  apt  to  spread  outward  and  fortn  abscesses 
in  the  soft  tissues. 

As  regards  the  further  history*  of  the  tuberculous  deposits  in  bone, 
the  tendency  is  for  the  disease 
to  spread ;  softening  of  the 
bone  occurs,  and  by  and  by 
the  deposit  reaches  the  surface. 
In  ci-ses  where  the  cjjiphy.sis  is 
afTectcd,  the  opening  on  the 
surface  may  occur  either  into 
the  joint  itself,  in  which  case  it 
is  followed  by  acute  di.scasc  of 
the  joint,  or  outside  the  limits 
of  the  synovia!  membrane, 
The  cases  in  which  the  dciiosit 
reaches  the  joint  (I'ig.  J42)  are 
discusseil  under  the  head  of 
Tuberculous  Disease  of  Joints 
(p-  713)-  When  it  reaches  the 
surface  outside  the  capsule  of 
the  joint,  it  leads  to  infection 
of  the  periosteum  and  subse- 
quently of  the  soft  tisjiues.  and 
to  the  formation  of  a  chronic 
abscess,  which,  when  opened. 
i.s  found   to  lead   down   to  an 
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As  regards  the  etiology 
of  these  cases,  the  ultimate 
cause  is  the  tubercle  bacillus. 
but  the  localization  of  the  dis- 
ease in  a  bone  is  very  often 
brought  about  by  the  occurrence  of  some 
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slight  injury.     These  cases 
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occur  esiicciaU}'  in  cliiUIrc-ii  and  yitung  adults,  tlie  tendency  to  tuber- 
culous deposits  in  the  bone  bcinf,'  j^rcater  in  children,  while  rn  adults 
tuberculous  pLTiostitis  ia  more  common. 

The  symptoms  of  tuberculous  disease  of  bone  arc  in  the  early 
stage  often  very  ubsciirc;  intlecd,  the  disease  may  have  advanced  to  a 
considerable  extent  before  ihc  jiatient's  attL-iitiou  is  attracted  to  it.  In 
the  case  of  tuberculous  deposits  toward  the  ends  of  bones,  the 
patient  may.  for  weeks  piccedinj;;  the  occurrence  of  any  marked  symp- 
toms, have  noticed  an  indefinite  aching,  or  even  only  a  feeling  of  tired- 
ness, in  the  limb,  and  a  disinclination  to  go  about  as  much  as  usual, 
but  no  acute  pain.  Later  on.  some  erLirgement  of  the  aTected  portion 
of  the  bone  occurs,  and  the  acliinj;  becomes  .somewhat  more  marked, 
but  it  in  no  way  resembles  the  |>ain  anil  achinj;  which  are  characteristic 
of  a  simple  chronic  osteomyelitis  or  iKriostitis.  On  examining  the 
part,  .some  cnlarj^ement  of  the  bone,  usually  limited  to  one  .side,  may 
be  found,  and  possibly  also  a  little  tenderness  on  pressure.  If  the 
disease  ha-s  existed  for  some  time,  one  may  come  across  a  point  where 
the  tendernesii  is  more  niarked  and  where  a  certain  amount  of  soften- 
ing can  be  felt.  If  that  is  the  case,  it  indicates  the  jxiint  where  the 
tuberculous  deposit  is  making  its  way  out  of  the  bune,  When  chronic 
abscess  has  formed  outside  a  bone,  accompanied  by  enlargement  of  the 
bone  and  preceded  by  these  indefinite  symptoms,  the  diagnosis  is  at 
once  clear,  because  the  occurrence  of  a  chronic  abscess  in  connection 
with  bony  enlargements  is  practically  pathognomonic  of  tuberculosis. 
Under  no  other  circunistaiiees  that  I  know  of  does  chronic  abscess 
occur,  unles.s  possibly  in  actinomycosis,  Where  the  case  Is  one  of 
tuberculous  pcriostiti.s,  the  diagnosis  is  generally  made  much  sooner,  on 
account  of  the  early  formation  of  a  chronic  abscess. 

In  the  case  of  tuberculous  osteomyelitis  of  the  short  long  bones, 
such  as  the  phalanges,  the  ap[>carance  is  very  characteristic.  The 
patient  is  almost  always  a  child;  very  often  several  bones  are  affected. 
and  the  enlargement  of  the  bone  is  of  a  spindle-shaped  character,  In 
the  early  stage  there  is  no  softening  or  [lain.  and  later  on  the  presence 
of  an  abscess  adds  to  the  certainly  of  the  diagnosi.s.  In  this  case  the 
only  difficulty  will  arise  in  connection  with  hereditary  s>'philis,  because 
in  sypiiilis  one  meets  with  a  somewhat  similar  condition.  There,  how- 
ever, the  condition  arises  usually  in  infancy,  other  symptoms  of  s>*ph- 
ilis  are  present,  and  abscess -formation  does  rot  occur.  In  the  case  of 
tuberculous  osteomyelitis  of  the  cancellous  bones,  such  as  the  tarsal 
bones,  beyond  the  feeling  of  uneasiness  and  aching  in  the  early  -•stage, 
the  patient  does  not  usually  notice  anything  till  the  disease  has  attacked 
the  neighboring  joints.  The  symptoms  of  disease  of  the  tarsus  will 
therefore  be  left  till  the  discussion  of  Tuberculous  Diseases  of  Joints, 

As  regard-s  the  treatment,  it  will  hardly  be  nccessar\'  to  treat 
separately  of  tuberculous  deposits,  tuberculous  ostcomj'elitJs.and  tuber- 
culous jjeriostilis.  The  most  convenient  way  is  to  speak  of  tuberculous 
disease  of  bone  without  abscess,  tuberculous  disease  of  bone  with 
abscess,  and  tuberculous  disease  of  bone  with  .septic  sinuses. 

I.  Tuberculous  Disease  without  Abscess.— Where  there  is  no 
abscess  the  difticulty  is  to  diagnose  the  existence  of  tuberculous  dis- 
ease ;  but  having  decided  that  this  is  present,  the  question  lies  between 
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palliative  and  radiail  nieastires.  Under  palliative  moasiires  wc  incluilr 
rest  to  tlic  piirt.  counierirritation,  pressure,  good  hygienic  conditions, 
country  air.  cod-Uvcr  oil.  syrup  of  iodid  of  iron,  etc.  In  the  first 
instance,  while  one  is  still  doubtful  as  to  the  existence  of  a  tubercu- 
lous deposit,  or  as  to  whether  the  disease  is  quiescent  or  active,  Ihcsc 
are  the  measures  that  should  l>e  employed. 

When  on  a  careful  trial  of  palliative  measures  it  is  found  that  the 
enlargement  is  increasing,  and  more  especially  when  this  enlargement 
is  in  the  neighborhood  of  the  joint,  the  time  has  arrived  for  the  con- 
sideration of  operative  measures.  The  operative  measures  consist  in 
turning  aside  a  flap  so  as  to  expose  the  enlarged  portion  of  bone,  chis- 
elling through  the  harti  shell  of  the  bone,  and  cleaning  out  the  cancel- 
lous tissue  till  the  tuberculous  deposit  is  reached.  When  this  is  found, 
it  should  be  thoroughly  removed,  preferably  by  llarkcr's  flushing 
spoons  or  gouges.  When  the  soft  tissue  or  sequestrum  has  been 
scooped  out.  some  of  tjie  hard  bone  in  the  immediate  vicinity  should 
be  taken  away,  so  as  to  ensure  as  far  as  possible  the  removal  of  all  the 
tuberculous  material.  Having  thoroughly  cleared  out  the  <lejKxsit,  tt 
is  well  to  sponge  the  interior  of  the  cavit\*  in  the  bone  with  undiluted 
carbolic  acid,  in  order,  if  possible,  to  destroy  any  tuberculous  tissue 
which  may  still  remain.  1  he  wound  may  tlicn  be  stitched  up  without 
drainage.  The  carbolic  acid  does  not  seem  to  interfere  materially  with 
the  proper  fonnatiun  of  tlie  blood-clot.  If.  however,  there  is  mucli 
oozing,  it  is  well  to  introduce  at  one  angle  of  the  woimd  for  two  or 
three  day.s  either  a  small  drainage-tube  or  a  few  strands  of  horsc-hair 
or  catgut,  so  as  to  allow  the  blood  to  escape.  The  operation  must  be 
done  with  .strict  aseptic  precautions,  and  an  antiseptic  rlressing  applied 
aftenvard.  As  regards  the  subsequent  treatment,  it  is  well  to  place 
the  part  in  a  splint  for  a  time,  in  order  to  prevent  movement  and  favor 
the  organization  of  the  blood-clot.  Of  course,  the  various  constitu- 
tional means  thai  have  been  nienti«>neil  with  the  view  of  improving  the 
health  of  the  patient  shoultl  also  be  used. 

The  treatment  is  siniiLir  in  cases  of  tuberculous  osteomyelitis  affect- 
ing the  shafts  of  bones.  For  example,  in  strumous  dactj'litis  we  should 
persevere  for  a  ver>-  considerable  time  with  careful  rest  and  pressure 
and  good  liygienic  conditions.  Operation  is  hardly  necessary  in  these 
cases  unless  there  are  signs  of  abscess-forniatinn  outside  the  bone. 
The  oi>eralion  consists  tn  clearing  out  the  disease  and  thorough  disin- 
fection of  the  cavity  in  the  manner  just  described. 

In  the  ca-se  of  tuberculous  osteomyelitis  of  the  small  cancellous 
bones,  such  as  the  tarsal  bones,  the  best  result  is  obtained  by  excising 
the  affected  bone  completely.  As  a  rule,  if  only  one  bone  is  taken 
away,  the  result  is  extremely  satisfactory  as  regards  the  usefulness  of 
the  ft>ot.  In  after  years,  in  the  case  of  the  cuneiforms  more  especially, 
one  is  often  unable  to  tell  that  anything  had  been  removed  from  the 
foot 

In  cases  where  one  cannot  remove  the  whole  of  the  tuberculou.s 
material  satisfactorily,  it  is  better  not  to  close  the  vvotnid,  but  to  stuff 
it  with  gauze  .sprinkled  with  iodoform,  and  to  continue  the  stuffing  of 
the  wound  till  the  whole  cavity  has  become  filled  with  healthy  granu- 
lation.s.  When  once  this  is  the  case,  the  stuffing  may  be  abandoned, 
44 
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the  edges  of  the  skin  refreshed  and  brought  together,  and  a  small 
drainage-tube  inserted  for  a  few  days  to  allow  the  esc^K  of  any  fluid. 
If  in  such  a  case  the  wound  were  stitched  up  in  the  first  instance,  the 
blood-clot  might  become  infected  with  tuberculous  material,  and  the 
disease  would  recur. 

2.  Tuberculous  Disease  of  Bone  with  Abscess. — Here  the  treat- 
ment is  practically  the  same  as  before,  with  the  exception  that  one 
should  remove  the  abscess-wall  as  thoroughly  as  possible,  and  also 
that  one  need  not  delay  at  all  with  palliative  measures.  In  the  case 
of  tuberculous  disease  toward  the  ends  of  bones,  with  chronic  abscess, 
one  should  cut  down  on  the  part  and  dissect  out  the  abscess  as  if  it 
were  a  cyst,  and  then  look  for  a  hole  in  the  bone,  enlarge  it  thoroughly, 
and  deal  vrith  the  tuberculous  deposit  in  the  interior  in  the  manner 
just  described.  In  cases  where  we  have  to  do  with  a  bone  Uke  the 
rib,  the  treatment  can  be  veiy  satisfactorily  carried  out  l^  removing 
the  whole  of  the  aflected  portion  of  the  bone.  In  this  case  the  surgeon 
first  separates  the  abscess  from  the  surrounding  parts  without  opening 
it,  ascertains  which  rib  is  affected  and  the  extent  of  the  disease,  divides 
the  healthy  rib  on  each  side  of  the  affected  part,  raises  it  from  the 
pleura  beneath,  and  removes  it  along  with  the  abscess.  As  the  abscess 
extends  to  the  under  surface  of  the  rib,  the  tuberculous  material  on 
the  surface  of  the  pleura  must  be  carefully  scraped  away.  The  wound 
is  then  stitched  up,  and  healing  by  first  intention  usually  occurs  with- 
out any  trouble. 

In  some  cases  the  abswss  in  connection  with  tuberculous  bone-dis- 
ease is  very  large  and  cannot  be  satisfactorily  dissected  out  Under 
such  circumstances  one  must  lay  open  the  abscess-cavity  very  freely, 
and  dissect  away  as  much  as  possible  of  the  wall.  The  remainder 
should  be  thoroughly  scraped,  and,  if  possible,  the  deposit  in  the  bone 
sought  for  and  removed.  In  some  cases,  in  spinal  disease  for  example, 
one  cannot  carry  out  this  method  of  treatment,  and  all  that  can  be 
done  is  to  make  a  small  opening  into  the  abscess-cavity,  wash  out  the 
contents  of  the  abscess,  scrape  away  as  much  of  the  wall  as  possible, 
and  then,  the  abscess-cavity  having  been  thoroughly  cleaned  out,  in- 
ject some  sterilized  iodoform-and-glycerin  emulsion,  and  stitch  up  the 
wound.  The  result  is  usually  very  satisfactory  in  cases  where  we  have 
to  do  with  tuberculous  periostitis ;  but  in  cases  where  there  is  a  tuber- 
culous deposit  in  the  vertebras,  the  abscess-cavity  is  apt  to  refill.  Even 
if  it  does,  repetition  of  the  operation  on  two  or  three  occasions  will 
very  often  lead  to  satisfactory  closure  of  the  abscess,  and  if  followed  by 
suitable  fixation  of  the  spine,  to  ultimate  cure  of  the  disease. 

3.  Tuberculous  Disease  of  Bone  with  Septic  Sinuses. — We  have 
to  consider  the  cases  of  tuberculous  disease  of  bone  where  abscesses 
have  formed  and  burst,  and  where  the  patient  comes  under  observation 
with  septic  sinuses  leading  down  to  the  diseased  bone.  Here  again  the 
treatment  should  be  operative  in  the  case  of  the  extremities  and  acces- 
sible parts,  because  these  cases  with  septic  sinuses  have  but  little  ten- 
dency to  Ileal.  In  .such  a  case  one  must  excise  the  sinuses,  expose 
freely  the  part  of  the  bone  to  which  they  lead,  and  attempt  to  remove 
tlic  tuberculous  portion  of  bone.  It  i.s  of  great  importance,  if  possible, 
to  render  the  wound  aseptic,  because  the  subsequent  progress  of  the 
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case  depends  to  a  very  great  extent  on  that  precaution.  Hence  the 
skin  should  be  thoroughly  disinfected,  and,  before  commencing  the 
operalion,  it  is  well  to  scrape  away  the  granulation-tissue  at  the  orifice 
of  the  sinuses  and  to  introduce  into  it  and  leave  in  place  a  Httic  piece 
of  sponge  soitkcd  in  undiluted  carbolic  add.  A  long  incision  is  then 
made,  sufficient  to  expose  the  part,  the  orifices  of  tlie  sinuses  being 
enclosed  in  elliptical  incisions.  Great  care  should  be  taken,  in  dissect- 
ing down  to  the  bone,  to  avoid  cutting  into  the  sinuses ;  when  the  bone 
is  reached,  these  sinuses  should  be  cut  away.  The  tuberculous  deposit 
is  then  dealt  with  in  the  manner  already  described,  and  the  cavity  left 
should  be  thoroughly  sponged  out  with  undiluted  carbolic  acid.  In 
these  cases  one  can  never  be  sure  that  one  has  got  rid  of  the  sepsis,  and 
therefore  it  is  well  not  to  stitch  up  the  wound  in  the  first  instance.  It 
is  best  to  introduce  strips  of  cyanid  gauze  sprinkled  with  iodoform  into 
the  cavity  in  the  bone.  These  require  renewal  every  two  or  three  days, 
according  to  the  amount  of  discharge.  Vcr>'  soon,  if  the  tuberculous 
disease  is  completely  removed,  granulation  takes  place,  and  once  the 
whole  part  has  been  completely  covered  with  healthy  granulations,  the 
edges  of  the  skin  may  be  freshened,  detached,  and  brought  together, 
a  drainage-tube  being  left  in  at  one  end  to  allow  the  escape  of  any 
discharge. 

In  the  case  of  sinuses  leading  to  inaccessible  bones,  such  as  the 
spine,  comparatively  little  can  be  done.  Our  chief  reliance  must  be 
placed  on  good  hygienic  conditions,  on  fixation  of  the  part.  and.  if  there 
is  an  imperfect  opening,  enlargement  and  scraping  of  the  sinus.  There 
is,  however,  very  little  use  in  these  cases  in  subjecting  the  patient  to 
elaborate  operations  with  the  view  of  scraping  out  the  sinuses,  for  one 
can  seldom  get  rid  of  the  se|>sis.  The  c]uestioti  of  amptitatinti  which 
arises  in  some  of  these  cases  of  bone-disease,  especiall}'  with  septic 
sinuses,  has  chiefly  to  be  considered  in  connection  with  diseases  of 
joints. 

SYPHIUS  OF  BONE. 

Syphilitic  diseases  of  bone  may  occur  either  in  the  secondary  or  the 
tertiary  period  of  acquired  syphilis;  they  are  also  ver>'  common  in 
inherited  s^^hilis.  In  the  secondary  stage  of  syphilis,  at  quite  an  early 
period  one  may  meet  with  pains  in  the  bones  without  any  enlai^ement 
or  apparent  lesion  of  the  bone.  These  pains  are  of  a  rheumatic  char- 
acter, sometimes  severe,  and  usually  occur  in  connection  with  the  early 
.skin-eruplions.  They  probably  impi)'  a  merely  congestive  condition  of 
the  bone,  since  they  do  not  leave  any  iiermancnt  lesion.  This  condi- 
tion generally  disappears  rapidly  when  the  jiaticnt  is  brought  under  the 
influence  of  mcrcur>'. 

At  a  later  period  of  syiilulis,  however,  from  the  sixth  month  onward, 
one  meets  with  definite  lesions  of  the  bone,  more  especially  in  the  shape 
of  syphilitic  periostitis.  This  condition,  if  neglected,  leads  to  the  fi>mia- 
tion  of  bony  nodes.  The  bones  afflnrtcd  arc  chiefly  the  more  supcrficiAl 
ones,  such  as  the  skull,  esjiedally  the  frontal  bones,  the  nbs,  the 
sternum,  the  tihi:i.  and  the  clavicle. 

The  symptoms  to  which  this  condition  gives  rise  arc  nocturnal  pains, 
es]x;cinlly  when  the  patient  gets  warm  in  bed,  and  swelling  of  the 
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|»art  with  considerable  tenderness,  the  swellinj:;  being  limited  in  extent, 
but  shading  off  into  the  surrounding  bone  and  not  temiinating  abruptly. 
The  periosteum  becomes  thickened ;  effusion  occurs  between  it  and  the 
bone,  leading;  to  the  formation  of  a  gelatinous  material.  If  the  condi* 
tion  is  not  trciited.  ossification  takes  place  in  the  tleepcr  layers  of  the 
periosteum,  and  a  permanent  mass  of  bnne  is  formed,  which  is  termed 
a  syphilitic  nude.  If,  however,  the  ordinary  treatment  of  secondary 
syphilis  is  employed  at  once,  the  thickening  may  disappear  entirely. 
Mcnce  the  treatment  for  syphilis  (sec  chapter  on  Syphilis)  should  be  at 
once  employed,  and  the  paliciil  should  be  quickly  brought  under  the 
influence  of  mercury.  As  regards  local  treatment,  it  is  well  lo  keep  the 
part  at  rest,  and  if  there  is  much  pain  to  apply  evaporating  lotions  or 
fomentations.  Absorption  is  expedited  by  the  local  use  of  mercurial 
ointment. 

Gummatous  Disease  of  Bone. — In  the  tertiary  stage  of  syphilis 
we  meet  with  yimnnata  of  bone,  and  also  with  syphilitic  osteitis  accom- 
panied with  great  thickening  of  the  bone.  The  gummata  uf  bone  may 
occur  subperiosleally  or  in  the  medulla,  most  usually  subjK-riostcally. 
and  may  form  either  circumscribed  masses  or  a  diffuse  infiltration  of 
the  bone  or  perio.stcum.  These  gummata  of  bone  occur  most  fre- 
quently on  superficial  bones,  such  as  the  skull,  especially  the  frontal 
bones,  where  they  begin  cither  under  the  periosteum  or  in  the  diploe. 
the  clavicle,  the  tibia,  and  not  uncommonly  about  tlie  epiphyseal  ends 
of  bones.  The  gummatous  material  spreads  from  the  deeper  part  of 
the  periosteum  into  and  along  the  Haversian  canals,  and  leads  to  rare- 
fying osteitis  in  thevicinit>',  while  condensation  of  the  bone  lakes  place 
beyond.  Hence  a  bone  which  has  been  the  seat  of  syphilitic  gumma- 
tous  disease  presents  an  eroded  and  worm-eaten  appt^arance,  while  the 
bone  beyond  Is  vcr>'  dense.  *I"his  condition  is  sometimes  spoken  of  as 
syplitiitic  caries  of  hone,  and  gre;it  destruction  of  bone  may  result.  In 
Komc  instances  portions  of  the  affected  bone  may  subsequently  die, 
and  a  syphUidt-  scqiustrutu  '\<.  formed.  The  chsractenstic  of  a  8)'phililic 
sequestrum  ts  that  it  is  much  denser  than  normal  bune,  and  that  the 
surface  is  worm-eaten,  due  to  the  gummatous  material  ."iprcading  in 
along  the  Haversian  canals  and  enlarging  them,  The.'!e  sequestra,  also, 
like  tuberculous  sequestra,  often  take  a  Eong  time  to  become  loose.  In 
connecticin  wilh  syphilitic  sequestra  of  bone,  there  is  not  the  same 
stalactitic  formation  of  bnre  around  or  new-formation  from  the  pcri- 
o.steum  as  in  ordinar\'  necrosis,  though  simietimes.  where  the  seques- 
trum is  central,  it  may  be  more  or  le.ss  surri>unde<l  by  bone. 

.^s  regards  the  symptoms  of  gummatous  disea.se  of  bone,  there 
may  be  a  good  deal  of  pain,  which  is  generally  more  intense  than  in 
the  case  of  the  syphilitic  node,  of  a  boring  character,  and  worse  at 
night;  tlifre  is  a  sc>ft  enlargement  over  llie  bone,  adiicrent  to  it.  and  a 
previous  history'  »if  syphilis.  The  gunmiata  do  not  remain  limited  to 
the  periosteum  of  the  bone,  but  gradually  spread  toward  the  skin  ;  and 
ultimately  ulceration  occurs  over  them,  and  then  we  have  a  t>'pica[ 
syphilitic  utcer  of  the  skin,  with  carious  bone  at  the  bottom. 

The  treatment  of  gummatous  disease  of  bone  is  that  of  tertiar\' 
.syphili.s.  and  consists  essentially  in  the  administration  of  lar|^  doses  oj" 
potassium  iodid  and  mercury ;  the  ]X)tassium  iodid  must  be  given  ii] 
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laige  doses,  and,  as  a  ruk\  one  should  increase  the  dose  quickly  to 
or  40  grains  thrt-e  times  a  il.iy.  This  is  one  (if  the  fdnns  of  tertiary 
syphilis  in  which  s!irgic.il  inltrrvciUion  for  the  piiqxise  of  removing  the 
diseased  bone  shortens  the  course  of  the  disease  very  much,  and  may, 
indeed,  be  the  only  means  of  obtaining  a  permanent  cure.  In  the 
case  of  sYphiiitic  sequestra  in  bone,  the  sequestra  remain  for  years  with- 
out any  tcndencj'  to  separate,  in  spite  of  vigorous  antisyphilitic  treat- 
ment, and  unless  their  separation  is  expedited,  tfie  wound  may  never 
close.  The  surgical  intervention  consists  in  opening  up  the  part  and 
scraping  away  the  diseased  tissue,  or,  where  it  is  very  dense,  chiselling 
away  some  of  the  dense  bone.  If  a  sequestrum  is  present,  it  should, 
of  course,  be  removed.  At  the  same  time  the  constitutional  treatment 
should  be  vijjorously  puslicd. 

In  hereditary  syphilis  the  changes  in  bone  are  of  great  interest. 
One  of  the  earhest  is  inflammation  of  the  e|jiphyscs  of  the  long  bones, 
more  especially  the  tibia,  tht:  humerus,  the  femur,  and  the  ulna.  This 
affection  Is  oflcn  symmetrical,  and  most  usually  affects  the  diaphysis  in 
the  immediate  neighborhood  of  the  epiphyseal  line,  the  condition  often 
going  by  the  name  of  "osteochondritis."  It  generally  occurs  during 
quite  an  early  period  of  hfe,  and  at  the  neighborhood  of  the  epiphj'sea! 
hne  the  bone  becomes  very  much  thickened,  and  a  tender  swelling 
appears,  forming  a  collar  around  the  end  of  the  boTie  at  the  epiphyseal 
line.  This  collar  is  due  to  marked  enilargemcnt  of  the  cartilage,  bone. 
and  periosteum  in  that  port.  In  some  cases,  where  the  disease  is 
neglected,  the  condition  may  go  on  to  separation  of  the  epiphysis  and 
destruction  of  the  epiphyseal  line. 

The  ftymptoms  to  wliich  this  condition  gives  rise  are  usually  pain 
in  the  part ;  in  fact,  wliat  the  mother  notices  in  the  first  instance  is  that 
the  child  does  not  seem  to  use  the  arm  at  all.  and  that  it  cries  when 
the  limb  i.s  moved.  On  examination  one  finds  a  collar-like  enlarge- 
ment of  the  end  of  the  bone,  very  often  symmetrical,  and  other  signs 
of  s)'philis. 

During  the  first  year  of  life  also  there  is  a  tendency  in  hercditar>' 
syphilis  to  the  production  of  bosses  of  spong>'  bone  on  the  skull, 
esjxicially  near  the  sutures,  the  condition  sometimes  resulting  in  the  for- 
mation of  four  bosses  around  the  anterior  fontanel,  one  in  connection 
with  each  of  the  bones,  or  in  enlargements  along  the  coronal  suture, 
giving  rise  to  what  is  known  as  the  "  natiform  "  skull.  At  a  later 
period  of  hereditary  syphilis  we  have  gummatous  changes  in  the  bone, 
just  like  those  which  occur  in  adults,  destruction  of  the  nasal  bones, 
of  the  palate,  and  of  other  bones. 

As  regards  the  treatment  of  hereditary  syphilis  of  bone,  in  the 
early  stage  mercurial  tiealment  is  the  best,  as  described  in  the  chapter 
on  Syphilis.  In  the  later  stages  potassium  iodid  combined  with  mer- 
cur)*  is  the  proper  treatment. 

Phosphorus  Necrosis.— The  eflect  of  phosphorus  on  the  bones  is 

often  vcrv  marked,  the  form  of  phospliorus  which  prtxluces  the  disease 
being  yellow  phosphorus,  not  red,  and  it  is  practically  always  the  lower 
jaw  which  is  affected.  The  result  of  the  action  of  the  phosphorus  is 
that  the  gums  become  ulcerated,  and  the  inflammatory'  condition  soon 
'^xtcmls  to  the  periosteum  and  the  bone.  I'criostitis  sets  in,  beginning 
at  the  alveolar  margin,  and  leading  to  the  formation  of  Urge  spongy 
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outgrowths  from  the  bone.  Following  this  the  gum  becomes  sore  and 
more  separated,  fetid  pus  is  constantly  poured  out,  and  a  large  portion 
of  the  jaw  becomes  diseased.  Subsequently,  the  piece  of  jaw  which 
has  become  affected  may  die,  and,  in  fact,  the  whole  or  the  greater 
part  of  the  lower  jaw  may  completely  necrose.  The  phosphorus 
sequestrum,  therefore,  is  not  a  piece  of  normal  bone,  but  consists  of  the 
original  bone  with  large  spongy  osteophytic  growths  on  the  surface. 
The  condition  of  the  patient  is  a  very  serious  one,  and  he  may  die  of 
septicemia  or  pyemia. 

As  regards  the  treatment,  the  first  essential  is  to  remove  the  patient 
from  his  employment,  or  at  any  rate  to  put  him  to  work  with  red  phos- 
phorus instead  of  yellow  phosphorus.  He  should  also  be  instructed 
to  wash  his  hands  very  thoroughly  before  food,  because  it  is  probable 
that  a  good  deal  of  the  trouble  is  due  to  particles  of  phosphorus  taken 
in  with  the  food,  rather  than  to  the  vapor  of  phosphorus ;  and,  further, 
his  gums  and  teeth  should  be  carefully  watched,  and  at  the  first  sign 
of  ulceration  he  should  give  up  his  work  and  use  antiseptic  washes, 
such  as  sanitas  and  Condy's  fluid.  Where  the  disease  is  once  estab- 
lished, there  are  two  alternatives  as  regards  treatment — either  to  wait 
for  the  separation  of  the  necrosed  fragment,  or  to  excise  the  affected 
part  of  the  jaw  at  once,  leaving  as  far  as  possible  the  osteogenetic 
layer  of  the  periosteum.  The  latter  is  by  far  the  most  satisfactory 
treatment. 

RICKETS. 

Rickets  may  be  defined  as  a  disease  of  the  period  of  growth,  asso- 
ciated with  general  disturbance  of  nutrition,  and  characterized  by 
alterations  in  the  bony  tissues,  deformities  of  the  skeleton,  and  various 
internal  disorders.  Rickets  usually  occurs  during  early  life;  but  in 
some  cases  children  are  born  with  rickets — so-called  fetal  rickets — and, 
on  the  other  hand,  the  rickety  deformities  may  not  occur  till  toward 
the  age  of  puberty. 

As  regards  the  etiology  of  rickets  many  theories  have  been  pro- 
pounded. The  two  which  seem  to  be  most  in  favor  are  that  it  is  due 
either  to  injudicious  feeding  during  infancy  or  to  imperfect  oxygenation 
of  the  blood.  Probably  both  these  views  have  a  certain  element  of 
truth  in  them.  According  to  the  first  view,  the  disease  is  more  espe- 
cially due  to  too  early  weaning  of  the  child  or  to  too  much  farinaceous 
food  during  the  first  year  of  life.  The  other  view  is  that,  as  the  result 
of  confinement  in  close  rooms,  the  blood  is  imperfectly  oxygenated, 
and  that  carbonic  acid  accumulates  in  the  blood  and  causes  the  irri- 
tating effects. 

Symptoms. — As  regards  the  effects  of  the  disease,  certain  general 
disturbances  usually  precede  the  occurrence  of  the  deformities.  The 
patient  is  subject  to  diarrhea  and  constipation ;  the  abdomen  is  tumid 
and  sometimes  tender ;  there  is  an  excess  of  phosphates  in  the  urine, 
profuse  sweating  about  the  head,  especially  at  night  while  the  child  is 
asleep,  delayed  closure  of  the  fontanels  (which  may  not  have  com- 
pletely closed  up  even  at  two  years  of  age),  delayed  dentition,  delay 
in  walking,  great  tendency  to  bronchitis,  the  occurrence  of  lar>'ngismus 
stridulus,  and  so  on.  From  a  surgical  point  of  view  we  have  to  do 
essentially  with  the  diseases  of  the  bones,  and  these  manifest  themselves 
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either  in  enlargements  about  the  epiphyseal  lines  or  in  curvature  of 
the  bones.  Hniargcment  in  the  neighborhood  oi  the  epiphyseal  lines 
always  occurs  to  a  grratcr  or  less  degree  in  rickets.  Curvature  of  the 
bones  depends  on  iiieciuuiical  causes,  and  may  not  Ijc  marked. 

On  making  a  section  through  the  cn<l  of  the  bone,  one  sees  that  in- 
stead of  the  two  sides  of  the  epiphyseal  caiiilagc  being  parallel  to  each 
other,  that  next  the  diaphysis  is  quite  irregular,  there  are  islets  of  carti- 
lage extending  into  the  l>one,  the  ei)iphyseal  line  is  very  much  thickened, 
and  the  ossification  is  very  irregular.  The  result  is  that  at  the  epiphyseal 
lines  one  can  feel  a  distinct  enlargement,  and  this  is  csijccialty  marked  in 
such  bones  as  the  radius,  the  lower  end  of  the  tibia,  the  ribs,  etc. ;  various 
bones  are  also  altered  in  .shape.  For  example,  the  head  of  a  rickety  pa- 
tient is  generally  larger,  higher,  and  narniwer  anteroposteriorly  than 
normal;  or  it  maybe  flattened  laterally  and  elongated  anteroposteriorly. 
The  frontal  and  parietal  bones  are  enlarged ;  the  sutures  and  fontanels 
are  slow  in  closing;  the  skull  may  be  soft  and  parchnicnt-like — a  con- 
dition known  as  "  craniotabes."  Dentition  is  delayed  for  a.s  much  as  six 
months  or  a  year;  the  teeth  may  be  irregular  and  imperfect ;  the  hard 
piilate  is  much  arched  ;  the  alveolar  bortlcr  of  the  up[>er  jaw  is  thrown 
forward,  that  of  the  lower  jaw  inward,  and  consequently  the  teeth  do 
not  meet.  In  the  thorax  enlargements  are  found  along  the  line  of 
junction  of  the  costal  cartilage  and  the  ribs,  forming  the  so-called 
rickety  rosary;  and  in  cases  where  there  has  been  any  obstruction  to 
expiration,  as  in  children  who  have  suffered  from  bronchitis  or  broncho- 
pneumonia, there  is  genenilly  the  tlefnrmity  known  as  pig  eon -breast. 
The  sternum  stands  forward,  the  cartilages  run  forward  toward  the 
sternum,  and  at  the  point  of  juncture  of  the  ribs  and  cartilages  there 
is  a  deep  groove.  In  rickets  also  the  chest  may  be  constricted  trans* 
versely,  the  lower  ribs  being  turned  outward — attributed  by  some  to 
increased  size  in  the  abdonn'nal  contents,  such  as  flatulent  distention  of 
the  intestines,  enlargement  of  the  liver  and  spleen,  etc.  The  spine  is 
not  uncommonly  cun'cd,  usually  a  gent-ral  ameroposierior  curvature, 
although  in  some  cases,  in  older  children,  the  curvature  may  be  lateral. 
The  pelvis  may  be  Hattened  anteroposteriorly,  or  the  acetabular  por- 
tions may  be  pushed  in  and  the  pelvis  assume  the  shape  of  an  ace  of 
hearts.  Very  often  it  does  not  develop  properly,  and  remains  small 
through  life.  The  boiie.s  of  the  extremities  become  enlarged  at  the 
epiphyseal  lines,  and  in  addition  there  is  also  a  certain  amount  of  bend- 
ing of  the  bone,  the  natural  curves  being  increased  if  the  patient  hears 
weight  on  the  soft  bones.  The  femur  becomes  cur\cd  anteroposteri- 
orly, and  the  tibia  most  commonlj-  flattened  laterally  and  cur^'cd  out- 
ward. Genu  valgum  is  also  not  uncommon  in  rickets,  and  is  frequently 
met  with  in  adolescent  rickets.  Further,  the  rickety  bones  arc  very 
soft,  and  are  very  liable  to  undergo  green-stick  fracture. 

Tbe  ctiAnge*  id  ilir  Imiiii-^  ii)n.<vis(  oMMiUally  in  exceojijvc  ptrinroiinii  for  dir  fnnnRlKiR 
of  new  hoiM*  nivd  imi>rrfm  rlrposit  nf  Ihr  h«nl  hnny  Mniclurr.  >lcnc*.  in  a<lt)jlk)ii  K>  (he 
ctiingei  in  the  epi|)li}-scal  litie  atieiidjr  nutJicd,  ihe  i>eriusl«utn  i^  verv  inucli  ihickrnci),  and 
ihr  wift  li««ur  in  lh«  HKvrr^ian  cannU  antl  lining  (hr  mcrJiilUrv  tpacc^  is  also  ideally 
incrcftKd  in  aruuunt.  Tbu«  the  aiDuunt  of  <len«c  txinc  is  Icm  than  nutmal,  and  th?  bones 
■  r»  "ofl  anH  «i»ily  Kent  wbrn  »ulijcc1r<l  !(>  |irc«tire.  If  a  rickrly  bone  in  the  acute  stage  of 
rickcO  it  nucctalrd,  it  prcscnlt  a  wntin-ealtri  a|>f>earanc?  on  tbv  turfacr,  due  lo  the  enlaiKC- 
mcnt  uf  the  Ilavcntait  canaU.  When  ihe  conditiun  ul  n<:kets  paMCs  tilt,  t>une  ik  formed  in 
conru-ciion  with  this  soTl  niaienal.  and  ihc  consetjuence  ih  that  the  bon«  become  much 
banJct  iukI  duua,  uid  «rc  wtnctimes  very  difficult  to  cut 
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As  regnrds  t  lie  treatment  of  rickels.  altentioii  should  be  j»aid  to 
tlic  feeding  of  tlie  child  and  to  the  hygienic  conditions.  In  the  first 
place,  farinaceous  food  should  be  avoided  during  the  first  year  of  life. 
at  any  rate  during  the  first  nine  montlis.  The  patient's  diet  should 
consist  entirely  of  tnilk — if  possible,  inother's  milk  or  that  of  a  wet 
nurse.  When  the  child  i.s  about  nine  months  old,  oatmeal  and  various 
prc]>.*ired  fotids  may  be  mixed  witli  the  milk,  but  it  should  be  done 
very  carefully,  ami  the  essential  diet  should  still  consist  of  milk. 
When  about  a  year  old,  one  may  begin  with  meat-juice,  an  egg  once 
or  ti\*ice  a  week,  a  little  gravy  and  potatoes,  or  gravy  and  bread.  TJie 
child  cannot,  of  course,  take  solid  animal  food  until  toward  the  end  of 
the  second  year.  The  patient  should  also  be  placed  under  good 
hygienic  eimditions.  should  be  warmly  clad  with  flannel  next  to  the 
skin,  and  care  taken  to  avoid  catching  cold;  It  should  be  out  in  the 
air  as  much  as  possible,  and  especially  in  the  sun.  and  if  it  can  be 
managed,  should  be  sent  to  the  sca-sidc  or  some  country  place.  As 
regards  drugs,  the  only  two  which  seem  to  be  of  any  spcdal  avail  arc 
cod-liver  oil  and  phosphorus.  Cod-liver  oil  should  always  be  given  in 
cases  of  rickets,  even  although  the  children  seem  to  be  well-nourished. 
Phosphorus  is  also  very  useful,  the  dose  being  yjg  grain,  and  it  is  con- 
veniently given  mixed  with  the  cod-liver  oil. 

If  po.ssiblCf  the  |)atient  should  be  sent  to  the  sca-sidc,  and  while 
there  sea-water  balJis,  or.  if  they  cannot  be  obtained,  baths  contain- 
ing .sea-salt,  arc  very  valuable.  The  bath  should  be  slightly  tepid, 
and  after  the  bath  friction,  especially  to  the  limbs  and  abdomen,  should 
be  employed,  and  continued  for  twenty  minutes  till  the  patient  is  in 
a  thorough  glow.  Any  complications  which  arise  must,  of  course. 
be  treated  on  the  o]dinar>^  medical  lines,  and  need  not  be  consideied 
here. 

From  the  surgical  point  oi  view  we  have  especially  to  consider  the 
deformities  which  arc  very  apt  to  occur  in  cases  of  rickct.-*.  Where 
wc  have  to  do  with  progressing  rickets,  the  child  should  not  be  allowed 
to  .stand  or  nm  about,  otherwise  deformity  of  the  lower  limbs  and 
peKis  will  almost  certainly  occur.  If  in  the  countr)',  it  should  be  kqrt 
lying  on  a  hard  mattress,  or  still  better,  allowed  to  lie  and  play  in  a 
sunn>'  place  on  a  heap  of  sand.  If  the  deformity  of  the  limbs  is  only 
slight,  the  probabilit>'  is  that  the  child  will  outgrow  it  if  standing  and 
walking  are  prevented,  and  more  especially  if  friction  of  the  affected 
limbs  is  attended  to  and  manipulations  of  tlie  defonnity  carried  out  in 
such  a  way  as  gradually  to  unbend  the  curve. 

Where,  however,  the  curve  is  marked  before  the  patient  comes 
under  the  notice  of  the  surgeon,  we  have  to  consider  the  question 
cither  of  the  application  of  splints  or  of  osteotomy  with  the  view  of 
remedying  the  deformity.  While  the  rickets  is  progressing  and  the 
bones  arc  still  soft,  the  application  of  apparatus  is  the  proper  treat- 
ment. 0|>eration  in  such  cases  would  lead  only  to  dlsapjiointmenl ; 
the  tleformily  would  almost  certainly  recur  when  the  child  began  to 
walk  about,  and  in  some  cases  the  bones  do  not  unite  after  the  opera- 
tion. Where,  on  the  other  hand,  the  rickets  has  pasM:d  off.  and  wc 
have  to  do  with  dense  bone,  splints  cannot  be  cx|>ected  to  exercise 
any  eflfcct,  and  operation  must  be  considered. 
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SCURVY  RICKETS. 

In  connection  with  rickets,  there  is  a  condition  which  must  be 
referred  to,  known  as  seitny  rickcls.  This  is  really  a  condition  of 
scurvy  occurring  in  infants,  and,  although  often  combined  with  rickets, 
is  not  necessarily  a  part  of  the  latter  disease,  so  that  in  that  respect  the 
name  is  somewhat  misleading,  The  condition  is  due  to  defective  feed- 
ing, and  probably  more  esixxially  to  the  employment  of  various  artificial 
infant  foods  and  also  to  prolonged  boiling  of  the  milk.  The  disease 
mainly  manifests  itself  by  sub[>eriostcaI  hemorrhages  in  the  long  bones. 
At  some  point  along  thr  course  of  the  bone  a  firm  swelling  develops 
which  gradually  increases  in  extent  and  may  spread  along  the  entire 
length  of  the  shaft.  This  swelling  consists  of  blood,  which  remains 
more  or  less  fluid  and  is  extravasated  beneath  the  periosteum  and  also 
to  a  lesser  extent  among  the  deejxT  muscles.  The  femur  is  most  com- 
monly affected.  Fractures  are  very  apt  to  occur,  either  spontaneously 
or  after  very  slight  manipulation  in  these  cases.  In  the  case  of  scurvy 
pure  and  simple  these  fractures  are  commonest  in  the  shafts  of  the  long 
bones  ;  while  in  the  case  of  scur\y  associated  with  rickets,  separation  of 
one  or  both  epiphyses  of  the  bone  afifected  is  more  likely  to  be  met  with. 
Spongy  and  bleeding  gums  are  not  very  noticeable  in  these  cases,  but 
spontaneous  hemorrhages  are  not  uncommon.  If  the  case  be  left  un- 
treated, the  hemorrhages  increase  and  the  child  dies  from  exhaustion  or 
from  some  intercurrent  affection.  The  condition  does  not  arise  in  infants 
brought  up  on  tlie  breast  during  the  ordinary  period  of  lactation. 

Treatment. — If  the  child  is  not  more  than  nine  months  old,  a  wet- 
nurse  is  ilie  best  arrangement ;  but  if  that  is  not  possible,  pure,  fresh 
cows'  milk  which  has  not  (>cen  boiled  should  be  given,  and  artificial 
food  or  prepjiretl  milk  absolutely  avoided.  The  juice  of  an  orange 
once  a  day  and  something  like  a  dozen  grajies  tluring  the  ilay  should 
be  added  to  the  diet.  Usuall)'.  under  tins  simple  treatment,  the  con- 
dition will  rapidly  improve,  and  in  the  course  of  two  or  three  weeks  the 
thickening  of  the  periosteum  w'xW  have  practically  disappeared.  After 
the  age  of  nine  months  the  diet  should  still  be  mainly  milk,  but  vege- 
tables and  fruit  should  be  consistently  adJed  to  it. 

OSTEOMALACIA. 

This  is  a  disease  usually  occurring  in  adult  women  after  pregnancy, 
the  chief  manifestation  of  which  is  softening  of  the  bones.  In  osteo- 
malacia rarefaction  of  the  bones  takes  place,  with  loss  of  calcareous 
salts,  the  bones  ir  the  first  instance  becoming  slightly  enlarged,  the 
medullary  cavity  increasing  in  size  and  containing  red  marrow,  and 
the  shell  of  the  bone  becoming  very  much  thinned  and  often  ^jcrfo- 
rated  like  a  sieve.  These  bones  are  extremely  liable  to  undergo 
fracture,  and.  ajiart  from  fracture,  they  bend  in  a  most  extraordinary 
manner.  Associated  with  this  increasing  change  in  the  bones  is 
usually  verj'  severe  pain  of  a  neuralgic  character,  and  the  |)atient 
suffers  in  health  and  strength.  The  disease  is  an  extremely  grave 
one,  and  usually  proves  fatal  in  about  two  years  from  its  commence- 
ment, death  occurring  from  manismus,  cachexia,  asphyxia,  or  some 
acute  affection  of  the  respiratory  organs. 
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As  regards  treatment,  in  the  first  instant  the  patient  should  be 
put  under  the  best  conditions  as  regards  hygiene,  and  lately  improve- 
ment has  been  recorded  from  the  use  of  tabloids  of  bone-marrow.  As 
to  drugs,  phosphorus,  phosphoric  acid,  and  more  especially  phosphate 
of  zinc,  ^  or  ^  grain,  given  in  a  pill  three  times  a  day,  are  advocated, 
but  they  do  not  exercise  any  particular  effect.  If  the  patient  is  preg- 
nant, it  is  often  well  to  produce  abortion.  Some  report  good  results 
from  oophorectomy. 

OSTEms  DEFORMANS. 

This  is  a  rare  disease  which  occurs  after  the  age  of  forty-five  and 
affects  males  more  often  than  females.  It  begins  insidiously  or  with 
pain  and  aching  in  the  bone ;  it  usually  commences  in  the  lower  extremi- 
ties, but  it  soon  spreads  over  the  chief  bones  of  the  skeleton.  The 
bones  become  enlarged,  heavy,  and  bent ;  the  femur  and  tibia  become 
arched  forward,  and  walking  is  difficult  from  the  weight,  deformity,  and 
muscular  weakness.  The  spinal  column  becomes  bent,  rigid,  and  thick- 
ened. There  is  loss  of  height,  the  hands  hang  lower  than  usual,  the 
shoulders  are  rounded,  the  head  projects  forward,  the  chin  is  raised,  and 
the  chest  is  sunk  on  the  pelvis.  On  making  sections  of  the  bones  they 
are  found  to  be  much  thickened  and  cancellous.  The  change  consists 
in  absorption  of  the  dense  bone  and  rarefying  osteitis,  resulting  in  parts 
in  the  formation  of  large  and  irregular  Haversian  canals,  while  in  other 
parts  formative  processes  are  going  on.  The  cause  of  the  trouble  is 
not  known. 

As  regards  the  prognosis,  the  disease  usually  steadily  progresses 
in  spite  of  any  treatment,  and  it  may  go  on  for  years ;  ultimately  the 
patient  dies  from  exhaustion,  although  in  some  cases  death  may  occur 
from  the  development  of  malignant  tumors  in  connection  with  the 
bone. 

The  treatment  is  practically  nil.  The  patient  is  generally  put  on 
a  milk  diet,  alkalies  given,  tabloids  of  bone-marrow  or  thyroid  extract 
may  be  administered,  and  he  is  placed  under  the  best  hygienic  condi- 
tions. Massage  is  employed  with  the  view  of  keeping  the  muscles  in 
vigor,  but  nothing  seems  to  have  any  real  power  in  arresting  the  disease. 

ACROMEGALY. 

This  disease  generally  commences  between  the  ages  of  fifteen  and 
thirty-five,  and  consists  in  enlargement  of  the  hands  and  forearms,  the 
feet,  the  jaw,  and  sometimes  of  other  bones.  It  is  accompanied  by 
mental  slowness  and  very  often  imbecility,  wasting  of  muscles,  exag- 
geration or  lo.ss  of  reflexes,  and  increasing  weakness.  The  bones  are 
more  porous  than  usual.  The  cause  is  unknown  ;  the  pituitary  body 
has  been  found  enlarged  in  several  cases.  Many  giants  are  acromegalic. 
The  patients  usually  die  comparatively  young,  of  phthisis  or  some 
infective  disease ;  their  resi.sting  power  is  ver>'  slight. 

The  treatment  is  absolutely  nil.  Tabloids  of  thyroid  extract  or 
of  pituitary  body  are  usually  prescribed. 

LEONTIASIS  OSSIUM. 

This  is  a  disease  which  is  characterized  by  the  occurrence  of  marked 
outgrowths  on  the  upper  jaw,  and  sometimes  on  the  skull.     These  out- 
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growths  consist  of  masses  of  spoiipy  bone  which  may  fill  up  the  antrum, 
the  nasal  cavity,  and  the  orbit,  cir  press  upward  against  the  bast  of  the 
skull,  causing  serious  effects  from  the  pressure — for  example,  in  the 
case  of  the  orbit  leading  to  atrophy  of  the  optic  nerve,  and  ultimately 
to  blindness.  Very  frequcnllj-  the  patient  dies  as  the  result  of  intra- 
cninial  prL-ssiirL-.  Here  agnin  the  t-tiology  iif  tht  ilisL-ast-  is  unknown, 
and  there  is  practic;illy  no  rtmetly.  In  some  cases  the  Ixjsses  in  the 
up[)tT  jaw  may  be  chiselled  away  if  they  are  found  to  be  projecting 
into  the  orbit,  or  portions  may  be  removed  which  are  pressing  on  the 
base  of  the  skull ;  but  the  disease  recurs  almost  immediately. 


TUMORS  OF  BONE. 

Many  tumors  occur  in  bone,  cither  developing  primarily  in  the  bone, 
or  as  secondary  tiimnrs  in  connection  with  growths  in  distant  parts,  or 
a]^in  from  involvement  of  the  bone  in  tumnrs  commencing  in  the  soft 
parts  in  tlie  ncighborlnKid, 

The  primary  tumors  of  bont:  are  clnelly  exostoses,  chondromata, 
and  various  forms  of  sarcomata.  Ihc  secondarj'  tumors  arc  sarcomata 
and  carcinomata.  Hyatid  c)sts  are  also  said  to  occur  in  bones.  The 
treatiiiLiu  nf  tumors  of  bone  depends  on  tlie  nature  of  the  tumor  and 
the  bone  afll-ctcd. 

The  exostoses  of  bones  occur  in  two  forms:  the  sessile  exostoses, 
wliich  are  chiefly  foinul  on  the  skull,  and  the  sporg>'  exostoses,  which 
occur  generally  about  the  neighborhood  of  the  epiphyseal  lines  of 
bones.  The  spongj.-  exostoses  may  be  multiple,  and  may  interfere  very 
much  with  the  movements  of  the  joint  or  the  muscles  in  the  netghbor- 
homl.  They  are  hard  and  knobby  on  the  surface,  and  arc  firmly 
attached  to  the  bone  in  the  neighborhood  of  the  joints.  They  are 
com^ioscd  of  cancellous  bone,  ruul  grow  at  the  surface  from  a  layer  of 
cartilage  which  covers  them.  This  cartilage  very  soon  completely 
ossifies  at  the  point  where  the  exostosis  is  attached  to  the  bone,  and 
thus  growth  ceases  at  that  point,  whereas  it  continues  in  all  directions 
on  the  surface,  giving  rise  to  the  overhanging  character  of  the  tumor, 
so  that  a  tumor  which  may  be  in  realitj*  vcr)'  large  may  have  only  a 
veiy  narrow  neck  of  junction  with  the  bone. 

The  treatment  of  these  exostoses  is  removal  wherever  they  are 
causing  any  trouble.  If  the  operation  is  done  antiseptically,  it  is  free 
from  danger.  The  operation  consists  in  making  an  incision  toward  one 
side  of  the  tumor,  so  as  to  get  at  the  neck,  exposing  the  point  of  attach- 
ment to  the  bone,  and,  after  clearing  it.  cliiselling  it  across  close  to  the 
bone.  The  exostosis  xam  then  usually  be  shelled  out  of  the  tissue  in 
which  it  is  lying  without  any  trouble.  If  it  has  involved  any  tendon  or 
nerve  in  the  overhanging  processes,  these  must  bo  carefully  cleared. 
Asepsis  is  imperative. 

The  sessile  or  ivory  exostoses  arc  com[)osod  of  dense  bone  usually 
showing  only  lacunie  and  canaliculi,  but  no  Haversian  canals.  They 
seldom  attain  any  great  size,  and  are  generally  found  on  the  skull. 
Beyond  producing  a  little  deformity,  they  do  not,  as  a  rule,  cause  any 
trouble  to  the  patient,  and  therefore  their  removal  is  seldom  called  for 
unless  as  a  matter  of  |)ersonal  ap]H:arance.  The  operation  is  not  alto- 
gether free  from  risk.     The  exostoses  themselves  are  extremely  dense, 
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and  considerablt;  force  is  required  to  chip  them  uff.  so  that  \\\  exercising 
the  ncccs'iary  amount  of  force  in  the  case  of  the  skull  one  may  produce 
a  fissured  fracture.  Where  the  exostosis  is  small,  a  large  trephine  n\ay 
be  placed  over  and  including  the  exostosis,  and  the  whole  thickne>is  of 
the  skull,  or  at  any  rate  the  outer  tabic,  removed  ;  but,  as  a  rule,  unless 
under  special  circumstances,  where  thcj*  arc  causing  pressure  on  nerves, 
or  where  tliey  are  growing  into  the  orbit  or  pressing  on  the  brain,  the)* 
arc  hi-tti-r  Irft  alone. 

Chondromata. — ^Thcsc  are  also  common  tumors  of  bones,  and 
they  most  frequently  occur  in  ctmnectinn  witli  the  phalanges  or  meta- 
carpal bones.  They  are  usually  multiple,  and  may  grow  cither  from 
the  outside  of  the  bone  or  in  the  interior.  They  are  usually  benign. 
The  chondromata.  on  the  otlier  hand,  may  give  rise  to  ver)'  remarkable 
defnrmitj"  from  the  presence  of  multiple  timinrs  in  connection  with  the 
bones,  and  nuiy  interfere  very  serii>u>ily  witli  the  usefulness  of  the  hand 
from  pressure  on  the  tendons,  interference  with  movement*  of  joints, 
etc.  The  tumors  are  generally  smooth,  often  knobby  and  somewhat 
elastic. 

Treatment. — In  most  cases  it  is  advisable  to  remove  these  enchon- 
dromatii  in  the  early  stage,  because  they  usually  go  on  growing  and 
attain  a  size  which  ultimately  interferes  with  tlie  movements  of  the 
part.  In  removing  them  it  is  usually  sufficient  tn  cut  down  on  the 
tumor,  chisel  away  the  projecting  portion,  and  then  thoroughly  gouge 
away  any  deposits  of  cartilage  which  may  be  present  in  the  ncighbor- 
hnad.  If  they  are  growing  in  the  interior  of  the  bone,  one  must  chisel 
througJi  the  shell  of  the  bone  and  scoop  out  the  soft  cnchondroma- 
tnus  material  from  the  interior.  It  is  seldom  necessary  t<i  amputate 
a  finger  or  to  remove  a  metacarpal  Imihc  on  .iccount  of  these  enchon- 
dromata.  In  some  cases  these  enchondromata  do  not  appear  to  be 
quite  simple,  and  where  tlierc  is  a  suspicion  of  any  malignant  cliaracter 
about  the  growth,  it  is  better  to  amputate  if  possible;  but,  as  a  rule, 
these  semi-malignant  enchondromata  are  not  those  which  occur  on  the 
hands  or  feet.  They  are  usually  llmse  which  occur  about  the  pelvi* 
and  other  parts,  where  their  removal  is  not  possible,  and  the  probability 
is  that  they  are  a  comhination  of  sarcoma  and  chondroma. 

Sarcomata  of  hnnc  may  be  of  various  kinds.  Perhaps  the  most 
common  is  the  osteosarcoma  or  periosteal  sarcoma,  which  begins  in  the 
periosteum  of  the  bones  and  spreads  along  the  periosteum  for  a  vcr^* 
considerable  distance.  These  tumors  usually  show  vcrj'  imperfect  ossi- 
ficalicm,  and  the  secondary  tumors  ticcurring  in  the  lungs  and  elsewhere 
generally  show  the  same.  This  is  a  very  malignant  form  of  sarcoma, 
and  the  chances  of  rescuing  the  patient  by  operation  are  verj'  small. 
Nevertheless,  one  should  give  the  patient  a  chance,  and  the  best  pros- 
pect is  in  amputation  wide  of  the  disease.  In  tliese  cases  of  periosteal 
sarcoma  no  attempt  should  be  made  to  .save  any  portion  of  the  affected 
bone;  the  openUion  must  be  performed  through  or  above  the  neighbor- 
ing joint.  Unfortunately,  however,  metastatic  deposits  occur  very  early 
in  these  cases,  affecting  the  glands  and  the  lungs,  and  the  great  major- 
itj'  of  these  cases  of  osteosarconiata  recur  after  removal.  The  bone 
most  frequently  affected  is  the  femur.  The  disease  gives  rise  to  en- 
largement generally  at  the  lower  end  of  the  femur,  usually  more  or 
less  unilateral,  extending  upward  along  the  shaft  of  the  femur. 
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Spindle-celled  sarcomata  also  occur  in  connection  with  t}ie  penos- 
teum  of  bones,  yiviny  rise  to  liiniors  not  readily  distinguishable  from 
the  osteo sarcomata  just  referred  to.  In  this  case  also  amputation 
through  the  bone  or  joint  above  is  the  best  practice. 

Round*ceMed  sarcoma  also  occurs  in  connection  utth  bones,  and 
it  very  often  jjrows  in  the  interior,  perhaps  the  most  common  seat 
being  the  head  of  the  humerus.  Here  we  have  to  deal  with  a.  very 
malignant  tumor.  In  these  cases  of  round-celled  sarcomata  there  is 
marked  enlargement  of  the  bone,  and  the  tumor  is  soft  in  consistence 
where  it  has  burst  through  the  shell  of  the  bone.  One  point  of  impor- 
tance is  that  it  vcPi*  seldom  destroys  the  articular  cartilage  and  spreads 
into  the  joint.  Where  it  spreads  on  to  a  neighboring  bone,  it  is  by 
bursting  through  the  shell  of  the  bone  bey<ind  the  articular  cartilage 
and  spreading  in  the  ligaments  oftlie  jnint.  Tliis  should  be  very  care- 
fully borne  in  niintl.  and,  as  a  matter  of  fact,  in  amputation  of  the  upjwr 
arm  for  round-celled  sarcoma  of  the  humerus,  for  example,  the  liga- 
ments of  the  joint  and  the  articular  surface  of  the  scapula  should  also 
be  rem  lived. 

Myeloid  sarcoma  grows  especially  about  the  lower  end  of  (he  femur, 
the  lower  end  of  the  tibia,  anti  the  lower  jaw.  This  is  the  least  malig- 
nant of  all  the  forms  of  sarcomata;  in  fact,  it  Is  a  question  whethL-r  it 
should  be  included  in  that  group  at  all.  Growing  in  the  situations  men- 
tioned, it  usually  commences  in  the  interior  of  the  bone,  and  leads  to 
expansion  of  the  end  of  the  bone,  which  after  u  time  becomes  more  or 
less  one-sided.  Ultimately  it  [K;rforates  the  bone  and  extends  in  the 
soft  tissues.  It  forms  there  a  fairly  well-limited  soft  swelling  on  the 
side  of  the  bone,  often  cystic  in  character.  On  section,  a,  myeloid  sar- 
coma is  of  a  chocolate  color,  and  usually  contains  numerous  cysts  in 
the  interior,  as  the  result  of  mucous  degeneration  commencing  in  con- 
nection with  the  large  myeloid  cells. 

As  regard.*)  treatment,  on  account  of  the  lesser  degree  of  malignity, 
it  is  not  necessary-  to  treat  the  cases  so  thoroughly  as  in  the  other  forms 
of  sarcoma;  in  fact,  in  a  considerable  number  of  cases  the  myeloid 
tumor  may  be  simply  scraped  away.  If  this  is  done,  it  must  be  dune 
very  thoroughly,  and  one  must  be  quite  sure  that  all  the  growth  has 
been  removed,  otherwise,  of  course,  it  will  recur.  Apparently,  how- 
ever, it  does  not  spread  and  infiltrate  the  tissues  to  any  great  extent,  so 
that  very  little  tissue  need  be  removed  beyond  the  actual  tumor  itself. 
Sometimes,  where  a  myeloid  sarcoma  has  been  in  existence  for  some 
time,  this  is  not  feasible,  because  no  solid  bone  is  left  behind,  and  in 
these  coses  it  is  necessary  to  amputate.  Amputation  even  then  need 
only  be  dtinc  through  the  bone  a  short  distance  above  the  tumor. 

Malignant  tatnors  also  occur  in  bones  secondarily  to  epithelio- 
mata,  carcinomata,  or  sarcomata  elsewhere,  and  they  lead  to  the  forma- 
tion of  tumors  presenting  all  the  malignant  characters,  and  in  the  case 
of  carcinomata  usually  accompanied  with  very  intense  neuralgic  pain. 

As  regards  treatment,  no  attempt  need  be  made  to  remove  them, 
as  they  indicate  extensive  infection  of  the  system,  the  treatment  con- 
sisting in  steadying  the  part  in  cases  where  the  tumor  has  so  eroded 
the  bone  that  it  has  given  way,  and  in  taking  measures  to  relieve  Uic 
pain  as  far  as  possible. 


CHAPTER    XX. 

DISEASES  OF  THE  JOINTS. 

SYNOVITIS. 

Synovitis  is  an  inflammatory  condition  of  the  serous  lining  of  a 
joint. 

Pathology. — The  clinical  term  "  inflammation  "  expresses  most 
definitely  to  the  average  professional  mind  the  phenomena  resulting 
from  the  contusion  of  a  joint  or  incited  by  the  entrance  of  a  foreign 
body.  The  process  may  be  simply  a  histologically  regenerative  one 
without  the  presence  of  bacteria,  or  it  may  advance  to  a  destructive 
condition  where  the  micro-organisms  are  specific  in  character. 

Inflammation  embraces  the  pathological  conditions  which  are  the 
effect  of  these  organisms  upon  histological  elements  contained  in  the 
blood  or  in  the  tissue-cells.  An  excellent  definition  of  this  process  is 
"the  phagocytic  method  by  which  an  organism  attempts  to  render 
inert  noxious  elements  introduced  from  without  or  arising  from  within." 
The  stages  of  hyperemia^  congestion,  stasis,  exudation,  emigration  of 
wandering  cells  or  of  red  cells  (diapedesis),  arc  essential  elements  in  this 
phagocytic  process.  It  is  not  the  migrated  cells  that  chiefly  produce 
new  tissue,  but  the  increased  functional  activity  of  the  fixed  tissue-cells 
due  to  the  presence  of  this  exuded  element. 

Resistive  power  being  vigorous,  the  circulation  may  be  restored, 
resorption  occur,  and  speedy  cure  follow.  It  is  argued  by  some  authors 
that  this  process  should  not  be  classed  as  an  inflammation,  since  micro- 
organisms are  not  concerned.  Should  the  resistive  power,  however,  be 
less  positive,  or  the  traumatism  more  severe,  micro-organisms  gain 
access,  and  the  infection,  added  to  congestion  and  exudation,  will  result 
in  emigration  of  leukocytes  and  other  cells,  phagocytic  conflict,  and  the 
resultant  debris  of  destructive  action — pus. 

Contusions,  sprains,  or  any  form  of  traumatism,  direct  or  indirect, 
may  be  productive  of  a  hyperemia  followed  by  the  ordinary'  phenomena 
of  an  inflammatory  process,  with  loss  of  function  and  increased  exudate 
of  normal  joint-fluid,  or,  in  further  continuance  of  the  process,  by 
fibrinous  exudate.  Should  the  articulation  become  infected  by  pyo- 
genic cocci,  either  from  without  or  from  within,  suppuration  will  follow, 
with  destruction  of  the  cartilage;  or  the  process  may  advance  to  bone- 
disease,  a  condition  which  will  be  described  under  Arthritis. 

Flexion  i.s  favored  by  distention  and  by  muscular  contraction  in  the 
attempt  to  place  the  joint  at  rest.  In  the  slow  or  chronic  variety  the 
distention  may  increase  ver>'  graduallj-  and  be  unaccompanied  bv  any 
of  the  ordinary  symptoms  enumerated.     In  certain  joints,  as  in  the 
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mce,  where  the  area  of  synovial  membrane  is  large,  the  amount  of 
fluid  present  is  sometimes  great.  The  ramifications  of  the  membrane 
bencall)  and  above  the  patella  and  the  bursa  beneath  the  quadriceps  are 
seriously  involved  in  the  process. 

The  effect  of  rapid  exudation  of  scrum  foElowing  a  severe  injury  of 
the  knee  is  well  tllustratetl  in  the  acc<impanying  cut,  in  which  the 
sudden  increase  of  fluid  in  the  bursa  above  and  below  the  ]Kilc]l;i  gives 
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R&  343.— SynoviaJ  «lfukion  kioiuliilintf  fnctutcd  paicUa. 

the  appearance  of  a  fracture  of  the  bone  with  separation  of  fragments 

(I'ig-  343)- 

Rhcumatism,  acute  fevers,  infectious  processes  of  micro-organisms, 

etc.,  are  also  among  the  causes  of  aynovib's,  and  will  be  further  consid- 
ered under  special  headings. 

Dias^nosis. — The  diagnosis  w|[I  depend  ujwn  the  hislor>'  of  trau- 
matism, and  the  differentiiitioii  of  acute  symptoms  from  those  of  rheu- 
matic, septic,  or  other  origin. 

Treatment. — The  essential  element  of  treatment  is  rest  of  the 
affected  joint.  This  is  acconipli.shcd  by  the  removal  of  weight-bearing, 
by  fixation  of  the  articulation  with  some  form  of  splint,  the  application 
of  ice-bags  or  of  the  ice-coil,  and  local  evaporating  lotions  of  witch 
hazel,  tincture  of  opium,  or  astringents.  The  employment  of  hot 
douching  for  an  hour  following  the  reception  of  a  sprain  will  frequently 
greatly  lessen  not  only  the  pain  but  the  resultant  effects.  This  process 
may  be  repeated  with  advantage  once  or  twice  during  the  first  twenty- 
four  hours  following  an  injury.  Absolute  rest,  by  arresting  hyperemia 
and  subsequent  inflammation,  guards  against  resultant  ankj'Iosis.  The 
more  complete  the  enforcement  of  rest,  the  more  certain  will  Ik-  the 
abortive  effects :  consequently  confinement  I"  Ijed  or  the  employment 
of  crutches  and  splints  is  of  the  greatest  imjiortance. 

Splints  of  wood,  felt.  tin.  silicate,  or  pla.ster  of  Paris  are  especially 
helpful  by  resisting  muscular  action  and  preventing  even  the  slightest 
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movement  of  the  joint.  Tlic  splint  cannot  be  applied  too  early,  as 
abortion  of  tlic  process  will  often  save  weeks  or  months  of  disability  or 
disease,  and  effusion  often  takes  place  within  a  few  hours  adcr  liter 
injury. 

Serous  cfTusiun  may  be  treated  by  local  coitnttrrirritants,  blisters, 
pressure  with  compressed  sponfje,  or  by  aseptic  aspiration.  Aspiration, 
if  cleanly  performed,  should  be  emploj^ed  early  in  order  to  promote 
speedy  recovery  of  circulatioti  in  tite  compressed  serotis  membrane. 
Adhesive-plaster  strapping  will  greatly  assist  in  absorption  of  fluid  and 
in  giving  uniform  support  to  a  joint,  and  is  preferable  to  an  ordinary 
bandage.  When  applied  to  the  entire  convexity  of  a  joint  it  greatly 
limits  motion. 

Suppurative  .synovitis  should  be  tested  with  an  aspirator,  and  if 
streptococci  are  present,  incision  with  irrigation,  and  drainage  if  neces- 
sary, should  be  practised. 

Septic  synovitis  occurring  in  the  course  of  an  acute  septic  condition 
ha.s  its  origin  friirn  to.xic  elements  in  the  blood,  and  suppuration  is  the 
rule :  conricqueiitly  early  incision  with  cleansing  is  essential.  Caution, 
however,  should  be  c.'ccrciscd  in  irrigating  a  joint.  Simple  sterile  water 
or  salt  solution  are  best,  but  weak  soUitions  of  bichiorid(i  :  io,oool, 
clilorid  of  zinc  (i  :  3000),  or  formaldehyd  (1  :  lOOO)  maybe  employed. 

ARTHRITIS. 

Arthritis,  or  acute  articular  osteitis,  is  an  inflammatory  condition  of 
the  joint-structures,  involving  both  synovial  meiiibnuie  and  the  sur- 
rounding hard  and  soft  tissues, 

^ftiology. — The  fonns  of  arthritis  arc  classified  chiefly  according 
to  their  causes,  as  traumatic,  rheumatic,  gonorrheal,  tubercular,  febrile, 
etc.,  which   will  be  consifUmtl   uiidur  their  special  heiidings. 

Symptoms. — Arthritis  may  commence  as  a  synovitis,  extension 
occurring  from  the  .synovial  membrane  to  the  cartilage,  ihence  to  the 
bone-struclurcs ;  or  the  process  may  advance  from  tlic  bone  toward 
the  articulation,  as  in  tubercular  osteomyelitis.  The  process  is  ordi- 
narily less  acute  than  in  sytioviti.s ;  the  p:un  is  inten.se.  while  tlie  cxuda- 
tion  into  the  tissues  about  the  joint  will  vary  with  llie  cau.sativc  disease. 
Flexion  is  the  rule,  auiil  night-cries  arc  common, from  the  impingement 
of  the  inflamed  surfaces. 

In  simple  traumatic  arthritis  without  a  septic  cause,  the  symptoms 
will  at  first  be  similar  to  those  described  under  Synovitis;  but  the 
steady  extension  to  the  surroimding  structures  soon  gives  evidence  of 
a  wider  area  of  involvement,  even  to  bony  structure.  I'ain  is  usually 
severe  ;  redness,  heat,  and  swelling  arc  more  marked,  and  infection  from 
staphylococci  and  streptococci  is  rapid.  In  the  chronic  fomi-s  of  tiibcr- 
cutar  and  rheumatoid  arthritis  the  symptoms  are  slow  and  insidtuus, 
niid  their  recognition  is  more  tlifficult. 

Acute  suppurative  arthritis,  ending  in  complete  ankylosis,  often 
arises  from  punctured  septic  wounds.  The  skiagraph  exhibits  a  non- 
.suppurative  punctured  wound  in  childhood  resulting  in  ankylosis  so 
absolute  that  the  cancellated  tissue  of  the  femur  and  that  of  the  tibia 
appear  in  adult  hfc  to  be  absolutely  continuous  (Kig.  344). 
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Pathology .—Tn  simple  anhrilis  ihe  pmcfw  i»  primarily  une  of  hvpereinia,  »»  described 
tiinlct  SjniFMli*.  llir  ("iiililioit  bcinK  *tcoin|)aiii«l  early  liy  llir  rTinUlinn  of  cvlI-cIemeiiU 
ini<?  the  surraundinfi:  iissui->.  ShoiiW  ihix  i-Midace  (IcgcntnUc.  eilhct  from  infL-ctiun  liy 
pyogenic  cocci  or  from  external  cau*L'!s  MipiHiraliiin  will  fulluw,  witli  ^h^^  Ium  of  tencsub- 
slancc.  In  septic,  gonorrhva),  anrf  similar  infcciion*  »up|>untiua  may  t«k<:  place  in  a  few 
hounL 

Diagnosis. — The  diagnosis  of  the  existence  of  arthritis  is  not  dif- 
ficult, but  the  discovery  of  the  cause  will  inckidc  a  review  of  the 


no.  344-— I'ntal  oblileralloD  of  l)i«  knce-joint,  wilh  fiisiun  ot  ti-nmr  and  ubla. 

entire  history  and  progress  of  the  disease  wilh  all  its  attendant  symp- 
toms. The  -Stealthy  advance  of  a  tubercular  process  in  a  joint  where 
resistive  power  has  been  lemi)oranly  reduced  by  an  injury  is  so 
frequent  that  its  occurrence  should  always  be  suspected.  Induration, 
doughy  in  character,  especially  when  situated  over  the  neighboring 
bone-areas  rather  than  directly  about  the  articulation,  should  at  unce 
arouse  suspicion  «if  tuberculosis. 

Rlwuniatic  and  yoiily  .irthritis  are  u.sually  accompanied  by  fever 
and  other  constitutional  symptoms,  and  several  joints  are  liable  to  be 
infected.  In  rheumatoid  or  dry  arthritis  the  onset  is  slow,  creaking 
is  often  distinct,  and  nodosities  are  common. 
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Bursae  about  the  knee,  when  chronically  inflamed,  will  give  to  the 
surgeon  the  sensation  of  a  localized  soft  fluctuating  tumor,  and  will  be 
accompanied  with  lameness  and  tenderness.  Flexion  is  usually  absent, 
or  not  so  marked  as  in  joint -inflammation. 

The  prognosis  will  necessarily  depend  upon  the  severity  of  the 
process  and  the  character  of  the  infection. 

Treatment. — The  treatment  will  include  the  removal  of  the 
exciting  cause,  and  the  control  of  the  condition  as  indicated  under  the 
special  forms  of  arthritis.  Rest  should  primarily  be  thoroughly  enforced 
in  bed,  or  later  upon  crutches  in  the  open  air,  provided  the  lower  limb 
be  the  one  affected.  Weight-and-puIIey  extension  is  often  of  service. 
Splints  of  wood  or  plaster  are  of  absolute  importance.  Locally,  iodin, 
bhsters,  absorbent  liniments,  mercury,  belladonna,  etc.  are  helpful. 
Internally,  potassium  iodid,  arsenic,  iron,  cod-liver  oil,  etc.  are  indi- 
cated. Surgically,  in.  all  the  suppurative  forms,  early  incision,  washing, 
and  drainage  are  essential.  Erasion  and  excision  may  become  neces- 
sary, and  amputation  must  be  practised  in  special  cases. 

Acute  Gouty  Arthritis. — Acute  gouty  arthritis  is  a  form  of  joint- 
inflammation  due  to  perverted  nutrition  and  the  accumulation  of  uric 
acid  salts  in  the  blood,  producing  deposits  of  sodium  urate,  etc., 
especially  in  the  smaller  articulations. 

Etiology. — Gout  Is  a  disease  in  which  the  income  of  nutrition  is 
greater  than  the  outgo  of  waste.  Limited  excretion  and  the  accumu- 
lation of  uric  acid,  producing  derangement  of  nutrition,  are  recognized 
factors.  Both  defective  oxidation  and  defective  elimination  are  present. 
Active  cell-proliferation  probably  causes  the  primary  disturbance,  while 
the  deposits  are  secondary. 

Heredity  plays  a  most  important  part  in  the  production  of  this  dis- 
ease. The  special  originating  causes  are  excesses,  especially  in  the  use 
of  alcoholic  liquors  and  the  heavier  wines  and  in  food-supply,  although 
it  is  erroneous  to  assume  that  this  disease  is  necessarily  one  of  luxur>'. 
A  deficient  amount  of  food  and  lack  of  air  and  sunshine  are  also  fre- 
quent causes. 

The  smaller  articulations  suffer  more  than  the  larger  ones,  and 
various  manifestations  of  poison  are  found  in  the  throat,  head,  eyes, 
and  all  portions  of  the   body. 

The  acute  variety  is  sudden  in  its  onset  and  accompanied  by  the 
most  excruciating  pain,  with  other  inflammatory  symptoms  in  the 
smaller  joints.  Its  exacerbations  are  most  severe  at  night.  I  have 
seen  violent  attacks  occurring  in  one  night,  following  an  excessive  use 
of  ch:impagne.  with  inflammatory  symptoms  sufficiently  severe  to  end 
in  suppuration  of  a  knee. 

Treatment. — The  cure  of  gouty  arthritis  consists  in  the  elimination 
of  the  cause  and  the  combating  of  the  articular  inflammation.  The 
most  hopeful  aids  are  alkaline  waters,  diuretics,  diaphoretics,  and 
cathartics,  with  abundant  fluids.  Local  anodyne  applications  relieve 
pain.  Superheated  hot  air  (see  p.  707)  is  useful,  as  it  assists  in  the 
absorption  of  the  uric-acid  deposit.  Care  must  be  taken,  however, 
wlien  this  treatment  is  employed,  that  the  products  thus  scattered  shall 
not  be  retained  in  the  system,  but  that  they  shall  be  flushed  out  either 
through  the  kidneys,  or  intestines,  or  skin.     Operative  interference  will 
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be  called  for  in  cases  of  joint-suppuraticn.  In  such  cases  the  treatment 
will  be  washing  and  drainaj^e  as  in  nrdinar>*  suppurative  arthritis. 

Acnte  Rheumatic  Arthritis. — Rheumatic  arthritis  is  an  inflam- 
matory cortdilion  of  a  joint  pr<iduccd  by  a  special  poison,  probably 
chemical,  but  possibly  a  saprophytic  orj^anism  acting  upon  the  fibrous 
tissues. 

Etiology  and  Symptoms. — Various  organisms  arc  claimed  to  be 
quite  persistently  present,  a  delicate  diplococcus  diflering  from  thai  of 
pneumonia,  the  various  streptococci,  the  staphylococci,  etc.,  but  their 
causative  effect  is  not  yet  definitely  fixed. 

Achnlinc,'  fnim  ceseuircheN  on  liMth  ileatl  and  living  '>odiw,  daiin<  tn  hnve  discovered  Ki 
abundance  of  rod-shaprd  a^mbk  IxKiLli  in  ■  sUilc  of  pure  culluce  >»  the  numial  lluidi, 
myncanliuni,  niiil  JiMv-tril  mlvc->  of  tlic  hrarl.  Hiolngk-ttlly  itie  bnctllus  is  prL-ulinr  in  that 
iu  culture  ipTc*  ri*e  (o  *hc  pnjtlnciinn  of  laciic  nnd  other  acids.  Tnoculition  given  chnrac- 
Iciirtic  IcMons  ami  tunica  |>i^  ituiLululiun  >crutn  K<^*^  ri^^  1°  lesions  of  vndoL-aniiiim  and 
picum.  Triboulcl  nnd  (.ayun  '  also  claim  lo  have  isolated  the  diplococcus  .\  joint  *ytiii^-jal 
mnabnint,  being  exceraivdy  vatcular,  may  rcedily  receive  either  microbes  or  toxins  directly 
from  the  ve&scls. 

Litbemia,  a  condition  of  defective  climinatiTc  metabolism,  has  very  properly  beeo  long 
considered  one  nf  the  chief  cause§  of  rhrumaiisnt,  niut  it  i«  protiable  that  ihe  caux^  i« 
chemical  rather  than  bacierinl.  Ceruinty  an  cxceii*  of  uric  acid  exists  iti  the  bliix^l  of  most 
rheumatics. 

Diagnosis. — The  chief  .surgical  interest  in  this  disease  will  He  in  the 
cffoiitodJfTcrcntiatc  the  acute  condition  of  joint-inflammation  fromsL-ptic 
hygienic  and  other  processes  in  the  joint,  from  qjipliysitis.  acute  arthritis, 
osteomyelitis,  and  tubercular  disease.  HundreiLs  of  tubercular  joints 
are  lost  through  the  mistaken  diagnosis  of  rhiruniatisni.  In  children  it 
would  be  far  better  tu  adojjt  the  rule  that  rheumatism  of  a  single  joint 
without  positive  symptoms  nrvLT  occurs.  The  slow  onset  of  tuljercular 
disease  and  the  early  rigidity  of  mu.sclcs  arc  sufficiently  distinctive  to 
establish  a  diagnosis. 

In  acute  infectious  processes  in  the  bone  the  rapid  progress  of  the 
symptoms  and  the  s|jeedy  advancemt:nt  to  suppuration  arc  diagnostic. 
The  habit  of  attributing  all  joint-pains  lo  rheumatism  is  one  of  the 
most  fateful  of  errors. 

Treatment. — Medicin.illy.thc  treatment  consists  in  the  employment 
of  salicylates,  salot,  oil  of  wintergrecn,  methylic  salicylate,  etc.  Sper- 
min  has  also  been  advocated  for  its  metabolic  action. 

Surgically,  local  anodynes,  solutions  of  sodium  carbonate,  with  dry 
and  moist  heat,  will  rcUeve  pain.  The  ordinary  electric  bulb  makes  an 
effective  and  spetrdy  means  of  applying  dry  heal.  The  aj>plicatiun  of 
the  .V-rays  to  acute  rheumatic  joints  has  been  stated  to  be  helpful  in  the 
arrest  of  the  proces.s. 

During  the  acute  stage  absohitc  rest  in  bed  and  the  applieation  of 
splints  to  limit  motion  and  thus  prevent  inflammatory  deposits  arc 
essential.  Fibrinous  exudates  arc  best  absorbed  by  the  use  of  super- 
heated dry  air,  which  as.sisls  in  the  softening  of  the  exudate  and  then 
in  its  being  carried  on  by  the  increased  local  circulation.  The  apjia- 
ratus  for  the  application  of  superheated  air  consists  of  a  bra.s5  cylintlcr 
(Fig.  345)  30  inches  long  by  16  inches  in  diameter,  thickly  lined  with 
asbestos  and  magnesia,  and  heated  below  by  gas.  alcohol,  or  oil.     One 
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end  of  such  cylinder  consists  of  a  canvas  sleeve  willi  ;i  drawing  string 
to  grasp  the  inserted  leg  or  arm.  A  si>ccial  sleeve  witli  four  flaps  per- 
mits adaptation  to  shoulder,  hip,  back,  or  loins,  thus  rendering  helpful 
service  in  lumbaf^o,  sprained  shoulder,  etc.  The  part  to  be  treated  is 
protected  by  a  number  of  layers  of  cheese-cloth,  gauze,  or  lint,  loosely 
held  ill  place.  If  tightly  bandaged,  blistering  is  apt  to  occur.  The 
limb  should  be  inscrtett  .it  about  150'^  K,  and  although  the  boiling 
point  of  water  is  212^  K.,  yet  the  nuijority  of  patients  will  bear  250''  K 
after  the  first  treatment  without  burning.  The  highest  point  that  I 
have  reached  without  injury  has  been  383^  V.     The  j^crspiration  of  the 


Fig.  345. — Cylinder  Tor  ilie  npplication  of  siiprrhc*icd  dry  «ir. 

part  treated  is  absorbed  by  the  gauze  and  dissipated  in  the  intense  dry- 
heal  of  the  cylinder,  or  carried  off  through  sliding  trap-doors,  thus 
avoiding  blistering.  The  treatment  may  be  continued  from  thirty  to 
sixty  minutes,  after  which  the  part  should  be  batheil  with  alcohol,  or 
massaged  with  cocoanut  oil  to  assist  in  absorption.  Gentle  passive 
motion  is  helpful. 

In  many  cases,  while  the  local  temperature  is  elevated,  the  general 
temperature  is  not  raised  more  than  a  fraction  of  a  degree.  The  heart's 
action  is  increased  from  5  to  ro  beats,  and  profuse  perspiration  is  the 
rule,  requiring  the  removal  of  surplus  clothing.  Softening  of  the 
deposits  following  acute  rheumatic  arthritis  is  marked,  and  their  absorp- 
tion greatly  promoted.  The  free  use  of  water  and  other  diuretics  is 
necessary  to  carry  off  gouty  and  other  products  that  have  been  forced 
into  the  circulation.  In  chronic  rheumatism  a  varying  degree  of 
pennanent  good  is  secured  and  pain  is  relieved.  In  rheumatoid 
arthritis  the  benefit,  of  course,  is  not  so  great,  but  comfort  is  obtiincd 
In  the  absorption  of  inllanimatory  deposits,  and  in  the  "  rheumatic 
pains "  that  so  commonly  follow  sprains,  fractures,  etc.,  the  greatest 
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benefit  is  secured.  In  lumibago,  sciatica,  and  shoulder-sprains  decided 
comfort  is  realized. 

In  tubercular  joints  the  process  theoretically  is  so  dangerous  that  the 
writer  has  hesitated  to  make  the  clinical  ex]»eriment.  lest  the  tubercular 
infecting  bacilli  be  swept  on  in  the  circulation  to  involve  fresh  areas, 
or  lest  undue  iictivity  be  developed  in  the  local  diseased  area. 

When  partial  ankylosis  exists,  much  assistance  will  be  rendered  by 
massage  and  passive  movements  following  the  softening  process  secured 
by  the  use  of  hot  air;  or  hot  douches  may  he  practised.  Varying 
forms  of  gymnastics  are  also  helpful. 


Fics.  346.  347- — EITwrt  of  chronic  rticmn^toiil  jrihritis  un  itie  h  ui'i    ■  '.lun 

O'Conor '  ai^ucs  llwt  rheumatism  is  an  acute  septic  arthritis  anal- 
ogous to  the  gonorrheal  or  pyemic  variety,  and  that  the  joint-structures 
are  incubators  for  the  subsequent  distribution  of  the  poison  through 
the  blood  vesiscls  to  the  heart  and  to  the  otlicr  articulations.  Reason- 
ing from  his  experience  of  10  cases,  he  advocates  the  immediate  open- 
ing of  the  joint  and  irrigation  with  1  :  5CXX)  bichlorid  and  drainage. 

Rheumatoid  Arthritis.— Aynonyms. — Art  hritis  deformans ; 
Osteitis  dcfiii mans ;  Osteo-arlhritis  ;  Dr>'  ;irthritis  ;  Arthritis  sicca ; 
Rheumatic  gout ;   Nodosities  of  the  joints. 

Pathology. — Aliunpts  have  been  mAkc  lo  ducovcr  th«  specific  aryanism  prodticine  thi« 
diiicaM.  B.inoatync  and  Wolilin>Dn  claim  to  hnvc  Eucc<!»fully  dcmvnttnilea  the  prcvcncc 
of  >  minuic  dunib-btll  bacillus  which  can  b«  stained  bjr  ficniiAn  violet  and  by  ■nihn-mcthy- 
lenr  btur.  Whribet  ihi>  condiilon  i*  due  to  miciT>t>c»  m  to  inhc tmi  tlcinent«  in  th<  blood, 
herfdilsry  or  autuiicti,  tbc  muli  is  unr  uf  &biw.  ueadily  prajjirMive  pniHfi^niiion  n(  cells, 

■  Chigvw  Affti.  Jiir.,  Ocl.,l&97  ;  PhUa.  Af^.  jMtr.,  Feb.,  1S9S ;  ./fUMo/i  »/SMrgtry, 
Feb.,  1898.  April,  1899. 
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lending  lo  dcslniclion  of  joitii-cariiUge  with  drposjiinn  o(  iKinc-nodosJUui  wiUiiii  bdiI  aiuond 
the  aniculncions.  These  dt:posiiir>»!i  under  auriliixi  may)mrdcn  and  become  ebumated.  vA 
progrcaMTc  tixation  of  llie  juint  may  occur. 

Recent  irvesligaiion^ '  in  a  lomb  of  ilie  Hrih  DynaMv  revealed  a  sVelettm  at  lout  jjoo 
j>esn  old  ihowiag  polyarticular  degenerative  changes  ol  cartilages  and  boan,  with  nodoti- 
ties,  eburriAlion,  and  grcK>ve5  rharacierinric  of  rheiinuttoid  arthri[i&. 

Etiolo][fy  and  Symptoms. — While  rliciimatisin  and  gout  arc  frr- 
quently  found  in  tlic  aiiccstn'  of  these  sufferers,  yet  its  existence  prob- 
ably exerts  no  greater  influence  than  antecedent  dcbihtating  and 
exhaustive  conditions,  such  as  lack  of  sunshine,  gonorrheal  rheu- 
matism, alcoholism,  etc. 

The  monarticular  form  of  this  disease  is  usually  found  in  elderly 
people,  and,  as  seen  by  the  surgeon,  exists  chiefly  as  one  form  of  senile 


Fin.  34S.— Shouldef-)olnt  In  a  cue  of  dirdnic  rtteumaloid  arihrilii  (Adami). 

arthritis  of  hip  and  knee.  The  polyarticular  variety  is  found  in  adults; 
occasionally  in  children.  The  onset  is  slow,  with  exacerbations  of 
pain,  limping,  progressive  interference  with  joint-motion,  creaking  and 
grating  within  the  joint,  and  ultimately  ankylosis.  Sometimes  it  involves 
almost  ever>' joint  of  the  body,  including  the  spine. 

A  distinction  should  be  made  between  ostco-arthritis  and  rheuma- 
toid arthritis,  the  latter  being  distinj^uishcd  by  swelling  of  the  joint 
during  the  acute  and  subacute  stages,  followed  by  atrophy  in  the 
region  of  the  joint,  and  by  atrophy  of  the  muscles  with  hj-pcrcxtcn- 
sion.     In  ostco-arthritis  there  is  great  proliferation  of  cartilage  uith 

'  Bril.  .Vfi/.J*Mr.,  Dec.  4,  1897:   Unit:  M,it.  Mag,,  Keb.,  189S. 
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deposit  of  osteophj'tcs  f Hcberdcn's  nodes') ;  distortion  is  greater,  and 
the  joint  remains  pcnnanentlj'  hirgcr.  In  the  fingers  the  deformity  is 
usually  hyperextcnsion  with  lateral  distortion  and  atrophy  of  the 
muscles  (I'igs.  346,  347).  In  the  larger  joints  flexion  is  the  rule. 
The  character  of  the  deposit  about  the  shoulder  and  hip  is  well  lUus- 
tratcd  by  tlic-  accompanying  illustrations  (Figs.  348-550). 

Diagnosis. —  Diagnosis  from  tubercular  disease  will  depend  upon 
the  history  of  the  case  and  llic  density  of  the  nodosities,  in  contradis- 
tinction to  doughy  thickening.  In  tuberculosis,  also,  muscular  rigidity 
will  occur  early  and  be  more  marked.  The  onset  in  both  cases  is 
slow.  In  tuberculosis  the  condition  tends  to  suppuration;  in.  osteo- 
arthritis, to  stalactilic  deposits  around  the  joints.  Depositions  in  the 
muscles  will  lead  to  a  diagnosis  in  myositis  ossificiins. 

Prognosis. — The  disease  is  most  insidious  and  persistent,  often 
running  a  course  of  from  ten  to  twenty  years. 

Treatment. — Granting  that  the  disease  is  of  bacterial  origin,  the 
best  medical  cHminatives  would  be  guaiacol  carbonate,  creosotal,  and 
benzoso]  (the  first-named  drug  being  less  objectionable  to  the  stomach), 
in  doses  varj'ing  from  5  to  i  5  grains,  and  increased  as  advisable.     This 


^^-  349- — Ac«tabulam  of  an  adult  who 
had  long  saJTered  from  chronic  rbeomjiold 
arttariin  (Ad«nu). 


Fi«.  350. — I^nhsricir  view  of  head,  neck, 
anil  Kupehor  (xlrcmitjr  in  %  case  of  chranle 
rhruniAruid  nrlhritH  nJ  tb«  hip  (Adami). 


drug  is  supposed  to  combine  with  the  bacterial  toxins,  and  by  elimi- 
nation of  the  guaiacol  sulphate  to  have  a  bcneikial  action,  Other 
helpful  medication  con^sts  in  the  use  of  arsenic,  Lugol's  solution  of 
iodin,  cod-hver  oil.  potassium  iodld.  and  digestives.  Locally,  massage 
with  guaiacol  and  olive  oil  gives  comfort,  and  hot  baths  are  recom- 
mended, especially  if  thermal  springs  arc  available.     The  application 
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of  superheated  dry  air  as  described  on  page  707  is  helpail  in  relieving 
pain  and  in  absorbing  deposit,  the  temperature  being  carried  to  from 
250°  F.  to  400°  F.  according  to  the  comfort  of  the  patient 

Surgical  treatment  should  vary  according  to  the  type  of  the  disease 
— that  is,  in  osteo-arthritis  motion  should  be  slight  and  guarded ;  in 
rheumatoid  arthritis  rest  should  be  enforced  during  the  acute  stage, 
but  more  vigorous  exertion  is  advisable  after  the  inflammatory  process 
has  subsided.  Active  and  passive  motions,  even  under  anesthesia,  are 
helpful,  and  the  use  of  the  articulation  is  to  be  encouraged.  Some- 
times, but  rarely,  electricity  and  electric  radiant  baths  are  of  service. 

Surgically,  benefit  is  derived  in  some  cases  from  tenotomy  of  the 
contracted  tendons,  especially  the  hamstrings,  with  forcible  straighten- 
ing. This  prevents  atrophy  and  improves  locomotion.  If  a  single 
joint  is  deformed,  chiselling  of  the  nodosities  might  prove  of  temporary 
service  in  permitting  locomotion. 

The  JT-rays  are  helpful  in  diagnosing  this  disease  from  other  joint- 
conditions. 

Gonorrheal  Arthritis. — Synonyms. — Gonorrh«il  rheumatism ; 
Gonorrheal  arthritis  ;  Tripper  rheumatismus  ;  Gonocele ;  Urethral  rheu- 
matism ;  Urethral  synovitis  ;  Arthropathic  blennorrhagique  ;  Rheuma- 
tismus gonorrhoisch ;    Rheumatismus  blennorrhoicus. 

Etiology. — This  disease  is  the  result  of  septic  infection  due  to  the 
implantation  of  gonococci,  or  their  ptomains,  or  of  secondary  infections 
in  the  fertile  soil  of  the  articulations.  The  amount  of  urethral  inflam- 
mation bears  no  relation  to  the  attack.  The  presence  of  gonococci  is 
usually  demonstrable  in  the  fluid  from  an  infected  joint  both  by  the 
microscope  and  by  cultures.  When  non-discoverable,  the  examination 
may  have  been  made  too  late,  or  the  free  exudate,  and  not  the  tissues, 
may  have  been  selected.  Even  after  the  disappearance  of  the  gono- 
cocci the  resultant  pathological  changes  may  continue. 

Symptoms. — The  onset  is  usually  sudden,  in  the  third  or  fourth 
week  of  an  attack  of  gonorrhea,  and  is  sometimes,  but  not  always, 
accompanied  by  a  disappearance  of  the  local  discharge.  It  may  attack 
any  joint  In  the  body,  but  preferably  the  knee,  ankle,  and  wrist.  The 
progress  of  the  disease  is  essentially  that  of  a  septic  arthritis.  Often 
there  is  rapid  destruction  of  the  joint-structures,  with  suppuration,  or 
there  may  be  ankylosis  without  suppuration,  especially  at  the  wrist  and 
carpus.  Swelling  is  marked;  pain  and  constitutional  symptoms  are 
severe  at  night.  Gonorrheal  bursitis  may  occur  beneath  the  insertion 
of  the  tcndo  Achillis  (achillodynia)  or  above  the  patella. 

Diagnosis. — Tlie  recent  existence  of  urethral  disease  will,  unless 
concealed,  lead  the  surgeon  in  the  proper  direction. 

Treatment. — Treatment  should  be  promptly  instituted,  especially 
if  there  has  been  a  subsidence  of  the  urethral  discharge,  and  if  acute 
symptoms  arc  present.  Absolute  rest  of  the  joint  or  joints  is  essen- 
tial, and  hot  irrigations  of  the  urethra  with  sterile  water  or  a  weak 
solution  of  potassium  permanganate  may  be  practised.  There  should 
be  absolute  fixation  of  the  joint  witli  gypsum  or  other  splint  until 
acute  inflammatory  .symptoms  have  passed,  after  which  the  joint  should 
be  gently  moved  to  prevent  the  ever-present  tendency  to  ankylosis. 
As  soon  as  evidences  of  suppuration  appear,  incision  and  thorough 
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cleansing  with  bichlorid  ( t  :  5000)  or  formaldchyd  (1  :  2000)  and  com- 
plete drainage  of  tlic  joint  arc  rt-qiiisitc-.  Subsequent  ankylosis  should 
be  treated  by  forcible  straiglilcning,  Icnotoiuics,  etc. 

Tuberctilar  Osteitic  Arthritis,— Synonyms. — Ji>int-tul>ercuIo- 

sis ;  White  sueliiii*;;  CichilJiiuiis  ur  I'ulpy  or  Kuilgous  degeneration; 
Striiniiui';  arthritis. 

Pathology. — Tuberculosis  in  the  region  of  the  joints,  whether  of 
the  trunk  or  extremities,  is  essentially  a  boiie-tiiberculosis  (osteitis), 
although  it  occasionally  originates  in  the  syntjvial  membrane  (artliritifi). 
it  is  a  disease  of  infection,  caused  by  the  presence  of  the  tubercle 
bacillus,  and  accompnnicd  by  the  fnrniation  of  circumscribed  tubercular 
nodules,  in  the  tissues  adjacent  to  and  within  the  diseased  joints. 

A  tubercular  ntxlulc  in  twiic  constsU  of  a  collccuon  of  round  aad  vAriou»lv  roriii»l  (.ells, 
ih*-  miisi  ainitant  of  which  i>  the  tpilhclmid.  The*^  rrlh  (platyrytM)  revmhtr  *iif1rilh«- 
)iuir).  mid  are  of  finely  i;ra[itilAle<I  prdlaplaKiii  with  Mi)iit1  (ivoid  nuclei.  In  addiliuu  lu  llieM 
rjiithrhiitd  Ixidius,  periuhenilly  |nilyiiurleale>)  gi>iul  t'ellN  (nuictri|>hKgncyte«)  are  vety  cun> 
tmntly  fnund,  Rronpcd  iti  mnvie*  atiH  fewer  in  number.  Tubercle  baeilli,  rod-nhmpeU,  may 
be  fwirid  willtiit  ur  adiicrrnt  in  any  irf  tlicw  cells.  The  r|)ithctiind  cells  are  pmbnbly 
derived  from  the  bl«xid-ves*eh  or  by  piy>lifer«iion  of  the  previously  existing  cells,  u  a  re»uU 
of  the  ulivily  induced  by  Uie  [>te«!iicc  uf  the  bacilli. 

The  active  cenlnil  celU  are  probably  derived  from  leuVocyies :  ihe  ginnl-cdl*  mav  be 
fused  epithelial  cells  or  tticir  urigiu  may  be  from  degeni-raled  ccll»  by  prolifenitioii  wttltout 
separaiitm  nf  proiopla>^in,  even  although  the  nuclei  divide.  Small  round  cells  similar  in 
lho^e  fuund  in  yount;  granulntion-tisi'uc  alto  occupy  a  conuderablv  space  in  the  tuberculous 
niidule,  ai)d  blood -plagues  are  ^ometinies  wen. 

When  n  tuSerculou"  nodule  rcirogmden,  polynuclcar  leiilcocytcn  malt*  their  appMranc« ; 
tulty  degeneralion  ulccs  place,  and  caseation  widi  1i<|uefui:ti(iii  fulluw^.  If  favorable  6bniid 
cncApMilalion  take*  place  fmm  an  cTerled  wall  of  defence,  cnlciltcalinti  will  occur,  and  ihe 
d4bn»  of  tjatdli  and  llieir  ploniAin»  may  rewuiii  ^ui«M:eut  for  a  lung  period  of  time,  ur  Ihe 
entire  mas*  may  wotit  its  way  toward  the  surface  and  be  discharged  in  the  form  of  a  cold 
flhMe*.v  Tile  iirilniiim  cau^rtl  by  the  tubercle  bacilli  often  excite?)  inflamniatory  proceues, 
and  if  suiphylototcu*  infection  is  added,  Mippumiiun  ensues,  and  the  tubercular  nndtilc  may 
hnally  be  cliniin.nied  by  chK  m'eihod  ;  but  suppuration  li  not  an  eftsenlial  pari  of  a  tubercular 
|rmcr!w«.  The  chanRes  in  a  tubercular  umlule  clo»ely  resemble  ihose  ?ieen  in  ordinary  intiam- 
mntioii. 

The  action  of  bacilli  is  essentially  dcsliucuve,  but  their  presence  immediately  arouses  » 
procedure  which  has  been  alreivdy  described  as  '•  the  method  by  which  organisms  attempt  to 
rendri  inert  lll•xiolt^  elements  introduced  from  without  iii  arising  from  within."  Followini; 
hyperrtnia,  congrviiim,  stasis,  and  muKmticin  of  red  and  white  cells,  phnKocylosis  becomes 
active,  aud  a  process  beneficial  lo  the  tissues  is  aroused,  since  mpid  lissuecliaiiges  are  inimical 
lo  the  growth  and  dcvctnpmenl  of  bacilli. 

BaciUary  infection  may  occur  from  without,  leaving  no  trace  of 
local  infection  at  the  atrium,  or  from  within  through  the  blood-vessels. 
Lodgement  of  these  micro-organisms  having  occurred  in  or  near  a 
joint  in  a.  healthy  individual,  the  invaders  arc  oi'eqiowercd  by  the 
defenders,  and  no  injur)'  re.«tult.s.  Under  the  influence  of  slight  injury, 
however,  or  from  inherent  cell-weakness,  thi.t  defensive  power  having 
been  temporarily  or  permanently  lost,  a  foothold  is  gained  and  the 
point  of  attack  fortified.  A  tubercular  nodule  is  the  result.  Garrisoned 
on  this  vantage  ground,  the  bacilli  or  their  spores  lurk  prepared  to 
renew  the  assault  at  any  near  or  remote  moment  when  the  defenders 
are  off  duty  or  arc  engaged  in  repelling  other  invaders,  or  when  thdr 
resistive  powers  arc  lessened  by  traumatism,  by  fever,  or  by  other 
cause. 

Tile  imporlaul  part  that  heredity  pUys  in  this  pmce9»  ir-  simply  that  the  cells  are  le» 
resistive  and  \v**  capable  of  withstanding  assault ;  «uch  impaired  vtiallmion  havin([  been 
Hnpaned  thnni|;h  spctmalofloid  or  ovum  in  the  ume  manner  u  arc  othct  choraclerittics. 
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The  XtTOi  heredity  implies  a  condition  oX  tissue,  not  a  di»ca»c.  Tlius  it  xs  evident  Ihal  the 
iiifcvlion  of  lHbemili»w»  i»  iiifltieiii. nl  liy  nntr^inil  legacies  ''y  (HT«>nal  Imliit.^  of  life,  and 
by  tem|»nify  and  i>cTraancnt  local  roiiditions.  WTien  the  distinctive  symptonu  of  joint- 
Iul)ca-ul(»i5  nrr  present,  the  non-cjiUteRcc  of  tulicnic  in  the  family  liiitory  is  of  little 
nxxneni,   save  for  prof^oii*.  sinci^  any  individual    may  devtrlop  local  lubereulous. 

The  abolition  of  llie  i)Id  icnn*  "wliilc  >w-rl)ing."  »crofulou»  joint,  etc.,  which  served 
llieir  purpose  for  clinical  description,  has  been  due  to  realiiiation  of  the  unity  of  the  tubeicii- 
iuus  priKc^.  11ic  u«e  of  the  lenn  Krofulous  itill  serves  cliiiically,  however,  to  denotes 
nonresistaiit  condiiian  of  the  tissues,  subjecting  the  individual  to  a  d^cnenitiTe  pnirru 
which  tends,  not  to  otganimtion,  but  to  dioinleerntton  of  the  rtmcture*.  Traomali<iin, 
heredity,  Mrofulosis,  cnviionmcni,  and  local  cuitdiiions  arc  all  concerned  in  the  imMluciiua 
of  local  bone-ttlhe^^ulr>^i4,  Traiimali^m  ccrlninly  plays  n  mn^it  impnrtnnt  parr  in  this  patho- 
logical process  by  aellin^  up  au  tiifiaijimaton  cumjitjon  which  du^tIMVS  the  puwei  of  rcMM 
■nee  of  the  tiwuc-celN  again.'>t  the  enemy — ilir  luitercle  bacillus.  In  »evcrc  injuries  cell- 
roistajicc  is  more  thorou||(hly  aroused  than  in  alight  joiut-coatu&ioiis.  and  infection  bj  the 
bncillus  is  thereby  more  readily  rqieilcd- 

TuberciilosiM  of  the  syiiovinl  membrane,  if  pnnmry.  may  cause  a  difliised  thickening  of 
ihe  membrane  or  the  direct  formalion  of  tubercular  nodules.  I'ulpy  dcgenetatiun  follow% 
■nd  as  ihe  supply  of  blood  diminishes,  ihe  cartilage  loses  its  vitality,  tnacenites,  and  becomes 
in611nttcd  wiln  tubercular  gnmulaliunr.  GclntinouA  mllllration  occurSi  (ram  peifocstioa  <4 
the  synovial  membrane  and  infeciion  of  the  iurrounding  dssues  by  the  escape  of  lubetrte 
cells.' 

Tuberc-ular  detMint^  in  the  extremities  of  bones  ustultjp  occnr  primarily  in  or  near  an  rpt 
|^)'s«a1  line.     When  the  tubercular  procct*  advances  (o  (he  ftrticular  surface,  the  cartilage 
■nay  be  looi«ned  alittoni  tn  masie,  ur  it  luuy  be  eluded,  while  the  underlying  layer  of  bune- 
lisMir  becomes  cnricms. 

Tlie  de[)o^it  uf  tubercle  nut  iofre^uently  notes  a  raieTying  osteitis  in  the  immediate 
neighborhood  of  a  joint,  altliuugb  Ihc  presence  of  bacilli  may  not  be  demonstrable.     The 

Haveciiat)  canalk  ace  enlarged  coina- 
dently  with  absorption  of  the  trabeculz 
and  the  develo^nnent  of  granulation-tis- 
sue. Caries  of  the  iKinc  of  ihc  fungoas 
vutiety  mjy  folt<>«v,  with  an  excessive 
production  of  gnuiuLatton  liuue.  A 
considerable  portion  of  the  bone  aod 
jiiiiit  may  be  dr*lR»yrd  -~earie:snecrotica ; 
or  a  tredge-shapod  |x>rtion  of  the  bone 
may  bccuinc  nccrose<l  from  a  tubctcalar 
iiifnrct.  Even  when  an  infarct  does  not 
exist,  the  deposit  of  tubercular  malerisl 
so  retards  circtdalion  that  articular  bone- 
death  may  result  from  loss  of  nutrkion. 
In  some  case«  a  seiiuestrxim  remits,  hot 
more  frcijuenlly  the  bone  beeomrs  slowly 
carious,  ur  an  absccb  forms.  The  pre 
ci»c  form  of  resultant  death  will  dcpcnl 
u|xin  the  rapidity  or  viulrnce  of  (he 
pn»cess,  or  ntwn  the  existence  of  microbtc 
osteomyelitis.;  but  the  Istlei  conditioo  it 
nne  common  in  the  Hhaft  of  Ihe  Hone  than  at  the  extremities. 

Although  the  initiatory  prucci*  is  u.iually  rii  the  Ixjne,  ret  llie  violence  uf  the  onset  may 
sometimes  appear  primarily  in  the  joint- structures,  as  noted  in  the  accnmiianying  micruscopi- 
cal  sections  taken  from  the  insertion  of  the  round  Uganvent  into  the  acetabulum  (Figs.351. 
3^2).  In  this  ca»c,  which  was  under  my  care,  and  m  whaii  the  patient  died  of  acute  tober- 
calar  meninf{iiis,  the  epfph\-<i«  contained  nn  cnseating  nodules,  but  characteristic  foci  wen- 
found  in  the  round  ligament.  'Ilic  changes  deiaonflralcd  were  tbote  chiefly  of  increaaed 
cell  activity,  and  not  of  disiinct  luberruloj*. 

Symptoms  and  Etiolofify. — Tubercular  joint-disease  may  occur  at 
any  age,  even  as  carl y  as  two  months,  I. nek  of  food  and  sun.'^hinc.  bad 
air.  and  intemperance  of  parents  are  the  most  common  factors.  In  chil- 
dren a  large  proportion  of  diseases  of  the  joints  are  tubercular  in 
character,  while  in  adults  the  non-tubercular  conditions  preponderate 

In  cases  of  decided  injur}-  the  hjpereiiiia,  swelling,  and  pain  in  the 
region  of  the  joint  may  be  acute;  but  these  arc  rather  true  of  sjTioWtic 
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Flu.  351. — ^Attochneni  of  liie  ligamenlum  teres  lo 
the  head  of  the  femur;  X  50. 
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cases  ihan  of  tubercular  ostdtic  arthritis.  Often  the  pain  is  not  located 
at  tlie  joint,  but  is  manifested  at  some  dislant  point  Reflex  |)ains  may 
be  present  in  the  knee,  hip,  abdomen,  arm,  or  chest.  The  contour  is 
altered,  and  the  carnage  of  the  body  in  standing,  stooping,  walking, 
etc.  is  changed. 

In  non-acute  cases  the  period  between  the  reception  of  the  injury' 
and  the  development  of  symptoms  may  be  delayeti  for  many  months. 
First,  a  slight  uneasiness  or  restlessness  of  the  limb  may  manifest  itself 
at  night — a  discomfort  rather  than  a  pain.     In  htp-infection  this  di.stress 


?^.*.^/>> 
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Fig.  353-— Altachment  ol  the  synovial  membrane  la  the  periphery  of  tiie  articnlu  c«rtnage  or 

ihc  h«Kl  of  ibf  femur;  x  Jo. 

may  be  referred  first  to  the  region  of  the  adductors,  then  down  near  the 
inner  condyle.  At  first  the  child  limps  only  at  times,  afterward  more 
persistently. 

If  the  spine  is  the  seat  of  infection,  movement  of  the  vertebrae  will 
be  avoided  by  carr>'ing  the  body  rigidly  and  by  cautious  stooping,  while 
colicky  [Wins  will  disturb  the  patient  at  night.  The  first  stage  is  a  \'ari- 
abic  one,  with  retardation  or  with  rapid  advancement  under  slight 
injuries.  Such  a  patient  stripped  and  examined  will  show,  first  of  all, 
rigidity  of  the  part  involved — mu.scular  protection.  This  rigidit>'  is  jjer- 
sistcnt  from  the  earliest  onset,  and  is  the  most  characteristic  symptom. 
Tenderness,  swelling,  and  deformity  arc  variable:  the  diagnosis  should 
be  made  before  these  appear,  if  treatment  is  to  be  of  decided  avail. 

Riclianliuii  tuts  ndvifatletl  lli«  tyMctnnlic  ausruitation  trf  joJtiU  witli  .Miiglr  nr  double 
rtclhfu^-njjc.  In  healthy  nninilatinn*  no  <4)und  will  be  elicited,  I>ui  in  di*ea*e  oiie  tMny 
obtain  »iuply  dry  friLtkiiik,  ilry  graliiig.  moiit  crepitant,  and  co»n«  CTe|Nbii>t  »i>unds. 

In  the  second  stage,  that  of  joint-effusion,  marked  limping  comes  on 
as  the  patient  endeavors  to  shorten  the  time  of  impact  ttfthe  sore  joint- 
surfaces.  Sfjon  "starting  pains"  or  "night-cries."  caused  by  the  alter- 
nate relaxation  and  contraction  of  the  guarding  muscles  as  they  bring 
into  contact  the  two  inflamed  joint- surfaces,  will  seriously  disturb  the 
sleep  of  the  patient.  Deformity,  usually  in  the  direction  of  flexion, 
becomes  more  marked  as  the  muscles  increase  their  efforts  at  protec- 
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tion,  and  reflex  pains  in  chest,  abdomen,  or  limbs  are  indicated,  often  at 
a  considerable  distance  from  the  part  involved.  In  caries  of  the  spine 
local  tenderness  is  the  exception ;  at  the  other  joints  it  is  usually,  but 
not  invariably,  present.  Alteration  of  contour  speedily  follows,  the 
swelling  being  palpable  in  the  region  of  the  joint,  and  doughy  indura- 
tion rapidly  increases.  Atrophy  of  the  muscles  also  alters  the  normal 
outlines  of  the  various  regions  involved.  The  whole  aspect  is  so  char- 
acteristic that  a  diagnosis  of  "  rheumatism  "  can  be  explained  only  by 
ignorance  or  by  carelessness  in  examination. 

The  later  or  third  stage  is  one  of  rupture  of  the  joint-capsule,  with 
infection  and  destruction  of  tissues,  usually  suppurative.  Spine,  ankle, 
and  knee  distortions  will  not  greatly  alter  their  position  at  this  stage; 
but  at  the  hip,  abduction  is  changed  to  adduction,  and  lengthening  to 
shortening,  both  apparent  and  real,  as  bone-destruction  progresses. 
Great  thickening  in  the  region  of  the  joint  is  present,  with  subsequent 
softening  and  formation  of  abscesses  or  ankylosis. 

DiagrnoAis. — Simple  synovitis  and  acute  rheumatic  arthritis  are 
sudden  in  their  onset,  with  speedy  rise  in  pulse  and  temperature ;  the 
latter  disease  may  attack  several  joints.  The  history  in  both  cases  will 
be  quite  different  from  the  sequence  of  symptoms  seen  in  tubercular 
arthritic  osteitis — slow  onset,  rigidity  of  the  surrounding  muscles, 
flexion  of  the  joint,  and  atrophy. 

In  children,  when  a  single  joint  is  affected,  the  inference  should  be 
always  in  favor  of  tubercular  disease.  Mono-articular  rheumatism  in  chil- 
dren without  other  positive  symptoms  should  be  absolutely  discarded 
from  the  surgeon's  mind.  Hundreds  of  children  are  yearly  permitted  by 
the  fateful  myth  of  "  rheumatism  "  to  pass  beyond  the  point  where 
abortive  treatment  is  possible ;  loss  of  joint-function,  lo.ss  of  limb,  and 
even  of  life,  are  the  result  of  such  errors. 

The  onset  of  infantile  paralysis  is  sometimes  puzzling,  as  the  child 
may  cry  when  handled.  The  gait  when  the  patient  is  examined  naked 
will  show  a  limp  that  is  not  one  of  inflammation,  but  one  of  debility. 
There  will  be  increased  motion  and  laxity  of  the  joint,  not  rigidity,  and 
no  thickening.  • 

Inherited  syphilis,  it  should  be  remembered,  may  announce  itself  in 
joint-osteitis,  especially  in  the  spine;  but  the  tuberculous  reflex  spasm, 
rigidity  of  muscles,  night-cries,  and  atrophy  of  muscles  are  certainly 
distinctive  enough,  when  present,  to  make  diagnosis  assured.  Peri- 
arthritis, bursitis,  and  the  beginning  of  osteosarcoma  are  at  times  dif- 
ficult of  differentiation. 

Treatment  of  Joint-Tuberculosis. — As  prevention  is  always  better 
than  cure,  so  is  hygienic  care  better  than  medicine  in  the  retardation 
and  cure  of  joint-tuberculosis.  The  removal  of  children  suffering  with 
joint-infection  from  an  atmosphere  loaded  with  germs  or  with  the  dried 
sputum  of  a  phthisical  patient  is  essential.  Next  comes  sunlight,  which, 
aside  from  Its  beneficial  effect  upon  a  patient,  has  an  especially  destruc- 
tive Influence  upon  tubercular  bacilli.  Colorado's  advantages  lie 
largely  in  the  Increased  hours  of  sunshine.  Fresh  air  is  an  absolute 
necessity,  and  cheerful  surroundings  and  good  food  come  next.  With 
these  aids  one  has  but  little  need  for  the  materia  medica.  Digestives, 
tonics,  and  nutritives  have  their  place  where  more  essential  conditions 
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inng.  A  tiibcrcular-joinl  patient  should  actually  live  in  the 
<^tfli1''^7 and  by  tlie  employment  of  (lie  bcd-fr.imc  this  can  be  accom- 
plished even  where  strict  confinement  to  bed  is  required,  The  sea  air, 
especially  where  it  is  dry,  as  on  the  New  Jersey  coast,  has  a  most 
beneficial  effect  upon  children  with  joint-trouble,  althou^jh  it  frequently 
has  the  contrary'  influence  upon  jihthisis  pLdnK)naIi3.  An  out-door  life 
in  the  country  is  beneficial,  and  t-vcn  in  a  crowded  cily  its  results, 
though  not  so  obvious,  arc  still  niarkedl)'  helpful. 

The  beneficial  effect  of  absolute  fixation  of  tubercular  joints  is 
thoroughly  proved.  It  is  the  superadded  inflammatory  condition,  and 
nut  tubercular  disease,  thai  is  likely  to  produce  ankj*losis.  Rest  is  the 
only  measure  that  can  abort  a  threatened  infection.  Traction  assists 
in  securing  rest  by  resisting  inuscular  contntction.  modifying  joint- 
pressure,  ami  relieving  pain  and  tlefomiity. 

Countcn'rritalion,  so  much  relieci  upon,  is  practically  useless,  save 
as  combined  with  rest.  The  benefit  obtained  by  the  use  of  the  actual 
cautery  in  former  days  was  doubtless  largely  due  to  tlie  fact  that  it  put 
the  patient  in  bed  for  many  weeks  and  prevented  the  use  of  llw 
inflame<l  joint, 

During  the  acute  painful  stage,  exten.sit>n  by  weight  and  pulley  can 
be  maintained  in  the  horizontal  ]>osition  while  the  patient  enjoys  all 
the  advantages  of  out-door  life  by  the  use  of  a  simple  tray  or  bcd- 
fraine  or  stretcher,  consisting  of  a  framework  of  gas-pipe  or  wood 
covered  with  canvas  in  one.  two.  or  three  sections.  This  can  be  laid 
iiptiii  a  betl  at  night,  while  during  the  day  the  patient  can  be  carried 
upoTi  it  in  the  horixontal  po.silion  and  enjoy  the  advantages  of  fresh  air. 
Such  frame  can  Ix-  carried  in  nnns  without  the  patient  being  disturbed 
from  the  dorsal  decubitus;  or  it  can  be  placed  upon  the  platform  of  a 
long  baby-coach,  or  rested  upon  chairs  or  trestles  upon  a  porch  or 
under  shade  trees,  and  at  night  placed  upon  a  bed. 

Requisite  extension  can  be  temporarily  secured  by  elastic  traction 
to  an  upright  at  the  foot  of  the  frame,  or  at  the  head  in  spinal  disease. 
A  gootl  rule  in  Iiip-ilisease  is  to  keep  the  [xitient  in  the  horizontal  posi- 
tion for  three  months  after  the  ces.sation  of  all  pain.  Kxtension  may 
also  be  made  by  one  of  the  forms  of  traction-apparatus. 

Fixation  will  be  secured  by  the  employment  of  splints  of  wood,  felt, 
paper,  tin.  leather,  plaster  of  Paris,  or  silicate.  The  joint  should  be 
kept  at  absolute  rest.  The  diagnosis  having  been  firmly  established  in 
the  beginning,  no  motion  should  be  permitted  for  months.  When  the 
acute  stage  has  passed,  the  patient  may  be  fitted  with  a  proper  fixation 
or  traction  splint,  and  treated  on  the  ambulatory*  plan  with  crutches, 
high  shoe.  etc..  as  required.  Gypsum  bandages  form  the  most  com- 
mon dressings. 

Trephininj^  of  Bom\ — Incision  into  or  trephining  of  bone  is  often 
of  ser^'ice.  if  the  precise  focus  can  be  reached.  It  is  oi  special  advan- 
tage where  the  disease  has  commenced  in  the  condyle  of  the  femur,  or 
in  the  great  trochanter,  or  in  the  humeral  or  tibial  epiphyses. 

I^mpuHclMn-. —  The  perforation  of  a  tubercular  bone-focus  with  the 
.       Paquelin  cautcr>'  often  has  a  most  beneficial  ciTect. 
I  fnjrcfians    of    Aiitibadllary   Suhstanccs. — Injections    of    iodoform, 

I      chlorid  of  zinc,  alcohol,  or  formaldchyd  into  a  joint  or  into  the  tissues 
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surrounding  a  tubercular  focus  have  been  practised,  and  sometimes 
lauded.  The  writer's  experience  with  this  treatment,  however,  has  been 
unfortunate,  as  even  under  the  most  absolute  cleanliness,  suppuration  in 
many  cases  has  been  rather  hastened  than  retarded.  Boiled  olive  oil 
or  glycerin  with  lo  per  cent,  sterilized  iodoform  added  may  be  injected 
hypodermically  either  into  the  joint  or  into  the  surrounding  tissues. 
In  the  latter  case  lo  or  15  minims  of  the  mixture  should  be  employed 
at  each  point  of  injection,  and  at  least  one  dram  should  be  used 
altogether ;  in  a  joint  an  ounce  of  the  mixture  may  be  employed. 
Pain  from  such  injections  may  be  mitigated  by  the  local  use  of  a  spray 
of  ethyl  clilorid  or  by  Schleich's  tissue-pressure  anesthesia.  The 
sclerogenic  treatment,  or  the  circumferential  injection  at  numerous 
points  of  a  10  per  cent,  solution  of  chlorid  of  zinc,  has  a  decided 
restrictive  effect.  Wood-alcohol  or  formaldehyd  is  also  useful  by  its 
constricting  effect  upon  the  capillaries. 

Injections  of  Antittiberculin  Serum. — The  injection  of  antiphthisin  (a 
sozalbumin  containing  the  germicidal  elements  of  tuberculin),  tuber- 
culin R.,  repeated  injections  of  serum  and  serum-products,  compounds 
of  pilocarpin,  creosote,  etc.,  have  not  been  sufficiently  tested  to  give 
definite  results,  but  they  are  helpful. 

Chronic  Congestive  Method. — The  artificial  chronic  congestive  method 
advanced  by  Bier  for  the  destruction  of  the  tubercle  bacilli  has  not 
been  received  with  much  favor.  The  method  consists  in  surcharging 
the  joint-structures  with  blood  by  a  constricting  elastic  bandage,  the 
congestion  being  carried  to  a  point  of  even  blistering,  etc.,  and  followed 
by  active  and  passive  movements  of  the  articulation  both  during  the 
time  of  constriction  and  afterward.' 

Aspiration. — Aspiration  of  a  joint  or  of  a  cold  abscess  that  con- 
tains the  liquefaction  of  caseation  will  often  result  in  the  absorption  and 
caseation  of  the  tuberculous  mass  and  in  ultimate  cure  without  sup- 
puration. The  process  may  be  repeated  until  positive  evidence  of  pus 
is  founii.  Sterile  iodoform  oil  (20  to  50  c.c.)  or  tincture  of  iodin  may 
be  injected  through  the  cannula  of  the  aspirator.  If  the  contents  of  such 
an  abscess  are  found  to  be  sterile,  there  need  be  no  haste  in  opening  it. 

Arthrotonty  (Incision,  Irrigation,  and  Drainage). — The  laying  open 
and  washing  of  a  joint  with  boiled  sterilized  water  or  sterilized  bichlo- 
rid  (i  :  [ 0.000)  or  formaldehyd  (i  :  2000)  is  often  of  great  service  when 
suppuration  has  commenced,  and  is  demanded  when  infection  is  pres- 
ent. Drainage  by  rubber  tubes  or  gauze  packing  is  often  required,  the 
joint  bL'ing  filled  with  iodoform  oil.  It  is  almost  unnecessary  to  say 
that  all  operations  should  be  conducted  with  the  utmost  attention  to 
cleanliness. 

Excision  of  Sac. — All  surgeons  now  realize  that  the  sac  of  a  tuber- 
culous abscess  is  not  a  pyogenic  but  a  pyophylactic  membrane — a  wall 
of  defence  and  of  limitation.  When  it  can  be  completely  excised  with 
knife  or  scissors,  such  plan  is  most  desirable ;  but  In  many  cases  of 
spin.il  and  hip  caries  complete  extirpation  is  impossible.  Under  such 
circumstances,  after  excision  of  all  attainable  sections  the  remaining  sac 
should  be  approximately  removed  with  a  hollow  flushing  curet.  infec- 

'  Mt'ti.  Pnss  and  Cireular.  May  20,  1894;  Ctiitrulh.  fikr  Chirurg.,  I.eipsic,  1892,  No. 
82  ;    Herliner  Klhuk.,  Nov.,  1895  ;   Bril.  Med.  Jour.,  Dec.  21,  1895. 


ARTHKtTIS. 

tion  from  the  disturbed  remaining  areas  being  prevented  by  mopping 
wjtli  tincture  of  tndtn,  saturated  solution  of  chlorid  of  zinc,  or  pure 
carbolic  acid.  VVhi-n  tlic  sac  cannot  be  thoroughly  dealt  with,  the 
safer  plan  after  incision  and  irrigation  is  to  avoid  all  disturbance  of  the 
membrane  even  by  pressure,  lest  fissure  of  the  wall  permit  a  loule  for 
entrance,  and  infection  and  meningitis  result.  In  such  cases  the  cavity 
should  be  injected  nith  tincture  of  iodin,  then  filled  with  sterile  iodo- 
form oil  (10  per  cent.),  and  the  wound  closed.  When  pyogenic  cocci 
arc  present,  drainage  will  be  required. 

Erosion. — Krasion,  improperly  called  aithreclomy,  is  an   operation 
frequently  employed  In  the  later  or  suppurative  stage  of  joint- disease. 


Fig.  J53.— SkiagT4pl)  of  cuhuus  knce-joini  with  cioiion ;  adult. 

It  includes  the  scraping  away  by  gouge,  knife,  or  scissors  of  all  dis- 
eased hard  and  soft  tissues,  leaving  behind  every  possible  healthy  por- 
tion. Thorough  expi>surc  of  the  articulation  is  necessary,  and  the  o]x;- 
ration  is  most  helpful  in  those  cases  of  arthritis  where  complete  re- 
moval (jf  the  diseased  area  can  be  accomplished.  In  the  hip,  whilt:  often 
serviceable,  it  is  not  certain  in  its  effects.  In  the  spine  total  removal  is 
imiKiskihlc.  and  one  must  content  himself  with  thorough  drainage. 
Ank>'losis  after  this  operation  is  common,  but  not  universal.  Hrasion 
is  most  useful  at  the  wrist,  ankle,  elbow,  and  knee.  In  the  tarsus  and 
carpus  in  children  the  entire  scries  of  bones  may  Ixr  taken  away,  and 
yet  a  useful  hand  and  foot  may  be  secured,  sometimes  much  belter  than 
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an  artificial  member.  An  important  consideration  in  the  treatment  of 
chiUrcn  is  the  saviiij^  of  the  epiphyseal  lines,  iliiis  ensuring  growth  of 
the  hmb,  even  though  repeateti  operations  are  necessary. 

Chronic  sinuses  leading  to  dead  bone  should  be  treated  by  craston 
of  the  diseased  osseous  structures,  excision  of  sinus  walls,  and  cauteri- 
zation with  chlorid  of  zinc  or  tincture  tjf  iodin. 

Extision. — The  formal  or  tjpical  excision  of  the  articular  surfaces 
of  diseased  boiic  often  destroys  the  epipliysea]  lines  and  checks  future 
growth.  When  the  tubercular  destructinn.  liowevcr,  is  large  in  extent. 
this  operation  becomes  a  necessity,  even  in  children,  and  is  a  most  val- 
uable agent  ni  saving  life  and  limb.  It  is  also  indicated  in  positive 
Joint-destruction  in  adults  when  constitutional  symptoms  are  not  so 
severe  as  to  demand  amputation.  The  determination  as  to  crasion  or 
excision,  or  of  interference  with  ank}'Iosed  tubercular  joints  where  the 
process  has  subsided,  may  often  be  effectually  decided  by  the  employ- 
ment of  the  ,V-ray.s.  as  the  extent  of  the  destructive  process  can  be 
very  accurately  delineated  (Fig.  353). 

AmpulatioH. — Sacrifice  of  a  limb  is  a  procedure  that  is  not  infre- 
quently demanded  in  advanced  joint-disease  In  adults,  but  should  be 
avoided  in  children,  except  in  pronounced  and  absolute  destruction. 
Krasion,  even  if  several  times  repeated,  and  excision,  with  constitutional 
treatment,  nre  prcferaljUr  in  the  younLT, 

Neuropathic  Arthritis,  Spinal  Arthropathy,  or  Charcot's 
Disease  of  the  JointS.^ln  1831.  long  before  Charcot's  obscn-ations, 
J.  K.  Mitchell,  of  Philadelphia,  advanced  the  idea  of  an  arthropathy 
associated  with  a  neuropathy. 

Spinal  arthropathy  is  the  name  given  to  peculiar  degenerations  of 
the  joint-structures  occurring  in  the  course  of  spinal-cord  lesions. 
especially  locomotor  ataxia,  tabes,  syringomyelia,  etc 

Etlolosry. — The  essential  cause  is  a  degeneration  of  the  spinal  cord, 
steadily  advancing  in  tiie  central  axis,  with  secondary  nutritive  changes 
in  the  articulations,  which,  under  certain  circumstances,  lead  to  desiruc* 
tion  first  of  the  synovial  membrane  and  fringes,  then  of  the  cartilage, 
and  finally  of  the  bone.  These  changes  are  slow  in  cJiaracter.  and  arc 
usually,  but  not  always,  accompanied  by  pain  and  doughy  swelling, 
with  distortion  probably  due  to  the  altered  nerve-supply.  The  process, 
both  patliologically  and  clniiailly,  differs  markedly  from  tubercular  dis- 
ease.    Suppuration  only  rarely  occurs. 

When  associated  with  hemiplegia,  the  syno\*itis  is  usually  of  the 
exudative  or  vegetative  tj'iie,  and  is  found  especially  in  the  upper 
extremities.  If  associated  with  tabes  the  result  of  trophic  changes  or 
nerve-trunk  disease,  serous  exudate  is  common,  and  the  degenerative 
changes  may  be  so  great  as  to  destroy  the  ligaments  and  permit  the 
most  extraordinary*  dislocations ;  or  they  may  result  in  destruction  and 
absorption  of  the  entire  extremity  of  a  bone.' 

Treatment  has  but  little  effect  in  staying  the  course  of  the  disease. 
In  contractions,  downward  traction  by  weight  and  pulle)-  and  fixation 

'  In  a  fihonldtr  ■TlhmpBtby  auociatPtl  with  synnf*nngrrlia.  Spillcr  rvniniiml  iiiicRisnni< 
ca1Iy  boih  c^rd  and  ii^innl  ganglin  with  do/inite  rriuhi  \Am.  Ji*Mr.  AM.  Sfi.,  I>«c.,  1890), 
Tht  articrulalion  waii  dislocaied,  ctdiI<^c1,  nn<l  surrounded  by  drpo&its,  and  ihr  eoliiv  heaH  nf 
the  humerus  ti-vl  diu^jjcnrtril.  Some  6o  cam-<i  a-«^u>ciaied  with  s^ngomyelln  Xutrr  l>rcn 
rccardcd,  most  ot  them  hsving  occarrcd  in  the  upper  cxtremtiy. 
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are  beneficial.     Operative  measures  arc  of  use  only  in  relieving  a  false 
position;  otherwise  they  are  unnecessary. 


NEUROJMJMESIS,  OR   HYSTERJCAL  JOINT. 

Ner\'ou.s  mimicry  of  joint-disease  is  often  difficult  of  diagnosis, 
especially  in  a  patient  who,  from  long  residence  in  a  hospital  or  from 
stlf-coiiccntration,  has  acquainted  himself  or  herself  with  the  symptoms 
to  be  anUcipated  from  an  injury  of  an  articulation.  The  conditions, 
which  at  first  after  traumatism  were  undoubtciily  real  and  positive,  are 
finally  cxagyeratetl  by  the  neurotic,  and  are  mentally  dwelt  upon  until 
absolute  disabilit>'  is  developed.  Following  an  injury,  the  first  move- 
ments, after  enforced  rest,  arc  necessarily  painful,  and  the  patient  seeks 
to  protect  the  joint;  therefore,  if  a  surgeon  fails  to  dificrentiate  between 
still  existing  conditions  and  the  pains  produced  by  the  stiffness  from 
slight  adhesions,  his  error  may  result  in  a  permanent  condition  of 
ilisabihty. 

In  all  innammatory  cases  there  is  a  primar)'  time  for  rest  and  there 
w  a  secondary'  time  for  action.  After  the  subsidence  of  a  simple 
inflammatior,  massage  and  use  of  the  limb  arc  of  the  utmost  impor- 
tance in  producing  a  cure,  while  in  tubercular  infection  the  use  of  tlic 
limb  must  be  prohibited  for  a  long  period  of  time.  Hence  the  sur- 
geon tnusl  lie  most  judicious  and  skilful   in  his  diagnosis. 

Diagnosis  is  nfleii  nbscurctl  by  actual  inflammatory  thickening 
which  usually  surrounds  a  joint  lo  a  greater  or  less  degree  after  an 
injur>'.  In  such  cases  the  character  of  the  (latient  and  the  general 
and  local  symptoms  must  be  closely  studied. 

When,  in  the  absence  of  swelling  or  induration,  there  Ls  excessive 
pain  upun  movement,  and  especially  when  there  is  marked  hyperesthe- 
sia of  the  skin,  even  under  the  gentlest  touch,  u  neurotic  element  may 
be  strongly  suspected.  While  actual  lameness  and  alt  subjective 
symptoms  may  be  present,  yet  tlicy  will  be  found  altogether  out  of 
proportion  to  the  actual  palpable  conditions.  Rj- engaging  tJie  patient's 
attention  during  the  joint-examination  and  by  close  observation  of  each 
symptom  a  diagnosis  may  be  made,  although  probably  not  at  a  single 
sitting. 

In  cases  of  doubt  kinesthesia  may  assist.  In  tiibercular  joint-lesion 
muscular  rigidity  will  disappear  late  in  the  process  of  anesthesia,  and 
will  be  renewed  as  soon  as  the  individual  returns  from  the  .stage  of 
complete  unconsciousness :  while  in  a  hysterical  joint  this  muscular 
protection  will  not  reappear  until  the  individual  is  thoroughly  conver- 
sant of  his  acts. 

The  absence  of  effusion  and  the  atrophy  of  muscles  are  also  impor- 
tant elements  in  diagnosis.  Spinal  tenderness.  ner\*c-jxiins.  and  a  gen- 
eral line  of  neuroses  may  assist  in  tiie  recognition  of  the  true  con- 
dition. 

In  the  treatment  of  neuromimesis  it  should  never  be  forgotten  that 
the  tenderness,  though  aggravated,  is  real.  The  confidence  and  co-op- 
eration of  the  patient  must,  therefore,  be  secured.  This  must  be  fol- 
lowed by  attention  to  the  general  health.  Massage  should  be  used. 
and  mechanical,  passive,  and  active  movements  should  be  employed. 
14 


Fic,  354-— DIsIocalinn  of  the  semilunar  can il age. 

rated  nodosities  of  ustco-arthritis,  or  the  violently  detached  portions  of 
cartilage,  or  from  overgrowths  of  synovial-mcmbrane  cartilagc-cclls. 
Kcchondromata  arc  also  formed  from  the  villous  outgrowths  of  the 
synovial  membrane  which  have  been  gradually  torn  free,  or  from 
degenerated  Hhrinoiis  tuberculous  fringes. 

Symptoms. — The  distinct   syinploni  is  a  sudden  pain,  partial  or 
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total  disability,  and  oft(.»n  a  locking  of  the  joint,  usually  ihe  knee,  wliilc 
it  is  in  a  flexed  position.  A  synovitis  with  ciifusion  frequently  results, 
which  slowly  subsides  under  rest^  but  reappears  at  each  re[K:lition  of 
the  accident.  The  bodies  may  often  be  felt  beneath  the  skin,  but 
readily  hide  themselves  in  the  tissues,  I  have  seen  them  one-half  the 
size  of  the  patella,  and  yet  producing  no  serious  trouble. 

The  condition  with  which  this  state  is  most  likely  to  be  confounded 
is  displacement  of  the  semilunar  cartilages  or  "  internal  derangement 
of  a  joint"  (Fig.  354).  a  tearing  loose  of  the  semilunar  cartilages  from 
rtiptitrc  of  the  coronary  ligamcnt.s.  This  may  be  the  ctTect  of  injury 
from  sudden  hyperextensinn.  or  from  flexion  or  rotation,  and  is  accom- 
panied by  severe  pain  and  locking  of  the  articulation. 

Treatment. — Reiluction  of  a  joint  locked  from  loose  bodies  is 
usually  readily  accomplished  by  extension  followed  by  forcible  flexion 
and  rotation.  The  ancient  plan  of  strong  flexion  against  the  edge  of  a 
table  upon  which  the  patient  sits  is  a  good  one.  Anesthesia  may  be 
required.  Mechanical  retention  of  the  bodies  by  apparatus  or  elastic 
bandage  is  seldom  successful.  When  locking  is  frequent  and  locomo- 
tion troublesome,  aseptic  removal  of  the  loose  bodies  is  the  only  hope 
of  cure.  If  an  anesthetic  is  given,  the  precaution  of  preliminary  fixation 
of  the  nodule  with  a  tenaculum  or  iic-edle  should  be  adopted. 

Dishaition  of  the  semilunar  cartilages  may  be  reduced  in  a  similar 
manner.  When  the  cartilages  j>ersistently  slip  from  their  jiositions,  an 
ajjparatus  which  will  prevent  rotation  of  the  leg  upon  the  thigh,  check 
the  joint-action  before  full  extension  is  reached,  and  permit  only  flexion 
of  the  knee  will  be  most  helpful.  Should  this  fail,  the  cartilages  them- 
selves should  be  aseptically  excised,  or  moored  to  the  periosteum  by 
silver  sutures. 


CHAPTER    XXI. 
DISEASES  OF  SPECIAL  JOINTS  CCKTHOPEDIC  SURGERY). 

DISEASES  OF  THE  HIP-JOINT. 

Diseases  of  the  hip-joint  .ire  due  to  changes  in  the  capsule  or  the 
bones,  impairing  the  use  of  the  part.  These  diseases  are  mostly  inflam- 
matory, cither  chronic  or  acute ;  by  far  the  most  frequent  is  that  called 
tubercular,  due  to  the  paraaiiic  action  of  the  tubercle  bacillus,  and  met 
with  on  a  large  scale  in  the  urban  cimimunitic-s  of  temperate  cUmatcs. 
Typical  examples  of  this  disease  have  been  faniihar  for  centuries,  and 
have  been  termed  morbus  cox;e,  coxitis,  or  hip-disease  (Fig.   355). 


t^^ 


FlC  355  ~  Kiglil  lii|]'iliiCA4i-,  vhionic.  lu  ^  tm^-  ^.l  ii.iic .  m^kikcd  ilcxion  adJ  Jddoctiaa. 

Inflammation  of  the  hip-joint  may  attend  other  infective  states, 
general  disorders  of  the  sysletn,  such  as  pyemia,  osteomyelitis,  gonor- 
rhea, scarlatina,  rheumatism,  rheumatoid  arthritis,  gout,  and  syphilis. 
Occasionally  the  joint  is  aiTcctcd  by  llie  "  simple  inflammation  "  of  an 
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uncomplicated  injury,  such  as  sprain  or  dislocation  The  existence  of 
these  various  diseases  has  often  been  certified  by  scientific  proofs,  which 
are  sometimes  eipplitablc  in  clinical  practice;  Ijiit  in  many  instances  the 
definition  of  the  actual  variety  nf  disease  is  chiefly  a  matter  of  inference 
and  more  or  less  probability.  In  clinical  practice,  many  cases  now 
inferred  to  be  tubercular  are  capable  of  recovery,  and  often  of  complete 
resohrtion,  under  suitable  mechanical  treatment  and  rest;  and  exact 
proof  of  their  nature  must  oft:eii  be  wanting^  though  a  belief  in  the 
character  of  the  disease  is,  with  our  present  knowledge,  irresistible. 

Cause. — II  mnnnt  iilwayK  hr  drfinilcly  aorcTlainrd  whether  Tiih^ rcular  hip-ditctiM  U  the 
KsuU  o(  injury  or  has  appaiTcnlly  arisen  '■  5]>onlniiwnisl)' ;"  but  ihcrc  is  evcr^  leason  lo 
bclicire  tlial  ihe  iiisra*e  wimelimrti  nmci  in  dirrrf  convfiurtifc  of  injury,  wliile  at  othen  it 
tn>jr  occur  ap]MrL-nl1y  urilHoiil  niiy  tuch  cantrvtiiilinTy  cntiiie.  Tii^>erciilar  joint  diwute,  eipc- 
ciallv  i:n  cliildreii,  ufien  iiccun  iti  iniliritlunl^  Hreininglj'  ni1>ust  aitd  welt. 

"fhc  Umuc*  aflectcd  in  joinidi«cn»c^  arc  the  cop'^ulc  and  the  bones,  and  inRamfnation 
may  take  the  Uma  of  "capsular  arthritis,"  of  "  uate<vurlhnti»,"  ur  of  btjih.  I(  fluid  is 
efftwci  wilhin  the  tajisule,  V3tTe  i)  *Bid  to  he  "  nynovitis."  or  inflnRimnlinn  of  thr  synortal 
linin({  of  tb«  capsule.  Id  some  CASes  the  M-nnvili»  may  aUcnd  o>1«<j  uilluilis.  In  a  well- 
delined  rxpoHtl  joint,  like  the  knee,  Ihrsc  diMincikins  nrt  rnslly  mndc  on)  at  ihe  tiL-d-Mdc; 
but  it  is  different  with  tt>c  hip,  >iilualed  ilrtrply  among  the  muscle*.  The  evidencetof  open* 
tiiMi  and  of  post-moilcm  exammaiinn  inaly;  it  certain  that  in  hip-tliMraK  ihe  inRammaliuit  tkaj 
attack  the  cap<>u)e,  or,  usnalty  primnrily,  the  bone'i  inside  the  capsule  ;  hut  we  have  no  ccr- 
Uili  mean«  of  deciding  at  ihe  commencemcni,  and  had  belter  tbcrefuTe  nol  aiEcnipt  alwofs  lo 
predict  in  which  tissue  the  disease  arises,  seeing  that  some  cases  recover  without  defect  and 
without  inice.  Whether  the  disease  bcgilu  in  the  bcncs  or  in  the  capsule,  there  may  be 
efliision  of  tliiirl,  which  can  he  deit^rted,  when  in  sutlicient  quantity,  on  one  side  or  other 
of  lh«  joint.  Such  evidence  »(  fluici  npjmrcntly  hardly  ever  produce*  much  distention  and 
bulging  of  the  capsule,  so  thai  the  term  "synovtiik"  is  seldom  if  ever  applicable,  in 
Ihe  opinion  i>f  the  writer,  lo  any  of  the  condiiions  found  in  this  particular  joint.  The 
thiikeiiiii({  uf  and  »lxiut  the  fuini  is  due  mainly  lu  infiltration  of  tlie  variuuv  tiuues. 

Symptoms. — The  symptoms  of  hip-disease  can  best  be  under- 
stood by  studying  those  of  the  most  numerous  class,  the  tubercular^ 
and  may  be  comprised  under  three  heads — pain  and  tenderness,  lame- 
ness, and  deformity.  In  a  tjpical  case  there  are  pain  and  tenderness  in 
the  joint,  which  is  stiflfened  in  the  flexed  position,  and  there  is  a  limp 
or  roll  in  the  gait. 

The  s^tnptoms  in  such  a  case  are  sometimes  so  dclinlie,  and  so  obvtoasly  point  lu  tbe 
region  aRccled,  that  their  proper  cause  is  eaMly  recoguiied  by  a  medical  aliei>dant  who  may 
have  little  or  no  pterious  experience  to  ^ide  liim.  In  6ici,  liie  parents  or  friends  of  the 
pdlieni,  or  tbe  patient  alone,  may  not  infreijuently  he  enabled,  in  the  light  of  common 
senM^  or  of  local  perception,  to  form  a  good  idea  of  what  is  the  matter.  Itul,  easy  thou{;h  it 
bi.,  in  typical  caKX,  to  recogniic  the  affection  when  xevenil  symptom^  jxiiiii  to  it,  there  is 
unLTrlaiiity  when  some,  oi  even  most,  of  [he  usual  symptomii  are  absent,  unless  the  obsenei 
has  a  varied  npericnre  of  hi*  own,  or  hni  nttr*  laid  down  by  tlir  expi-rifrwe  of  iMliers. 
The  pain,  fur  inslance,  may  be  msignilkant.  and  even  absent  allM|;ellier  ;  while  (cudcfness 
on  pressure  or  raoTcment  may  be  unm^nicenbte.  There  is  then  to  be  con<idercd  the  limjHng 
or  rolling  gait,  which  u  very  cunspicuous  when  due  lo  pain  or  Icndcrncss,  bul  which  is 
ifftea  due  menly  lo  stifTiie%  and  a  lisnl  attitude,  mostly  Aexion.  when  neilber  pain  nor 
lendemeM  exifU.  In  the  case  of  infants  in  arms  the  ^il  caniK>i  be  tested.  There  thru 
remain  the  adoption  of  certain  altitudes  and  the  sUHnex>  of  the  joint,  which  have  now  to  be 
conitdcre^). 

In  examining  a  typical  case  of  hi]>-disea.se,  uith  pain,  tenderness, 
and  limping,  if  the  jjaticnt  is  stripped  and  laid  on  the  floor,  on  a  table, 
or  other  suitable  fl,«  surface,  there  is  always  found  to  be  a  stiffened 
and  usually  a  more  or  less  Hexed  attitude  of  the  limb  on  the  aflliscted 
side.  There  is  a  want  of  symmetry  Ijotween  the  lower  limbs  in  some 
positions.    If  the  legs  and  thighs  be  placed  parallel  in  line  with  the  bod}'. 
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there  is  found  to  be  bcndinij  of  the  trunk  by  increased  arching  of  the 
lumbar  spine,  which  thus  cannot  be  brought  into  contact  with  the  sur- 
face on  wliich  the  |)aticnt  is  lying.  If.  however,  the  knees  and  hips  be 
flexed  equally  nn  both  .sides,  the  lumbar  spine  can  be  fattened  and  the 
trunk  thus  strai^^htened;   and   if  flexion   be  the  only  deformity,  its 

amount  is  readily  ascertained  and  a 
symmetrical  attitude  found  for  the 
limbs  and  trunk.  Flexion,  how- 
ever, is  niat  always  the  sole  position 
in  which  the  joint  is  stiffened,  for 
there  may.  In  addition,  be  abduc- 
tion or  adduction,  or  there  may  be 
rotation  out  (Fig-.  356)  or  rotation 
in.  Symmetry  of  the  trunk  is  se- 
cured by  straightening  the  spine 
and  placing  the  anterior  ihac  spines 
on  a  level,  by  adjusting  the  pelvis 
until  the  line  through  the  sternum, 
umbilicus,  and  pubic  symphysis  is 
straight;  symmetry  of  the  lirnbs  is 
secured  by  flexing  both  knees  and 
hips  as  much  as  is  required  to  ob- 
literate the  abnormal  lumbar  curve, 
and  in  the  event  of  adduction  by 
crossing  the  legs,  in  that  of  abduc- 
tion by  setting  them  apart  The 
attitude  in  which  the  loin  and  thigh 
are  fixeii  on  the  diseased  side  is  thus 
imparted  to  the  unfixed  and  supple 
corresponding  parts  on  the  sound 
side.  All  this  may  appear  some- 
wliat  complicated  in  words,  but  it 
can  be  understood  in  a  few  mo- 
ments at  a  glance,  with  slight  ma- 
nipulations. An  exact  demonstra- 
tion of  the  flexion,  abduction,  ad- 
duction, or  rotation  is  e:is)ly  made 
by  adopting  a  device  of  the  late 
Hugh  Owen  Thomas.  This  con- 
sists in  flexing  the  sound  hip  and 
knee  to  the  fullest  extent,  as  the 
patient,  stripped,  lies  on  his  l>ack 
on  a  flat  surface,  holding  the  limb 
in  that  attitude  against  the  chest 
while  putting  the  diseased  Hmb  as 
straight  as  it  will  go.  The  preci-^e 
amount  of  flexion  or  other  deformity  is  then  di.splayed  in  the  afTected 
hip-joint  (Fig.  357).  Abduction  or  adduction  may  or  may  not  he  pres- 
ent, and  the  same  applies  to  the  rotation  out  or  in.  But  in  every  case  of 
lirp-discase  prnnoNsfv  untreated  by  ri^id  apparatus  or  by  effecth^e  rest  in  the 
hing  posture,  a  certain  amount  of  stiffness  in  the  flexed  position  is  present 


Fk:.  35*— !<<•(*  hip-d:=Lj-.c  m  .1  .u-iii  uf 
Rfty-Mven;  flexion,  aclduclion.  and  roUtion 
ouimrd. 
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Why  should  flexion  or  other  fixed  attitude  be  found  in  hip-disease  ? 
In  a  healthy  state  of  the  parts,  all  the  positions  and  attitudes  of  the  joint 
can  in  turn  be  assumed  at  will ;  but  with  innammation  come  swelling, 
impairment  of  nutrition  and  function,  and  reflex  spasm,  with  stiffen- 
ing of  the  capsule  and  other  tissues  that  should  be  pliable.  The  stifT- 
ness  also  more  or  less  hinders  ail  muscular  movement,  especially 
extension,  which  depends  upon  muscular  movement  alone.  Flexion^ 
though  also  hindered  by  stiffness  and  muscular  weakness,  is  neverthe- 
less favored  on  every  attempt  at  silting,  when  the  weight  of  the  body 
alone  tends  to  fold  the  thigh  on  the  trunk.  The  flexion  tends  to  be  con- 
finned,  since  the  joint  never  becomes  perfectly  straightened  in  the  inter- 
vals. Not  only  arc  the  muscles,  in  the  stiffened  state  of  the  inflamed 
parts,  less  effective  for  the  usual  movements  r>f  the  joint,  but  even  in 


fi'"'-  .-IS?- — Atutc  K\\   tiip-di»c.i*r,  hfli.rr  ircaimrTii.  in  b  boy  o(  tcfcn.     Degree  of   flexioti 
ilispi.i>'_-Hl  In    H,  O.  Thomas's  lest. 

early  cases,  where  the  capsule  is  still  unaffected,  there  may  be  flexion 
from  muscular  spasm.  Instead  of  resting  between  their  efforts,  as  ihcy 
would  in  a  healthy  state  of  the  parts,  all  the  muscles  around  the  inflamed 
hip-joint  arc.  through  the  innuence  of  the  nervous  system,  brought  more 
or  less  into  a  slate  of  constant  contraction.  This  action  is  mainly  invol- 
untary, but  there  may  be  a  supplcmcntar)'  effort  of  the  s;mie  kind  con- 
sciously effected  at  the  instance  of  the  patient's  own  reason  and  expe- 
rience. This  rigid  "  watchfulness  '  of  the  muscles  more  or  less  attains, 
in  certain  cases,  the  eflfect  of  partially  warding  off  pain  by  an  attempt  to 
keep  the  joint  still  during  the  waking  state  of  the  patient,  When  the 
jKitient,  however,  drops  off  lo  sleep,  the  muscles  relax  and  the  limb 
moves,  causing  in  the  joint  a  momentary-  pain  under  which  the  muscles 
instantly  contract  again,  producing  the  well-known  *'  starting  pains." 
This  symptom  was  considered,  and  is  still  by  some  accepted,  as  evi- 
dence of  ulceration  in  the  cartilages.  It  is  not  easy  to  say  how  either 
the  truth  nr  the  error  of  such  a  supposition  is  to  be  proved;  but  the 
explanation  given  above  seems  to  the  writer  more  in  accordance  with 
rca.son  an<l  probability. 

Flexion  in  hip-disease  varies  in  degree  from  a  flexion  which  brings 
the  thigh  nearly  in  contact  with  the  trunk  (in  occasional  old  neglected 
cases)  down   to  a  point  where  careful  tests  are  needful  to  demonstrate 
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the  vicious  position.  Usually  the  flexion  is  accompanied  by  adduction 
or  abduction.  Abduction  occurs  sometimes,  csjK'cially  in  early  cases, 
but  is  less  comniuu.  Later  the  combination  of  adduction  with  flexion 
is  the  ramili.ir  picture.  No  less  important  than  the  presence  of  deformity 
is  the  liniit.ilion  of  motion  by  muscular  spasm  which  may  occur  where 
there  is  no  dL-formily,  In  very  early  casc.-i  the  only  sign  present  may 
be  a  certain  limitation  of  the  range  of  motion  as  compared  with  that  of 
the  saund  hip.  There  may  be  limitation  of  all  movements,  or  of  some 
only ;  for  instance,  there  may  be  a  loss  of  hypercxtension  only,  or  of 
external  rotation  and  abduction.  Any  difierencc  in  the  range  of 
motion  in  the  two  hips  requires  explanation.  If  there  is  no  other  proc- 
ess found,  it  is  safer  to  assume  that  there  is  joint-trouble  (probably 
tubercular),  to  warn  the  parents  of  the  patient  as  to  the  possibility 
of  .serious  trouble,  and  to  treat  the  case  for  the  tune  bcmg,  until  a 
definite  diagnosis  is  possible,  as  one  of  probable  hii>-disease. 

It  is  to  be  noted  that  flexion-deformity  may  be  a  result  of  structural 
changes,  and  hence  may  not  yield  to  treatment.  The  same  is  true,  to 
some  extent,  of  the  limitation  of  motion ;  but  in  general  the  limitation 
corresponds  pretty  closely  to  the  acuteness  of  the  disease  (whether  in 
early  or  late  st^igc),  and  is  therefore  a  better  index  of  effectiveness  of 
treatment  than  is  the  decrea.se  in  permanent  flexion. 

Since  flexion  is  In  cenain  ciues  the  nnly  symptnin  ujmn  which  reliance  can  be  pliKr«l 
in  ttie  diftgnosiaor  bip'di«ca»e,  it  becomes  impurUni  tu  iJctccl  il  wilfa  certainljr.  Flesiufi  is 
riiiitiil  also  in  cflrie*  of  ikc  liiinbitr  spini;,  urith  atisrrvk  in  the  iliac  fouii.  In  hip-diwate 
iht  spine  archfls  readily  when  the  limb  i*  pre».wd  slraight  white  th«  pilicm  Um  on  hi*  lawk ; 
in  spciuil  iliNOisr,  Iiiiwfvt:i,  (lie  krii-i;  runitol  be  ]ire».>fil  (](iwi),  liiil  ri-matn^i  tilled  up,  oiring 
lu  Mi^neM  ill  the  tiexoT  niUKles  of  the  lii]>-juitil  and  rij^idily  uf  tlic  xpine.  Such  cams  nuf 
be  miiitaken  fur  each  nthcr,  especially  when  nUended  with  nltMrct^s  in  Ihe  groin  and  itioc  foua. 

Another  well-known  symptom,  "flattening  of  the  buttock."  is  the 
result  of  muscular  wasting;  and  the  wasting  of  other  muscles  [cads  to 
a  general  atrophy  of  the  limbs.  In  certain  muscles  this  is  the  specific 
atrophy  of  joint-disease  ;  there  is  also,  however,  the  atrophy  of  disuse. 
affcctiiiji;  all  the  tissues,  as  seen  in  the  .short  foot  familiar  in  old  hip 
cases. 

When  pain  attends  hip-discasc.  it  is  commonly  definite,  and  referred 
to  the  iinniediate  neighborhood  of  the  joint;  but  sometimes  it  is  also 
fell  down  the  front  or  inner  side  of  the  thigh,  and  even  as  far  as  the 
knee.  This  di.stant  pain  is  supposed  to  be  due  to  irritation  of  the 
obturator  nen'e.  the  distribution  of  which  in  the  hip-  and  knee-joints 
and  down  the  thigh  corresponds  with  the  distribution  of  the  pain. 
Even  in  the  absence  of  pain  in  the  hip-joint,  pain  down  the  thigh  or  in 
the  knee  may  be  felt,  and  might  withdraw  tlie  surgeon's  attention  from 
the  joint  concerned,  were  it  not  that  the  traditional  interest  attached  to 
*'pain  in  the  knee"  has  become  established,  in  literature  and  practice. 
as  a  symptom  of  hip-ilisease.  The  pain  accompanying  hip-disease  is 
often  persistent  and  prolonged,  and  even  when  it  has  ceased  to  be 
constant  or  frequent,  is  easily  reproduced  by  slight  movement 
pressure.  It  is  probable  that  acuteness  of  p.ain  in  the  hip-joint  is  a 
sign  of  tension.  This  tension  may  be  intracapsular  or  osseous.  Per- 
sistent and  prolonged  pain,  described  as  dull  aching  or  boring  in 
character,  often  attends  cases  in  which  the  bones  are  primarily  aflcctcd. 
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and  in  which  afterward  shortening  of  the*  femoral  neck  or  absorption 
of  the  head  is  manifested  by  the  altered  position  of  the  ^reat  trochanter, 
and  by  a  shortened  limb.  Tension  or  at  least  irritation  in  parts  inflamed 
may  be  brought  about  by  tlicir  movements ;  hence  the  great  pain  ex- 
perienced in  many  cases  of  infldincd  joint  previous  to  their  fixation  by 
a  suitable  splint,  ;uk1  the  converse,  the  early  relief  experienced  on  the 
mechanical  attainment  of  immobility. 

All  ihiH  may  uccur  wiihoui  absce»,  and  the  result  may  be  a  cnranlrtc  rriurn  to  viiitwl< 
ness.  in  the  ncnt-e  of  rrcuvrn'  ftntn  infljiinmation,  the  (lt>iappeara,iit:e  uf  all  pain  aii>]  tender- 
nesH,  lUe  nutiuu- nance  of  htivngth  nnil  i>(  ;i  lar^je  uiiinunc  ui  muliiliiy.  HuL  ihere  mny  r(t»ily  be 
left  jiomc  flcKion-Hrfumiity,  nml  tioiially  «imc-  limilaiton  of  iiiotion,  especially  if  mechaniciil 
tTcaCiueiil  ha^  nut  btcn  veiy  (liuruu)^tily  pei»t»[eil  in  iur  a  lung  time.  Mure  [■cnere.lly,  1iqw> 
ever,  in  nsrs  of  pmlotL^rit  jwin  ninl  primnry  di^enie  of  ihc  bones,  an  ab»ccss  fonn.s,  and 
elTecU  B  urcat  auil  setious  change  in  tlic  pru.ipects  uiid  ntaoagcmcnt  of  [lie  ouc,  oltliough 
Micb  an  absce^M  may  become  nbM)rbe<l  quietly,  wiib  or  withoui  aspiration. 

The  ".shortening"  alluded  to  as  a  deformity  is  most  important, 
and  always  indicates  defective  growth  or  loss  of  substance  in  the 
femur.  It  may  in  later  stages  be  considerable  in  amount,  and  will 
then  usually  be  found  to  indicate  partial  or  complete  luxation  of  the 
hip,  rendered  possible  especially  by  the  absorption  of  the  rim  of 
the  acetabulum.  Such  luxation  may  occur  despite  careful  treatment. 
There  are,  however,  many  cases  in  which  stiffness  in  the  flexed  position, 
with  or  without  other  fixed  attitudes,  produces  an  effect  of  shortening 
that  on  clo.se  investigation  is  found  to  be  apparent  only.  To  distinguish 
between  "  apparent"  and  "real"  shortening  isof  importance,  but  this  can- 
not be  attained  by  merely  measuring  the  length  from  the  anterior  pubic 
spine  to  some  fixed  point  in  the  limb,  such  as  the  lip  of  a  malleolus, 
unless  the  relation  of  the  limb  to  the  pelvis  is  the  same  on  both  sides. 
For  ordinary-  purposes  the  amount  of  real  shortening,  or  its  absence  in  the 
event  of  apparent  shortening,  can  be  detected  at  a  glance  by  placing  the 
limbs  "  symmetrically,"  as  referred  to  above  in  the  estimation  of  flexion. 
These  adjustments  are  effected  by  manipulating  the  limb  on  the  di.seased 
side  until  the  jjelvis  is  placed  (|uile  evenly.  Then  the  -sounti  limb  is  put  in 
the  same  pnsition  as  that  in  which  the  other  is  fixed,  and  by  comparing 
the  two  sides  their  length  is  found  to  be  identical  in  cases  of  apparent 
shortening,  and  the  amount  of  true  shortening  is  accurately  seen  in 
cases  where  it  exists.  For  exact  measurement,  however,  and  complete 
demonstration,  '*  Nelaton's  line"  is  valuable.  This  is  indicated  by 
laying  a  tape  on  the  outer  side  of  the  limb  from  the  anterior  su|X'rior 
iliac  spine  to  the  ischial  tLil>erosity  k>^  the  same  side.  In  a  sound  hip, 
or  in  one  unaffected  by  shortening,  the  tip  of  the  great  trochanter  lies 
just  below  this  line.  In  the  event  of  shortening,  the  amount  will  be 
shown  by  the  altered  situation  of  the  trochanter  in  relation  to  Nelaton's 
line.  For  this  demonstration  the  patient  has  to  be  turned  over  on  ihe 
soimd  side. 

I>la£;no5iS. — From  the  account  just  given  under  the  head  of 
Symptoms,  it  is  evident  that  the  diagnosis  may  be  easy  or  difficult 
according  to  circumstances.  Many  cases  run  their  course  without 
abscess  or  any  signs  of  liquid  effusion.  Some  arc  actually  painful  and 
disabling,  and  attract  attention  early;  while  others  arc  milder  in  their 
course,  and  more  or  less  recovered  from,  e\'en  if  untreated,  and  result 
in  flex  ion -dcffirmity  and  stiffness.     Mistakes  in  diagnosis  may  be  made 
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not  only  by  beginners  but  by  persons  of  ripe  and  varied  cxpcricnc 
The  most  usual  mistakes  are  the  confusion  of  hip-  and  spine-disease 
abuvc  referred  to,  the  failure  to  recognize  acute  sprains  or  fractures  of 
the  fenicjral  neck,  and  occasional  failure  to  detect  congenital  hip-disloca- 
tion or  coxa  vara. 

Principles  of  Treatanent. — The  treatment  of  hip-discasc  has  the 
following  objects  in  view ;  ( i )  immobilization  of  ilie  joint ;  (2)  separation 
by  traction  of  the  joint-surfaces;  (3)  the  correction  of  flexion  or  other 
malposttitm;  (4.)  the  treatment  of  abscess.  In  early  cases  the  importance 
of  rest  in  bed  must  always  be  kept  in  mind.  Even  if  no  appliances  be 
at  hand,  this  resource  need  never  fail,  especially  in  the  presence  of  pain 
or  tenderness.  Its  employment  is  obviously  dictated  by  common  sense, 
and  cannot  be  dispensed  with  until  all  pain  and  tenderness  arc  gone. 
The  application  of  a  spliiil,  without  confining  the  patient  to  bed,  should 
seldom  or  never  be  resorteil  to  until  the  surgton  has  had  some  experi- 
ence in  its  u.se,  enabling  him  to  judge  which  cases  are  fitted  to  move 
about  from  the  commencement.  Not  only  in  early  cases,  but  where 
there  is  double  hip-discasc,  and  in  cases  at  any  stage  where  there  is 
much  pain  or  tenderness,  marked  deformity  or  rapid  progress,  with  or 
without  abscess,  bed  treatment  is  indicated.  Almost  invariably,  how- 
ever, the  recumbtnt  position  has  to  be  supplemented  by  some  mecliani- 
cal  arrangement  that  (ixe^  the  limb  and  trunk  in  line.  The  more 
completely  and  rigidly  this  fixation  is  attained,  the  more  effectual  will 
the  treatment  be.  For  this  purpose  the  long  splint  of  IJston  h;is  often 
served,  and  up  to  about  [874  was  the  chief  resource  in  the  British  Isles. 

In  the  case  of  infants  tlic  single  long  splint  is  almost  useless,  because 
the  patient  rolls  over  on  the  side,  in  which  position  flexion  of  the  hip- 
joint  is  not  prevented.  To  secure  proper  immobilitj'.  a  pair  of  long 
splints  attached  by  a  cross  bar  at  each  end.  so  as  to  constitute  a  stiff 
frame,  keeps  the  patient  still  enough  to  att^iin  the  object  in  certain  cases. 
Still  better  is  a  fixation-frame  to  which  the  patient  may  l>e  strapped. 
Such  a  frame  may  be  made  of  light  gas-pipe,  joined  at  the  comers  with 


Fig.  358. — Bradford'!  fixalton^franw . 

ordinary  right-angled  gas-fitters'  joints.  It  should  be  from  two  to  four 
inches  longer  than  the  patient,  of  a  width  about  equal  to  that  between 
the  shoulder-tips.  It  is  covered  with  stout  drilling,  tightly  stretched, 
as  shown  in  the  illustration  (Fig.  358J.  Such  a  frame  gives  a  means 
of  fixation  for  the  patient's  body,  and  makes  it  possible  to  move  him 
without  stirring  up  the  joint.  Traction  is  applied  by  weight  and  pul- 
ley :  a  hold  on  the  limb  is  secured  by  adhesive  plaster  strips 
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well  up  the  thigh ;  the  weight  used  is  from  4  to  10  pounds.  Trac- 
tion is  made  in  t])c  line  of  deformity,  if  dcformily  is  present ;  if  flex- 
ion is  present,  llie  leg  is  meanwhile  supported  on  an  inclined  plane. 
Under  this  treatment  reflex  spasm,  the  usual  cause  of  deformity,  re- 
laxes, and  the  apparatus  is  gradually  lowered  till  the  traction  is  exerted 
in  full  extension. 

The  Thomas  hip-splint  is  also  used  for  bed  treatment,  though  it 
does  not  in  its  usual  form  provide  for  traction. 

The  great  mechanical  value  of  Thomas's  hip-splmt  rests  in  its  applica- 
tion behind  the  limb  and  the  trunk,  in  such  a  way  as  most  effectually  to 
oppose  all  tendency  lo  ilcxioti  (see 
Kigs.  270,  z-jj)-  It  is  made  of  flat 
iron  rod  stiff  enough  to  resist  the 
muscles  of  the  patient,  but  not  too 
stiff  to  be  twisted  or  bent  forcibly 
by  the  surgeon  or  instrument- 
maker.  In  its  single  form  it  is 
slightly  |>:idded  and  covered  with 
leather  (Ftg.  359).  For  infants  and 
young  children  the  double  splint 
is  much  the  best,  and  fixed  pad- 


Flo.  JS9. — TVimiu't  linck  htp^linl. 


Fig.  360. — Thomu'i  doubk  hip-t|>1int  rcAdy 
fot  applkalion;  Iodic  pAd  for  the  b«ch  im  uti . 
ihoalcI«fbnic«i  ol  bandage  pauinc  through 
leather  lubes  to  go  over  Ihc  ihouldcn. 


ding  can  oflcn  be  dispensed  with,  being  replaced  by  a  large,  loose  flat 
pad  encloseil  in  biisil  leather  foi  the  back  (Fig.  360),  while  the  hmbs 
arc  ]}rotcctcd  by  a  roll  of  cotton  wadding  bandaged  on.  The  modifi- 
cation of  the  Thomas  splint  by  Robert  Jones  (Fig.  362)  provides  not 
only  for  fixation,  but  for  traction  as  well,  and  a  certain  amount  oi  ab- 
duction counteracting  the  visual  adduction  and  flcxion-deformit\'. 

The  vast  majority  of  cases  of  hip-disease,  however,  need  bed  treat- 
ment for  a  short  time  only,  or  at  infrequent  intervals,  and  can  be  well 
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treated  by  ambulatory  splints  (see  Fig.  277).  The  first  requisite  of  such 
a  splint  is  that  it  relieve  the  hip  of  weight ;  the  second,  that  it  fix  the 
hip.  Beyond  this  there  is  good  reason  to  believe  traction  on  the  leg  of 
definite  value.  The  splints  most  in  use  are  modifications  of  those  of 
Thomas  and  of  Taylor.  The  Thomas  splint  is  more  effective  in  fixing 
the  joint  and  limiting  flexion.  [It  is,  however,  somewhat  cumbersome, 
does  not  afford  any  traction  beyond  the  weight  of  the  hmb,  and  does 
not  really  insure  rest  to  the  hip  even  where  a  high  sole  on  the  other 
foot  is  used,  for  children  are  very  likely,  where  the  joint  is  not  tender, 


Fig.  361. — A,  Ixing  traction -splint ;  B,  Convalescent  splint. — Ed. 


to  use  the  foot  despite  any  apparatus.  The  Taylor  splint  fixes  less 
well,  but  with  proper  application  it  is  possible  to  secure  good  traction 
and  to  prevent  absolutely  any  use  of  the  limb.  With  either  splint  the 
high  sole  and  crutches  should  be  used. — En.] 

If  pain  persists  in  spite  of  a  well-applied  splint,  it  will  be  due  to  a 
persistent  course  of  the  disease,  especially  in  the  bones. 

In  late  cases,  if  the  fle.xion  is  great  and  the  stiffness  is  marked, 
though  not  extreme,  while  pain  is  absent,  and  the  case  is  chiefly  one 
of  deformed  attitude  and  resulting  chronic  lameness,  rest  in  bed,  with 
traction  and  prolonged  treatment  with  the  extension-splint,  will  effect 
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a  gradual  ^straightening,  and  ultimately  greatly  improved  progression. 
This  gradual  straightening  i.s  a  sponUnanis  process  unattended  by  any 
mcclianical  force  on  the  part  of  the  surgeon,  who  merely  "  takes  in  the 
slack"  as  he  finds  it.  It  is  not  always  painless,  and  may  be  a  source 
of  much  aching  aiid  sleeplessness  to  the  patient  during  the  first  few 
>days.  This  pain  is  dia-  to  tbi:  stretching  of  muscles  which  have  become 
shortened  during  tht;  niainlcnnncc  of  ihc  flexed  attitude,  and  also,  per- 
haps, to  a  similar  stretching  of  shortened  capsule. 

A  very  important  question  then  arises  as  to  how  long  treatment 
must  be  continued.  It  must  be  obvious  that  treatment  should  con- 
tinue until  the  symptoms  have  disappeared  and  do  not  return  ;  but  the 
symptoms  sometimes  do  return  sliartly 
after  remitting  the  treatment.  Pnicli- 
cally,  it  is  not  safe  to  umil  the  splint 
until  a  year  or  two  after  muscular 
spasm  has  disappeared.  [During  this 
period,  however,  a  cdftvalescent  splint 
vT^'y-3f^l.  ./?)jnay  be  worn. — Kn.]  After 
the  application  of  such  splint  the  |)alicnt 
should  be  carefully  inspected  at  inter- 
vals, to  see  whether  any  flcxion-stiflT- 
ncss,  pain,  or  increased  tenderness  has 
returned.  The  return  of  any  symptom 
should  be  met  by  the  re-application  of 
the  splint  previously  worn,  or  perhaps 
by  confinement  to  bed,  and  treatment 
is  to  be  continued  until  all  symptoms 
are  gone  and  fall  to  return  before  re- 
suming the  convalescent  splint.  The 
removal  of  the  splint  becomes  just  as 
much  a  matter  of  experience  as  its 
original  application.  The  evidence  tif 
complete  resolution  is  the  absence  not 
only  of  all  pain  and  tenderness,  but 
also  of  all  stiffness  or  return  of  de- 
formity. The  patient  must  be  able  to 
extend  the  hip-joint  fully  while  lying 
down  on  a  flat  surface  with  the  sound 
limb  bent  completely  on  the  trunk.  In 
practice,  however,  perfect  results  are 
rare.  After  a  prolonged  adoption  of  the  straight  position  in  the  splint, 
and  the  increase  and  improvement  of  locomotion  this  aflTords.  one  of 
two  things  may  be  ex|jec!ted  to  result — cither  the  occurrence  of  perma- 
nent stiflncss  in  the  straight  attitude,  or  the  restoration  of  movement 
in  the  joint.  The  permanent  stifTness  of  the  hi[>-joint  either  by  bony 
ankylosis,  which  is  not  frequent,  or  by  fibrous  adhesion  affords,  when 
attended  by  the  straight  [Hisition.  a  complete  and  almost  perfect  loco- 
motion, which  ill  walking  c;in  be  effected  without  the  slightest  limp,  if 
there  be  no  shortening.  If  in  treating  a  case  no  relaxation  of  the 
flexion  occurs,  if  bony  ankylosis  be  otherwise  ascertained  to  exist,  the 
femur  may  be  divided  at  or  above  the  great  trochanter. 


Fig.  36a  ^^ Thomas' 1  double  hip- 
splint  iU  innHilie-il  for  ritension  and 
abduction  on  the  Wtt  side;  peHMal 
Innd  on  ihc  right. 
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The  ideal  treatment  of  abscess  with  accompanying  hip-discasc 
would  naturally  be  aseptic  incision,  with  or  without  flushing  wilh  hot 
water  or  weak  antiseptic  solutions,  and  with  or  without  immediate  su- 
ture after  filhng  the  cavity  with  iodoform -an  d-glyccrin  emulsion.  Such 
treatment  should  be  i>receded  by  the  ajipHcation  of  a  splint,  in  com- 
bination with  which  the  necessary  dressings  can  be  applied.  Incbion 
of  abscess  requires  bed  treatment  for  some  time  afterward  for  best 
results. 

The  opening  and  satisfactory  healing  of  abscesses  by  aseptic  incision 
and  dressing,  without  removal  of  bone,  may  result  in  alt  that  iran 
be  desired,  lca\*ing  the  limb  useful  and  unshortened,  as  in  resolution  of 


FKL363. — Left  hip-discasr  following  typh>:>i<l  in  \  man  agf.d  lliirty-iiK.     I'ut  up  uaderexteniioci 
And  nhduclion,  nftcr  oMcotomy  nf  thr  neck  of  (he  femur. 

the  disease  without  abscess.  If  bony  ankylosis  or  stiff  fibrous  union 
result  in  the  straight  position,  the  necessary  movements  occur  through 
the  flexibility  of  the  lumbar  spine.  Similarly,  the  spontaneous  burst- 
ing of  abscess,  and  even  the  continuance  of  sinuses,  may  result  in  Sfion- 
tancous  healing,  with  or  without  shortening,  flexion,  or  other  dcformit>-. 
But  such  sinuses  may  persist,  and  impair  the  health  or  lame  the  patient. 
Secondary  cxcisiou.  [jerformed  from  the  front,  may  result  beneficially, 
and  after  healing  may  be  followed  by  complete  recover)'  of  health  and 
strength,  with  shortening,  but  often  with  considerable  motion. 

Although  pain,  tenderness,  and  stiffness  quickly  disappear  in  many 
ca.ses  on  the  application  of  the  splint,  there  are  others,  more  or  less 
acute,  in  which  the  expected  relief  is  greatly  delayed  or  fells  to  occur. 
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the  case  going  on  from  bud  to  worse.  The  advance  of  the  tubercular 
process  often  accounts  for  this,  and  the  subsequent  shortening  in  cases 
that  eventually  get  well  proves  the  fact  of  absorption  in  the  head  or 
neck  of  the  femur.  In  other  cases  that  have  still  recovered  wilh 
shortening,  abscess  has  formed  and  has  been  successfully  trt^ted,  Ihc 
process  never  having  been  acute.  Others,  again,  had  early  persistent 
pain,  eventual  relief,  the  l;ite  I'onnation  of  abscess,  and  its  successful 
aspiration. 

Excision  of  the  joint  is  best  done  at  the  front  or  side,  which  is  more 
accessible  for  dressing  purposes,  while  the  ti-isue*;  beliind  are  preserved 


Fig.  364- — MultipU-  kikleomy'chui,  Ihitt  of  (tir  (i-mur  AffcL-tiriK  ili*-  hl(>-)oinl;  tCD  ytkn' 
duration :  p«Uetitsged  Mxieen 

unwoundcd  for  the  application  of  the  splint.  When  undertaken  com- 
paratively early,  before  itie  surface  has  broken,  the  tubercular  process 
has  a  gomi  chance  of  being  eradicated,  and  the  part  restored  to  sound- 
nes.s  and  utility  more  speedily  than  after  the  formation  of  sinuses. 
There  is  necessarily  some  deformity,  owing  to  the  inc\'itablc  shortening. 
The  pathological  condition  in  the  cases  to  which  early  primary 
excision  is  applied  differs  considerably  from  that  in  which  the  operation 
is  performed  "  sectindarily."     In  the  former  class  of  cases  there  is  the 
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unbroken  surface,  and  ihc  cliicf  features  of  disease  are  the  softened, 
carious,  and  caseous  stale  of  the  cancellous  bone  in  the  head  and  neck 
of  the  femur,  and  the  swollen  and  shreddy  condition  of  the  surrounding 
capsular  IifianQ,cnts  and  other  soft  parts.  There  may  be  abscess,  but  it 
is  often  more  serous  than  purulent  in  character.  The  object  of  every  such 
operation  is  \n  remove  all  tubercular  material,  inflammatory  exiuUtion, 
and  portions  nf  licrvitatized  or  half  nourished  tissues  adjacent,  the 
removal  uf  which  by  ab.sorption  is  not,  indeed,  always  impossible,  for 
such  process  must  often  occur,  but  tlie  presence  of  which  at  the  best 
greatly  delays  the  rcpanilive  process,  and  in  the  event  of  bursting  or 
incision  may  be  attended  with  burrowing  sinuses  and  secondary  infective 
suppuration.  Firmer  and  sounder  tissues  are  left  in  contact  with  each 
olher,  and  in  spite  of  the  deformity  resulting  from  removal  of  bone,  a 
much  quicker  local  repair  is  obtained  than  by  the  efforts  of  nature, 
while  the  patient's  health  is  speedily  restored,  or  often  not  actually 
imiMircd.  Moreover,  the  heating  of  the  parts  sometimes  results  with- 
out suppuration,  febrile  reaction,  or  delay  of  any  kind. 

In  the  cases  to  which  *'  secondary  excision  "  is  applied  there  may 
have  been  partial  repair,  but  sinuses  are  established  leading  to  the 
remains  of  the  joint,  and  perhaps  to  the  surface  or  interior  of  carious 
bone.  In  other  cases  steady  increase  of  symptoms  despite  careful 
Ireatmcnt  is  the  indication  for  excision.  The  object  of  excision  is  to 
open  up  the  burrowing  channels  of  local  infection,  and  to  attain  healing 
by  the  granulation  of  the  cavity  that  remains.  The  effect  of  operation 
in  some  cases  is  as  speedily  beneficial  as  in  the  removal  of  diseased  bone 
in  other  parts  away  from  joints  ;  but  in  other  cases,  where  the  oiKrration 
is  performed  on  emaciated  and  anemic  subjects,  the  risks  are  great 
though  nccessar>\  and  the  recovery  is  sometimes  slow. 

Late  excision  is  indicated  by  the  condition  oi  the  joint  /«*r  se,  early 
excision  often  in  adults,  and  where  thorough  treatment  is  impossible. 
The  question  of  the  selection  of  cases  for  early  excision  is  still  a  dis- 
puted point.  Some  surgeons  frequently  employ  this  measure;  others, 
almost  never.  In  certain  ca.scs  where  the  whole  hip  region  is  involved 
and  riddled  with  sinuses,  especially  where  there  is  an  extensive  osteo- 
myelitis of  the  shaft  of  the  femur,  amputation  is  indicated.  Excellent 
as  the  results  of  late  excision  often  are,  in  some  cases  the  operation  is 
wholly  unsatisfactory. 

Ill  ca^«  of  chronic  deformity  autndeij  wJlh  much  shottcning.  flciion.  and  uddDcboit, 
willi  up-tilted  pelvi*.  Kobect  Jones  bn>  »till  furlhn  tiiipruve<t  tine  ircauncnl  by  union  of  the 
combined  hip-  and  Itncc-spltnis,  muditicd  as  in  the  ntcnsion  ircaiment  of  quickly  delen»- 
nling  curly  hip-di'«a»e.  \V'ith  it  tiiic  .uw  be  pcHuniu  anliKcptic  osteotomy  of  the  fenonl 
thafi  Tfry  obliquely  about  ihe  ((rrat  irocliBiiicr,  end  then  |)uti  up  ibc  limb  in  the  abdixlctl 
poisiiion,  under  enlcn^ion,  during  the  progicss  nf  uoion.  As  in  early  caiies,  (he  extniMm 
i>)  iTuiinisine<l,  and  occa->iona11y  rv'  adiiiMrd,  uniil  (be  limb  i«  tirm  and  strong,  lite  clfecl  of 
the  ahirliKtetl  po«i(inn  is  to  (ill  the  pt^IvU  down  on  that  side,  and  to  to  make  up  for  sumc  of 
the  sbortenine  previoit^lv  rxiMing, 

In  Xnremhrr,  iSq7.  the  writer  succeeded  admirably  10  such  a  casein  a  manof  tbiily-m, 
much  <lefi>rincd  after  lyplioid.  The  left  hip«-as  ankyloied,  ndducled.  flirsed,  and  nilalett 
in,  Ihe  skin  fortunitteir  ficinn  unbroken,  and  the  tissuei  heAllhy.  (jMcotomy  of  the  fctnnnl 
neck  wa»  pcrfutincd  wiLb  a  clitKcl  driven  flraight  ibriiu^b  lb«  skin  above  and  beliind.  The 
Simb  wn«  put  up  under  eitenMon.  and  abduclinn.  The  wound  healed  by  fir>t  intention,  and 
ail  dcfontiity  was  got  rid  of  in  a  rffty  few  wceki',  withuul  impairing  tbc  patient'*  health  tn 
the  least.  In  this  case  no  special  appliance  was  used.  The  sound  side  was  fi\ed  in  an 
urdii;ary  single  hip-splint.  Einieniion  was  applied  after  oueMomy  on  the  afTccieft  side  b* 
mMns  of  a  Thomas's  knee-splini.     Abduction  was  kept  up  by  mmns  of  a  onall  knce-«pline 
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tied  lo  both  «iiklrK,  w  as  (o  kcc;i  them  apait.  The  accoin|>«nying  illu^nition  (Fig.  36^) 
is  from  a  ijlmrtigiaph  lakcii  nXwt  wvcn  wcck»,  prcvigus  lo  leiiinj;  itit-  |uiiiriii  up  in  11  Ich 
single  lit[}'»p]itit.     lie  has  progrcssnl  wdl  ever  &ince,  and  all  lirritrniily  is  gone. 

Where  there  is  flexion-ankylosis  or  flexion  with  adduction,  the  sub- 
trochanteric osteotomy  of  Gant  is  also  of  service.  Osteotomy  of  what- 
ever description  is  rarely  to  be  applied  except  in  cases  where  there  is 
firm  ankylosis ;  other  cases  are  usually  more  amenable  to  other  treat- 
ment, cither  conservative  treatment  or  excision. 

OsUomyditis  is  sometimes  a  cause  of  hip-disease,  as  well  as  disease 
of  other  joints  (see  I''ig.  364). 

Simpk-  traumatic  inflammation  of  the  hip  may  occur.  The  treat- 
ment in  Thomas's  splint  is  both  simple  and  speedy,  resulting  in  com- 
plete recovery  in  a  very  few  weeks. 

DISEASES  OF  THE  KNEE-JOINT. 

Affections  of  the  knce-joJnt  are  chiefly  inflammatory,  and  may  be 
anatomically  divided  into  three  classes:  i.  Synovitis;  2.  Capsular 
arthritis;  5.  Ostco-arthritis. 

Synovitis. — By  synovitis  is  usually  understood  an  effusion,  more 
or  less  liquid,  into  the  joint-cavity.  The  cflfusiou  may  be  pure  blood, 
scrum,  or  pus.  Since  pneumatic  aspiration  with  antiseptic  precautions 
has  come  into  vogue,  the  nature  of  the  effusion  can  be  harmlessly  and 
oflen  beneficially  investigated.  Effusions  of  blood  are  commonly 
entirely  liquid,  but  sometimes  coagulate  shortly  after  issuing.  EflTu- 
sions  of  serum,  so-called,  also  frequently  undergo  partial  coagulation 
of  thin,  yellowish  fibrin.  Effu.sions  of  pus,  promptly  withdrawn  by 
aspiration,  after  efficient  fixation  in  the  straight  line,  arc  sometimes 
cured  after  one  or  more,  sometimes  very  few,  tappings.  The  bac- 
teriological examination  of  the  pus  shows  micrococci,  indicating  the 
character  of  the  inflammation,  which  may  be  pyemic  or  gonorrheal. 
The  difltrential  study  of  these  conditions  is  favored,  and  the  treatment 
often  expedited,  by  merely  tapping ;  in  fact,  much  clinical  light  is  thrown 
upon  the  effusions  into  the  knee  by  tapping.  In  aspirating  joints  the  trocar 
should  not  be  smaller  than  a  No.  2  or  3  catheter  (English  scale),  and  may 
be  required  as  large  as  a  No.  4  or  5  or  larger  for  some  purposes.  Effu- 
sions into  the  knee  are  easily  seen  and  fell  by  the  bulging  of  the  joinl- 
cavity,  everywhere  in  some  cases,  but  frequently  in  the  suprapatellar 
region  alone.  This  condition  may  exist  without  severe  symptoms,  com- 
ing on  gradually  and  almost  imperceptibly  at  times,  and  then  causing 
no  more  inconvenience  than  a  weakening  of  the  knee  and  diminished 
activity  of  the  limb;  but  in  other  cases  severe  pain  and  total  disable- 
ment are  conspicuous,  with  or  without  acute  fever.  Synovitis  may  be 
caused  by  a  .sprain,  when  It  may  come  on  immediately  or  after  a  few 
hours,  by  acute  or  chronic  rheumatism,  gonorrheal  rheumatism,  or 
tubercular  inflammation.  It  may  also  be  set  up  by  the  irritation  due 
to  popliteal  aneurysm.  When  resulting  from  sprain  or  other  sudden 
injury,  the  fluid  effused  may  be  pure  blood,  but  is  usually  serous.  The 
joint  in  synovitis  may  or  may  not  be  painful,  tender,  and  disabled,  and 
the  patella  separated  from  the  femur  by  effusion. 

Many  ca.ses  of  synovitis  of  the  knee  tend  to  recur  persistently,  even 
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where  they  cannot  fairly  be  called  chronic.  In  some  of  these  cases 
the  underlying  condition  is  a  stretched  capsule  resulting  from  the  first 
attack,  often  associated  with  a  lack  of  support  from  muscles  which 
have  never  recovered  fully  from  the  atrophy  occurring  with  even  acute 
synovitis.  In  other  cases  a  slipping  patella  is  the  cause,  and  calls  for 
appropriate  treatment,  either  by  protective  apparatus  or,  if  obstinate, 
by  an  operation  to  take  up  slack  on  the  inner  side  of  the  capsule.  In 
other  cases,  however,  more  common  than  either  of  these  conditions, 
we  have  to  deal  with  luxations  of  the  semilunar  cartilages.  This  con- 
dition is  important,  not  only  from  its  relatively  common  occurrence, 
but  from  the  frequency  with  which  it  is  overlooked.  In  a  knee  where 
either  cartilage  has  once  been  luxated  a  slipping  may  occur  on  the  slight- 
est provocation,  and  may  give  rise  to  severe  synovitis.  If  the  cartilage 
be  still  displaced  (evidenced  by  a  painful  "  locking  "  of  the  knee  when 
full  extension  is  attempted),  it  is  possible  to  reduce  it  by  the  classical 
method :  flexion  and  traction,  rotation  and  extension ;  but  even  after 
entire  subsidence  of  the  acute  symptoms  the  trouble  is  likely  to  recur, 
and  may  eventually  necessitate  removal  of  the  offending  cartilage. 

Some  cases  of  synovial  effusion  are  apparently  of  syphilitic  origin. 
It  has  been  asserted  that  "  symmetrical  synovitis "  of  the  knees  in 
young  persons  is  often  to  be  accepted  as  evidence  of  inherited  syphilis. 
Be  this  as  it  may,  the  writer  has  met  with  obstinate  synovitis  where  a 
history  of  syphilis  has  existed,  and  where  thickening  of  the  capsule 
and  chronic  orchitis,  suggestive  of  gummatous  enlargement,  have 
yielded  to  antisyphilitic  medication.  The  evidences  of  syphilis  in 
cases  of  synovitis  are,  in  the  opinion  and  experience  of  the  writer, 
both  rare  and  difficult  to  prove ;  but  they  would  appear  at  any  rate 
to  be  met  with  occasionally. 

Attacks  of  synovitis,  with  or  without  the  thickening  that  indicates 
general  capsular  arthritis,  are  not  infrequently  found  associated  with  a 
present  gonorrhea  or  gleet,  or  a  history  of  a  recent  attack.  Such  cases 
well  fixed  in  a  proper  splint  may  be  rapidly  relieved,  but  if  not,  it  is 
well  to  perform  aspiration  after  fixing  the  limb.  If  the  temperature  is 
raised,  suppuration  may  be  suspected,  and  by  this  operation  readily 
found.  The  number  of  tappings  depends  upon  the  effect.  One,  two, 
or  three,  at  intervals  of  twenty-four  or  forty-eight  hours,  or  of  several 
days,  will  commonly  suffice.  The  urethral  discharge  meanwhile  should 
be  treated.  Gonorrheal  synovitis  of  the  knee  is  highly  amenable  to  tap- 
ping, and  commonly  recovers  quickly;  but  the  prognosis  must  always 
be  guarded,  as  fibrous  ankylosis  may  sometimes  occur  in  spite  of  all 
treatment.     Incision  and  joint-irrigation  have  given  some  good  results. 

In  treating  a  case  of  synovitis  it  is  important  to  keep  the  limb  rigid  and 
straight.  A  conventional  method  which  is  not  infrequently  resorted  to 
consists  in  ordering  the  patient  to  bed  and  directing  the  application  of 
fomentations  until  the  pain  ceases  or  recovery  ensues.  This  method  is 
often  a  sheer  waste  of  time,  and,  moreover,  by  delay  aggravates  an  acute 
and  often  quickly  curable  synovitis  into  a  subacute  or  indolent  chronic 
condition.  There  are  cases  of  a  rheumatic  or  gouty  character  in  which 
fresh  air,  exercise,  frugal  feeding,  and  perhaps  local  massage  are  of 
importance,  while  the  fixation  of  the  joint  is  not.  Ordinarily,  fixation 
on  a  splint,  with  some  compression,  is  necessary. 
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As  regards  the  splint,  the  most  eflcctual  of  all  is  Thomas's  knce- 
spHnt  made  of  iron  rod.  The  variety  known  as  "  bed-ipliiit "  is  appli- 
cable to  either  limb,  havinji  a  symmetrical  padded  oval  ring  embracing 
the  top  of  the  thigh,  and  a  bar  down  each  side  of  the  limb,  extending 
below  the  foot,  where  the  bars  arc  connected.  For  patients  walking 
about,  the  splint  is  made  shorter  and  the  side  bars  arc  disconnected 
below,  but  each  is  turned  toward  its  fellow  and  made  to  clip  in  a  hole 
in  the  heel  of  the  boot.  In  that  form  it  is  called  the  "calliper." 
Another  form  of  "  walking  splint"  (Kig.  3651  is  slightly  different  from 
each  of  these  in  its  lower  end,  which 
projects  beyond  the  foot  and  ends  in  .1 
"  patten "  or  ring  wliich  rests  on  tin- 
ground.  Attached  to  the  bout  on  the 
sound  side  Is  another  patten,  to  equalize 
the  length  of  the  two  limbs.  In  this 
fashion  children  and  young  people  can 
walk  without  bearing  any  weight  on  the 
diseased  limb,  which  hangs  suspended 
in  the  iron  frame  that  bears  the  weight, 
as  the  patient  sits  on  the  upper  oval 
ring.  In  severe  and  many  other  cases 
the  use  of  Thomas's  splint  in  one  form 
or  the  other  enables  the  surgeon  to  suc- 
ceed where  otherwise  the  joint  would 
go  on  to  destruction.  In  simple  trau- 
matic cases  a  simple  kncc-splinl  will 
suffice. 

Where  the  tcndemes.s  and  disable- 
ment are  not  great,  and  the  patient  can 
be  made  to  understand  the  utility  and 
importance  of  voluntarily  keeping  the 
limb  stiff  and  straight,  the  joint  may  be 
fixed  with  wide  strapping  from  the  mid- 
dle of  the  calf  to  the  middle  of  the  thigh. 

For  this  purpo»<^  bImi  shrcti  n(  liniwn  p^prr 
•pmul  with  a  miKlarc  of  [liltli  and  rtwn,  thiiinc^l 
wiih  beDzolin,  make  tct^'  useful  plnMcring  nulcrial, 
which  c«n  \tt  applied  in  Mrim  fmin  3  to  5  irw-br* 
wmJc.  The  result  is  an  adlirMre,  lin»,  lifihl  casinK. 
having  ■  neat  exieriAr,  that  can  br  rcadiljr  torn  oAT 
when  chtnced  or  disconlinuMl. 

Capsular  ArthHtia. — Capsular  ar- 
thritis is  a  genenil  inflammatitm  of  the 
capsule.and  may  occur  in  cases  of  sprain 
or  other  injury,  with  or  without  synovial 
effusion.  The  peculiarity  about  capsular 
arthritis  is  that  evidently  the  capsule  is 
affected  by  the  inflammation  and  is 
thickened  thereby,  whereas  in  synovitis 
there  is  effusion  without  such  participa- 
tion and  thickening.  Tubercular  arthritis  is  usually  of  this  kind, 
though  practically  always  the   primary  focus  is  in  the  bones.      In 
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some  cases  a  swellinjj  occurs  in  some  comer  of  the  joint,  protruding 
the  skin,  and  giving  to  the  finger  a  feeling  of  elasticity,  so  much  so 
that  aspiration  or  incision  may  be  prnctist-d  in  the  hope  of  letting  out 
fluid,  somctin»os  with  and  at  other  times  without  such  issue.  Ana- 
tomical and  surgical  experience  show  that  in  tubercular  infection  there 
may  he  any  degree  of  local  or  general  edema,  puflFincss,  swelling,  in 
the  depths  of  which  may  be  miliary  tubercles,  gelatinous  edema,  granu- 
lation tissue,  patches  of  necrotic  caseation,  or  suppuration.  Such 
swelling  often  comes  on  slowly,  painJcssly,  and  without  the  collective 
attributes  of  acute  inflammation,  for  which  reason  no  doubt  the  old 
term  "white  swelling"  was  naturally  applied  to  it. 

Treatment. — A  case  of  early  arthritis  of  this  kind  may  sometimes 
rapidly  improve  if  the  joint  be  fi.xcd  and  the  patient's  weight  be  taken 
off  it  by  the  use  of  the  longer  walking  splint  with  patten  end  and  addi- 
tional short  patten  on  tlic  opposite  foot.  The  need  for  careful  fixation 
by  Thomas's  splint  is  indicated  in  capsular  arthritis,  which  itself  may 
come  on  in  aggravated  synovitis  that  docs  not  yield  at  first  to  treat- 
ment. After  recovery  and  discontinuance  of  the  splint,  synovitis  may 
occur  in  the  joint,  and  disappear  again  on  resuming  the  splint.  Some- 
times the  inflammation  is  "  gummatous."  and  will  yield  to  rest  and  mer- 
curial medication  with  or  without  potassium  iodid ;  it  maybe  added, 
with  or  without  a  splint. 

Osteo-arthritis. — "  Osteo-arthritis  "  or  "  articular  osteitis  "  occurs 
in  the  tubercular  process  which  first  affects  the  growing  ends  of 
bone  and  then  implicates  the  adjacent  joint.  There  may  be  con- 
tinuous dull  or  even  severe  pain  in  the  affected  bone,  and  abscess 
may  form  outside  or  may  invade  the  joint  Osteo-arthritis  may  also 
occur  in  association  with  acute,  and  especially  with  chronic,  osteomye- 
litis, the  latter  of  which,  from  its  slow  and  often  painless  progress,  may 
closely  simulate  the  appearances  of  tubercle  (sec  Fig.  366). 

Ttitnor. — The  existence  of  sarcomatous  "  tumor  "  in  the  interior  of 
the  femur  or  tibia,  at  the  knee,  may  be  attended  with  a  similar  aching 
that  is  indistinguishable  from  that  of  osteitis,  in  both  of  which  diseases 
there  may  be  no  altcnition  in  size  during  the  period  of  observation.  In 
other  cases  of  tumors  that  give  way  and  burst  into  the  joint,  there  may 
be  many  of  the  appearances  of  chronic  white  swelling.  The  very  relief 
afforded  by  Thomas's  splint  to  a  patient  still  walking  about  has  been 
known  to  mask  a  case  of  malignant  central  tumor  of  the  femoral  con- 
dyles, where  only  intense  aching  pointed  to  the  great  probability  of  a 
centra]  disease  of  the  bone.  But  the  disease  is  supposed  to  be  osteitis, 
and  is  only  discovered  to  be  sarcoma  on  performing  excision  of  the  end 
of  the  bone.  In  a  case  left  to  go  about  and  bear  weight  on  the  affected 
bone,  fracture  of  the  bone  and  rapid  diffusion  of  the  tumor  in  and  about 
the  knee  joint  usually  occur  at  an  early  period.  Such  cases  may  be 
recognized  by  the  absence  of  tubercular  historj*  or  tendency,  by  the 
occasional  existence  of  puls;ition  in  the  swelling,  or  by  the  sudtlen  giving 
way  of  the  limb  on  exertion,  indicating  fracture  of  the  adjacent  bone  in 
cases  where  that  event  occurs.  In  either  tubercular  arthritis  or  tumor 
of  the  knee-joint  there  may  be  antecedent  injury  or  the  reverse,  and 
the  resemblance  between  the  two  conditions  may  be  quite  sufficient  to 
cause  perplexity,  esjiecially  where,  in  the  case  of  tumor,  the  region  is 
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symmetrical  and  oval,  as  in  typical  white  swelliiig.  The  conditions  are 
most  apt  to  be  confoumJed  when  the  likelihood  of  tumor  is  overlooked, 
5u  that  a  careful  analysis  of  the  conditions  will  commonly  result  in  a 
correct  diagnosis 

Treatment  of  Knee-joint  Disease. — The  treatment  should  be 
mechanical  in  the  vast  majority  of  conditions.  In  synovitis,  whatever 
be  the  cause.  mt;chanical  treatment  is  callt;d  for  at  once.  If  acute  and 
disabling,  the  patient  must  be  kept  in  bed.  In  the  absence  of  the  best 
kind  of  splinl,  excellent  fixation  may  be  attained  in  bed  by  a  variety  of 
temporary  expedients,  such  as  canes,  strips  of  wood,  or  other  articles 
of  sufficient  lenpth,  firmly  bound  to  the  limb  over  a  suitable  padding 
of  cotton  wadding  or  thickly  folded  sheeting.  Such  temporar>'  expedi- 
ents arc  enough  sometimes  to  keep  the  limb  at  rest  while  the  patient 
sits  or  even  walks  about ;  but  the  appliance  in  which  efficient  fixation 
can  be  most  easily  and  securely  attained  is  Thomas's  splint. 

Whether  a  case  be  treated  in  bed  or  going  about  must  depend  upon 
the  sensitiveness  and  the  circumstances  of  the  patient.  As  a  rule,  in 
synovitis  he  can  bear  his  weight  on  the  limb  when  fixed  straight,  and 
sometimes  in  capsular  arthritis  also.  Kor  this  reason  it  is  seldom  neces- 
sary to  Iiave  Thomas's  splint  longer  than  the  limb  in  cases  of  this  kind. 
At  first  Thomas  took  the  weight  ofTthe  knee  in  all  cases,  but  afterward 
he  simply  fixed  the  joint  in  synovitis,  and  eventually  found  increased 
use  for  the  calliper  splint  in  mild  cases  of  capsular  arthritis,  many  cases 
recovering,  after  previous  use  of  the  longer  splint,  with  compensating 
patten  on  the  other  foot.  It  is,  moreover,  possible  to  take  the  weight 
of  the  body  from  the  affected  limb  in  walking  by  merely  making  the 
calliper  splint  of  full  Un^h.  The  ischial  region  then  rests  on  the 
top  ring,  on  which  most  of  the  body's  weight  is  then  borne  at  each 
step. 

It  is  not  to  be  supposed  that  all  cases  of  synovitis  can  be  cured 
with  perfect  mechanical  treatment,  even  when  supplemented  by 
aspiration.  Cases  of  suppuration  may  require  incision.  Some  arc  so 
virulent  that  total  destruction  of  the  joint  results,  and  amputation  is 
required  to  save  life.  Others  go  on  to  firm  ankylosis  of  the  joint,  in 
spite  of  all  attempts  at  antiseptic  management.  Thesr  arc  usually  cases 
of  peculiar  infection,  not  limited  to  suppuration,  but  attended  also  with 
necrosis  of  connective  tissue.  They  may  be  idiopathic  or  traumatic. 
In  the  former  event,  broken-down  constitutions  are  commonly  a 
favoring  condition ;  in  the  latter,  wound  of  the  knee-joint,  imperfectly 
investigated  or  otherwise  subjected  to  mixed  infection.  When  once 
obstinate  suppuration  of  the  knee-joint  is  established,  ankylosis  is 
almost  certain  to  result  if  Ihc  patient  and  the  limb  5ur\-ive.  In  punct- 
ure or  other  wound  of  the  knee-joint,  and  more  especially  if  that  event 
be  merely  su.spected,  the  only  wise  course  is  to  explore  the  wound 
under  an  anesthetic,  carefully  fix  the  limb  straight,  and  apply  an  anti* 
septic  dressing  to  the  part,  preferably  without  closing  the  wound. 

Sometimes,  in  chronic  synovitis  without  suppuration,  free  incision  of 
the  joint  is  required.  Such  operation  is  not  to  be  lightly  undertaken, 
and  only  after  proper  arrangements  for  antiseptic  management,  and 
the  most  careful  adjustment  of  the  splint,  which  for  this  and  all  the 
other  purposes  of  exactitude  should  be  that  of  Thomas. 
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Cases  of  tubercular  arthritis  can  with  advantage  be  mechanically 
treated  in  Thomas's  splint  at  first,  and  in  the  early  stages  with  bed  treat- 
ment as  well.  Many  cases  do  tolerably  well  with  simple  fixation  in  a 
plaster-of-Paris  bandage,  but  this  is  not  an  advisable  treatment.  The 
usual  ambulatory  treatment  should  be  by  the  long  Thomas  splint, 
preferably  supplemented  by  a  light  plaster-of-Paris  bandage  which 
prevents  flexion.  Traction  may  be  applied  as  in  hip  cases,  by  means 
of  adhesive  plaster  strips,  which  in  this  case  should  not  extend  above 
the  knee.  Traction  does  not  seem,  however,  to  be  as  essential  in 
the  treatment  of  the  knee  as  it  is  in  hip-disease.  The  high  sole 
and  crutches  should  always  be  used  till  the  convalescent  stage  is 
reached.  Slight  cases,  especially  in  children,  yield  remarkably  well, 
and  often  get  quite  sound ;  but  in  the  event  of  abscess  the  case  is  differ- 
ent. Even  then,  in  children,  sound  healing  may  occur  after  bursting  or 
incisidn.  The  healing  is  sometimes  spontaneous  without  any  attempt  at 
antiseptic  dressing ;  but  in  spite  of  this  the  dressing  should  be  used 
whenever  the  condition  is  known  to  exist.  In  adolescents  or  adults  it 
often  happens  that  abscess  forms  in  one  corner  or  other  of  the  joint, 
and  it  is  well  in  such  cases  to  ascertain  quickly  whether  or  not  the 
abscess  comes  from  the  joint,  and  to  perform  excision  early,  before 
secondary  suppuration  has  occurred.  It  is  useless  to  temporize  with 
tubercular  arthritis  in  adults  or  adolescents  when  suppuration  exists  or 
when  the  articular  surfaces  are  eroded.  Even  in  the  absence  of  suppura- 
tion, a  pufly,  pulpy  synovitis,  unless  distinctly  relieved  by  mechanical 
treatment  and  evidently  diminishing,  should  be  submitted  to  opera- 
tion by  excision  or  amputation.  In  children,  however,  mechanical  treat- 
ment may  well  be  long  persisted  in.  When  improvement  occurs,  the 
rule  is  that  the  splint  with  the  patten  and  the  high  sole  on  the  sound 
foot  be  worn  till  reflex  spasm  disappears,  then  supplanted  by  the 
calliper  splint  during  the  long  period  of  protection  which  is  necessary 
here  as  in  hip  cases. 

Not  infrequently,  even  with  fair  treatment,  some  flexion  of  the  knee 
results,  and  in  the  less  successful  cases  subluxation  of  the  tibia  back- 
ward may  occur.  For  this  reason  reduction  of  flexion-deformity  in  the 
knee,  especially  in  the  later  cases,  is  difficult,  and,  where  forcible  reduc- 
tion is  advisable,  special  apparatus  is  necessary  to  correct  the  subluxa- 
tion together  with  the  flexion.  Where  actual  ankylosis  has  occurred, 
with  marked  flexion,  either  osteotomy  near  the  joint  or  excision  must 
be  resorted  to. 

Excision  of  the  Knee-joint.— In  excision  the  operation  should 
alway.s  be  planned,  if  possible,  before  the  surface  is  broken  by  previous 
operation.  Careful  aseptic  puncture  by  aspiration  need  not  vitiate 
the  condition  most  desired  in  excision,  nor  even  exploratory  incision, 
if  performed  within  twenty-four  hours  under  stringent  antiseptic  pre- 
cautions. Having  opened  the  joint  by  a  transverse  incision  passing 
between  the  patella  and  tibia,  the  ligaments  are  divided,  and  a  slice  sawn 
ofl"  the  femur  and  tibia  in  the  horizontal  plane  of  the  joint,  so  as  to 
result  after  union  in  a  perfectly  straight  limb.  All  suppurative,  caseous, 
and  tubercular  tissues  are  carefully  removed,  even  to  the  extent,  when 
nece.ssarj',  of  complete  dissection  away  of  the  capsule  and  of  the  whole 
of  the  patella.     After  arresting  the  hemorrhage  and  applying  copious 
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irrigation  with  hot  water,  tlic  bones  arc  placed  together,  the  jnt^u- 
ments  closed  by  a  few  sutures,  and  the  wound  enveloped  in  sterilized 
gauze.  The  writer  has  always  used  Thomas's  splint,  with  which  the 
desired  fixation  can  be  attained,  A  long,  wide,  hollow  splint  of  sheet 
iron,  ntoderaiely  padded  and  enclosed  in  mackintosh  water-proofing, 
is  laid  behintl  the  limb,  from  the  top  of  the  thigli  to  tht  middle 
of  the  calf,  slunjj  to  the  bars  of  ihe  Thomas's  splint.  The  fool  is 
enclosed  in  sterilized  gauze,  covered  with  plenty  of  cotton  wadding 
folded  round  it  in  long  strips,  and  bandaged  firmly  to  the  bars  of 
the  splint  in  an  easy  but  ininiovabie  position.  The  skin  and  calf  are 
envel<>])ctl  in  similar  material,  soft  and  thick,  and  bandaged  perma- 
nently to  the  splint.  For  several  inches  above  and  below  the  wound 
are  placed  dressings  of  gauze,  which  can  be  slipped  away  and  freshly 
interposed  a  day  or  two  after  operation,  and  occasionally  afterward, 
without  disturbing  the  general  arrangement  of  the  splint  or  the  qui- 
escent attitude  of  the  limb.  Above  and  below  the  wound-dressings, 
between  the  posterior  waterproof  splint  and  the  limb,  is  placed  some 
wnnl  sheeting,  so  that  all  may  be  comfortable  and  free  from  damp, 
or  in  a  position  to  dry  readily  by  evaporation.  When  the  conditions 
are  favorable,  good  heating  of  soft  parts  and  firm  union  of  bone 
quickly  occur.  Sometimes  a  stitch-abscess  or  even  a  tubercular 
granulation  or  abscess  may  form,  without  detriment  or  serious  delay, 
and  can,  if  necessary,  be  dealt  with  by  a  minor  excision  or  scraping. 
But  the  rule  is  quick  recover^',  very  like  what  occurs  in  a  well-con- 
ducted aseptic  compound  fracture,  with  even  no  more  disturbance  than 
occurs  in  simple  fracture.  In  emaciated  adults  having  profuse  sup- 
puration or  septic  sinuses  connecteil  with  the  knee-joint,  it  is  com- 
monly safer  to  resort  to  amputation.  Kven  here  amputation  should  not 
always  be  done,  and  the  writer  has  succeeded  with  excision  when  the 
risk  of  failure  or  even  death  was  encountered.  In  such  cases  months 
instead  of  weeks  m;iy  be  required  fcir  the  necessary  healing,  and  the 
expected  risk  should  niit  i>ften  he  faced  except  at  the  urgent  request 
of  the  patient,  and  with  a  reasonable  expectation  of  success. 

The  object  of  excision  is  to  get  rid  of  the  tubercular  or  other 
inflammaton,'  process ;  and  as  this  cannot  be  done  while  retaining  the 
surfaces  and  movements  of  the  joint,  some  bone  has  to  be  removed, 
even  if  not  actually  diseased,  in  order  to  bring  about  the  most  favor- 
able and  durahle  ankylosis.  Even  wlien  the  hoiif-suriaccs  are  involved, 
it  is  only  sirperficially,  as  a  rule,  and  no  more  than  a  thin  slice  has 
usually  to  be  removed,  Kxcision  is  also  required  sometimes  in  order 
to  straighten  a  limb  ankylo.scd  in  the  flexed  position,  although  oste- 
otomy is  usually  possible,  with  good  results. 

DISEASES  OF  THE  ANKLE-JOINT. 

Synovitis  may  occur  from  a  simple  sprain,  and  in  milder  cases,  if 
treated  inniiediatety  by  strapping  and  bandage  as  employed  by  Pagan 
Lowe  of  Hath,  will  recover  more  or  less  quickly,  under  certain  condi- 
tions, without  confiiicnicnt  to  bed.  In  severe  cases  more  complete  rest 
in  plaster,  usually  in  t>ed  as  well,  is  necessary  to  speedy  rej>air  A 
neglected  sprain  of  the  ankle  may  be  a  most  tedious  affair,  and  in 
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delicate  persons  may  go  on  to  tubercular  arthritis,  suppuration,  and 
fatal  phthisis,  or  in  other  cases  to  destruction  of  the  joint  and  the 
necessity  of  amputation. 

Certain  cases  of  acute  or  subacute  arthritis  of  the  ankle  are  of 
gonorrheal  origin,  and  are  remedied  by  early  fixation  in  a  suitable 
splint. 

Tuberculosis  of  the  ankle  is  usually  primary,  and,  save  in  the  case 
of  the  OS  calcis,  the  process  rapidly  involves  the  whole  tarsus.  Early 
tubercular  arthritis  of  the  ankle,  without  suppuration,  may  be  fittingly 
treated  by  Thomas's  skeleton  splint  of  iron  rod  reaching  up  to  the  calf, 
or  by  a  plaster-of-Paris  bandage.  The  addition  of  Thomas's  knee-splint, 
for  progression,  is  an  invaluable  help.  The  writer  has  no  experience  of 
excision  of  the  ankle-joint,  having  treated  advanced  cases  by  amputation, 
either  above  or  at  the  articulation.  The  operation  of  excision  should, 
however,  be  considered,  and,  especially  in  children,  has  given  good  func- 
tional results.  The  time  required  for  after-treatment  is  long,  and  in  chil- 
dren it  is  more  often  justifiable  to  undertake  a  long  course  of  treatment 
than  in  adults.  Enough  good  results  from  excision  in  children  have  been 
reported  to  make  the  operation  distinctly  worth  while  in  suitable  cases. 
In  adults  amputation  should  be  the  usual  resort  in  advanced  tubercular 
disease  of  the  ankle-joint.  In  differential  diagnosis  arthritis  deformans, 
flat-foot,  and  the  other  static  disorders  are  especially  to  be  considered. 

DISEASES  OF  THE  SHOULDER-JOINT. 

Disease  of  the  shoulder-joint  seldom  takes  the  form  of  synovitis. 
Whether  it  be  that  the  joint  is  not  ordinarily  capable  of  much  disten- 
tion (it  has  been  supposed  that  the  capsule  easily  gives  way  where  the 
biceps  tendon  traverses  it,  and  lets  fluid  escape  into  the  surrounding 
tissues),  or  whatever  be  the  explanation,  inflammation  of  the  shoulder 
is  hardly  ever  attended  by  fluid  distention. 

Sprain  of  the  Shotllder. — Puffy  edema  in  sprain  or  arthritis  of 
the  shoulder  may  easily  occur,  and  is  not  to  be  mistaken  for  synovial 
effusion.  In  the  examination  of  an  injured  shoulder  or  upper  arm  it 
is  often  advantageous  to  examine  in  narcosis ;  if  this  is  not  done,  it 
is  of  great  practical  assistance  to  the  surgeon  and  a  comfort  to  the 
patient,  after  stripping,  to  flex  the  elbow  and  sling  the  wrist  to  the 
neck,  for  which  purpose  a  folded  handkerchief  or  other  triangular 
bandage  is  the  most  handy.  The  weight  of  the  forearm  is  thus 
transferred  to  the  neck,  and  taken  off"  the  upper  arm  and  shoulder, 
which  latter  parts  are  then  most  easily  and  painlessly  examined. 
With  one  hand  on  the  shoulder  and  the  other  holding  the  elbow, 
gentle  movement  can  be  made  to  distinguish  between  fracture  of 
the  clavicle  or  upper  end  of  the  humerus  and  sprained  shoulder. 
In  the  latter  affection  creaking  of  the  capsule  may  give  a  sensa- 
tion something  like  crepitus.  In  the  t.'catment  of  sprained  shoulder 
the  position  just  described  for  the  examination  is  continued  till  the 
part  is  well,  the  wrist  being  slung  to  the  neck  at  a  convenient  height 
and  the  arm  strictly  confined  to  the  body  by  a  wide  bandage  around 
both  arm  and  body,  immediately  above  the  elbow.  This  prevents 
movement  in  the  shoulder-joint,  which  must  further  be  protected  from 
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pressure  by  keeping  the  patient  from  lying  on  it  when  in  bed.  A  few 
strips  of  plaster  may  be  laid  on  the  shoulder,  in  the  event  of  great  ten- 
derness, both  horizontally  and  vertically.  This  will  fix  the  skin  and 
help  to  secure  comfort  and  rest.  There  is  no  need  of  any  splint  or 
casing  of  leather,  gutta-percha,  or  mill-board,  as  all  the  neccssarj"  pro* 
taction  can  be  quickly  applied  in  the  form  of  many  strips  of  plaster. 
If  these  be  made  of  brown  paper  rendered  adhesive  by  a  solution  of 
pitch  in  bcnzotin,  the  skin  is  kept  aseptic  and  free  from  much  itching. 
To  cool  the  shoulder,  moreover,  the  paper  plaster  may  be  moistened 
after  application,  with  grateful  cflect.  In  chronic  inflammation  of  the 
shoulder-joint  there  is  more  or  less  tenderness,  but  especially  stiffness, 
recognizable  from  behind  on  passive  abduction  of  the  elbow  while  the 
wrist  is  slung  to  the  neck.  In  proportion  to  the  stiffness,  the  scapula 
moves  with  the  upper  limb  in  abduction;  but  during  the  progress 
to  recovery  the  amount  of  this  stiffness  gradually  diminishes.  In 
neglected  or  obstinate  cases  the  fiexed  and  slung  limb  has  to  be  tied 
up  against  the  trunk  for  months,  but  may  often  be  got  well  with  per- 
severance. 

Arthritis  of  the  shoulder  in  cases  of  tubercle  or  osteomyelitis  is 
frequently  attended  with  abscess,  which  may  burst  and  leave  sinuses, 
commonly  opening  before  or  behind  the  surgical  neck  of  the  humerus. 
Operation  in  these  cases  should  be  strictly  hmltcd  to  the  necessities  of 
the  case.  After  incision,  necrosed  or  carious  bone  can  be  dealt  with 
in  osteomyelitis  by  removal  of  sequestra  or  gouging  of  surface,  with- 
out interfering  with  the  articulation  in  every  case.  Such  cases  may  at 
first  be  easily  mistaken  for  tubercle,  and  they  sometimes  cause  surprise 
at  their  quick  and  easy  recovery.  But  whether  in  osteomyelitis  or 
tubercle,  if  septic  sinuses  communicate  with  the  joint,  and  the  artic- 
ular surfaces  of  the  bones  be  eroded,  it  is  best  to  turn  out  the 
head  of  the  humerus  and  remove  it  by  excision.  A  vertical  incision 
on  the  front  of  the  joint  is  the  best;  but  the  position  of  sinuses  may 
dictate  a  different  direction  in  which  to  open  the  joint,  such  as  the 
older-fashioned  deltoid  flap  raised  up  from  below,  or  some  other  that 
the  exigencies  of  the  case  may  suggest  During  the  healing  of  the 
wound  the  limb  should  be  slung  as  above  described.  Tliis  device,  in 
cases  not  requiring  operation,  was  practised  by  the  late  H.  O.  Thomas. 

In  acute  rheutnatistn,  transitory  inflammation  and  pain  in  the 
shoulder-joint  occur,  but  the  recumbent  position,  without  appliance, 
is  commonly  sufficient  for  the  needs  of  this  particular  joint. 

DISEASES  OF  THE  ELBOV-JOSNT. 

Sprain. — The  elbow-joint  is  frequently  sprained  by  falling  and 
otherwise.  The  result  is  pain,  heat,  swelling,  and  disablement,  the 
characteristic  symptoms  of  inflammation.  Synovial  effusion  may 
sometimes  occur,  and  the  writer  has  seen  it  in  chronic  inflamma- 
tion. The  moment  an  elbow  becomes  acutely  inflamed,  the  pain  ham- 
pers the  movement  and  seriously  incommodes  the  patient.  If  laid 
in  bed  on  a  pillow,  the  painful  limb  is  disturbed  at  each  change  of 
position.  If  conventional  routine  treatment  be  adopted  and  fomenta- 
tions applied,  without  the  simple  precaution  of  fixing  the  limb  in  an 


746  INTERNATIONAL    TEXTBOOK  OF  SURGERY. 

immovable  easy  position,  days  may  be  spent  in  "  taking  down  the 
swelling,"  as  this  process  is  called.  The  best  plan  is  to  strip  the  patient 
to  the  waist  and  sling  the  arm  to  the  side,  with  the  wrist  firmly  and 
comfortably  attached  to  the  neck  by  a  soft  folded  handkerchief  or  other 
form  of  triangular  bandage.  If  attended  to  immediately  after  injury,  a 
rectangular  position  or  flexion  to  a  smaller  angle  may  be  found  a  speedy 
relief;  and  ifthere  is  no  fracture,  all  that  is  required  is  to  continue  this  atti- 
tude without  change,  applying  the  clothing  as  may  be  most  convenient 
over  the  limb  thus  fixed  to  the  body.  If,  in  addition,  fomentations  be  ap- 
plied, well  and  good  ;  but  if  the  limb  has  been  hanging  straight  or  at  an 
obtuse  angle  for  many  hours,  the  attainment  of  the  flexed  position  will 
be  painful  at  first.  It  can  usually,  however,  be  sufficiently  bent,  by 
gradual  and  gentle  manipulation  for  a  few  minutes,  to  attach  the  wrist 
to  the  neck  and  keep  the  limb  against  the  trunk.  This  secures  a  posi- 
tion of  rest  which  can  be  maintained  at  a  right  angle  or  lesser  angle 
pending  recovery.  No  splint  is  required,  nor  would  a  splint  be  capable 
of  attaining  anything  like  the  accuracy  and  comfort  of  the  mere  sling. 

In  the  progress  to  recovery  the  arm  at  first  continues  disabled,  and 
when  freed  from  the  sling  tends  to  drop  helplessly  unless  supported 
by  the  other  limb  or  by  another  person.  By  degrees,  however,  the 
elbow  can  be  held  unsupported  at  the  angle  at  which  it  has  been  slung, 
and  eventually  it  can  be  flexed  to  less  than  a  right  angle.  This  is  a 
test  of  approaching  fitness  for  use. 

Arthritis. — An  ordinary  sprain  may  develop  into  a  subacute  or 
chronic  arthritis,  especially  in  tubercular  persons,  if  left  to  itself,  or  to  the 
comparatively  perfunctory  assistance  of  fomentations,  without  mechanical 
help.  Such  arthritis  may  recover  completely  after  due  employment  of 
rest  in  the  slung  flexed  position ;  but  in  tubercle  a  pulpy  condition  of 
the  capsule  may  result,  with  or  without  masses  of  granulations  or  ab- 
scess. A  condition  of  "white  swelling"  of  the  elbow,  with  emaciation 
of  the  limb  above  and  below,  is  typical  of  the  advanced  tuber- 
cular change,  and,  save  in  young  children,  there  is  no  advantageous 
treatment  for  this,  short  of  excision.  A  linear  incision  behind  the 
joint,  with  dissection  of  the  soft  parts  of  the  bones  right  and  left,  care 
being  taken  to  keep  close  to  the  inner  condyle,  and  to  lift  off  the 
ulnar  nerve  intact  with  the  other  soft  parts  after  separation  of  the  liga- 
ments, leads  to  exposure  of  the  articular  ends  of  the  bones,  which  can 
now  be  sawn  off  beyond  the  cartilages.  All  tubercular  soft  parts 
should  be  carefully  dissected  away,  or  scraped  with  a  sharp  spoon, 
wliichever  more  effectually  answers  the  purpose  at  each  locality.  The 
term  "  arthrectomy  "  is  sometimes  applied  to  this  part  of  the  process; 
but  the  object  desired  is  not  necessarily  removal  of  all  the  articular 
structures  so  much  as  the  removal  of  all  tissues  visibly  affected  by  the 
tubercular  process.  Caseous  and  granulation  masses  can  be  easily 
scraped  away  with  the  sharp  spoon,  but  capsular  and  other  fibrous  tis- 
sues containing  miliary  tubercles  require  dissection.  After  arresting 
the  hemorrhage  and  irrigating  well  with  hot  water,  a  few  sutures  are 
put  in.  and  the  limb  placed  in  a  proper  position  to  receive  the  dressings. 
The  writer  always  ties  the  wrist  to  the  neck  with  a  triangular  bandage, 
the  elbow,  however,  being  flexed  at  a  right  angle,  or  even  a  smaller 
angle,  in  which  position  the  part  is  enveloped  in   carbolized  cyanide 
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gauze  bandaged  on.  The  effect  of  this  position  is  to  keep  the  limb  in 
contact  with  the  trunk.  Wherever  the  body  goes,  the  limb  goes  with 
it.  and  the  comfort  of  the  p;ttirnt  is  promoted ;  or  in  other  words,  niiy 
discomfort  attending  the  operation  is  reduced  to  a  minimum.  The 
writer  is  opposed  to  the  use  of  a  spHnt,  or  to  laying  the  limb  on  a 
pillow  "  at  an  obtuse  angle  "  after  excision  of  the  elbow.  By  slinging 
the  wrist  to  the  neck  and  the  ami  to  the  side,  the  pain  and  tenderness 
resulting  from  the  wound  are  quickly  got  rid  of.  and  the  patient 
enabled  to  get  up  in  a  much  shorter  lime  than  would  otherwise  be  the 
case.  The  number  of  days  or  hours  of  confinement  to  bed  varies 
with  each  case,  but  the  writer  has  had  patients  able  to  be  up  and 
about  the  day  after  excision,  though  commonly  a  day  or  two  more 
elapses  before  this  event.  There  seems  to  be  no  need  to  submit  the 
patient  to  "passive  movement"  of  the  excised  clbnw.  It  is  sufficient 
at  first  to  keep  the  wound  at  rest  for  healing  purposes.  But  the  po.si- 
lion  of  the  limb  may  be  slightly  changed  after  a  week  or  two.  -nltema- 
ting  between  a  riglu  anylc  and  a  more  acute  angle.  In  the  opinion  of 
the  writer,  it  is  quite  lime  enough  lo  accustom  the  elbow  to  slight 
changes  of  position  when  the  healing  is  either  completed  or  well 
advanced.  Primary  union  may  occur  throughout  if  the  circumstances 
are  favorable,  or,  as  a  rule,  in  the  greater  pari  of  the  wound  at  least; 
but  if  not,  each  event  will  be  dealt  with  as  its  circumstance.s  require. 
After  healing,  fresh  tubercle  may  develop  here  or  there,  and  must  be 
cut  out  if  manifested.  No  case  should  be  dismissed  or  lost  sight  of 
until  completely  healeil ;  and  any  delay  in  the  healing  should  be 
promptly  ircated  by  exploration,  excision,  scraping,  or  other  antiseptic 
management. 

Excision  may  be  required  for  septic  arthritis  with  sinuses  following 
injury,  for  ankylosis,  or  for  bad  union  or  non-union  of  fractures  at  or 
near  the  elbow-joinl.  In  some  cases,  especially  where  the  surface  is 
unbroken,  opportunity  arises  for  modifying  the  details  of  operation  in 
the  interest  of  the  ]Kitient  and  to  the  mechanical  advantage  of  the  limb. 
Such  a  case  occurred  lo  the  writer  in  July,  1897,  in  which  a  stiff  ex- 
tended elbow  following  a  fracture  of  the  outer  condyle  of  the  humerus 
into  tlie  joint  was  submitted  to  excision.  The  broken  and  ununited 
outer  condyle  was  cut  away  with  the  knife,  a  thin  slice  only  being 
removed  from  the  head  of  the  radius,  so  as  to  retain  the  orbicular  liga- 
ment;  the  ulna,  after  rcnmval  «if  the  olecranon,  articulated  opportunely 
with  the  broken  outer  sitle  nf  the  inner  condyle,  where  it  found  good 
support ;  a  strong  and  greatly  thickened  anterior  ligament  of  the  joint 
formed  a  bond  of  union  which  was  gladly  left  alone,  and  the  result  was 
admirable  mobility  and  strength  of  elbow  after  a  very  quick  healing. 
The  |Kttient.  a  member  of  the  civil  service  who  had  come  home  from 
India  for  treatment,  went  away  A'^:i\n  well  able  to  ride  and  drive,  to 
convey  foo<i  to  his  mouth,  and,  in  fact,  to  perform  all  necessary'  acts 
with  a  limb  previously  quite  useless  to  him.  Me  visited  the  writer  early 
in  Januar>',  1901.  and  on  the  25th  confirmed  the  result  before  the 
Clinical  Society  of  I^ndon. 

The  object  of  surgery  is  to  procure,  if  possible,  a  moveable  elbow ; 
but  too  much  should  not  be  sacrificed  to  this  end.  Ankylosis  at  a 
right  angle,  firm  and  strong,  though  usually  a  less  desirable  result  than 
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flexibility,  is  not  necessarily  to  be  despised,  especially  if  the  latter  result 
be  attended  with  very  feeble  power  or,  what  is  worse,  an  uncontrollable 
"  flail."  The  writer  had  once  for  a  patient  a  joiner  in  whom  the  right 
elbow  was  firmly  ankylosed  at  a  right  angle.  The  man  could  use  a  saw 
to  his  own  satisfaction,  and  was  quite  content  with  the  result — in  fact, 
did  not  desire  operation  to  procure  mobility,  which  might  easily  have 
been  attended  with  an  enfeebled  limb. 

In  acute  rhetunatism  the  elbows,  when  affected  consecutively,  as 
usually  happens,  are  sufliciently  protected  in  the  ordinary  attitude,  as 
the  arms  lie  on  the  bed  and  the  forearms  on  the  trunk.  No  inter- 
ference is  commonly  required,  and  the  inflammation  generally  dis- 
appears in  a  few  days. 

It  will  be  noticed  from  what  has  been  said  that  the  mechanical 
treatment  of  the  shoulder  and  elbow  differs  from  that  adopted  in  other 
joints.  In  the  hip  and  knee,  fixation  and  mechanical  rest  are  obtained 
by  splint,  in  a  straight  line.  The  same  will  be  found  to  apply  to  the 
wrist.  In  the  elbow,  the  limb  is  folded  against  the  trunk  and  slung 
there  in  the  flexed  position  of  the  joint.  In  the  shoulder,  the  same 
attitude  is  used,  and,  in  addition,  the  elbow  is  confined  to  the  side,  to 
prevent  movement  in  the  shoulder-joint. 

DISEASES  OF  THE  VRIST. 

The  wrist-joint  is  liable  to  inflammation  owing  to  sprains,  some  of 
which  are  attended  by  swelling  of  the  tendon-sheaths  around  the 
radius,  more  or  less  resembling  cases  of  Colles'  fracture,  such  as  some- 
times occur  with  very  slight  deformity. 

Acute  lUietunatisni. — Inflammation  of  the  wrist-joint  is  a  com- 
mon feature  in  acute  rheumatism,  and  a  source  of  great  annoyance  to 
the  patient  while  it  lasts.  The  usually  transitory  character  of  acute 
rheumatic  arthritis,  and  the  fact  that  the  other  joints  are  prettj*  well  at 
rest  as  the  patient  lies  in  bed,  have  caused  the  affection  of  the  wrists, 
during  the  few  days  that  it  lasts,  to  be  not  quite  sufficiently  noticed. 
The  late  Professor  John  Marshall  drew  the  attention  of  the  writer  to 
the  great  comfort  afforded  to  a  member  of  his  own  family  during  rheu- 
matic fever  by  promptly  supporting  the  wrists  in  suitable  splints  as 
they  became  in  turn  affected — a  practice  that  the  writer  has  since 
repeatedly  followed.  The  wrists  are  practically  the  only  joints  that 
require  surgical  treatment  in  acute  rheumatism,  and  the  contrast 
between  the  comfort  thus  attained  and  the  painful  helplessness  of  those 
left  alone  or  submitted  to  loose  applications  of  cotton-wool  or  the 
equally  useless  "  fomentations  "  is  too  evident,  when  witnessed,  to  need 
more  than  mere  mention. 

Gonorrheal  rheumatism  of  the  wrist,  like  gonorrheal  rheuma- 
tism of  other  joints,  would  appear  to  vary  according  to  individual 
patients  and  experiences.  In  the  experience  of  the  writer,  this  affection, 
wherever  found,  has  been  usually  mild  and  eminently  amenable  to 
mechanical  treatment,  except  in  a  single  case  of  unusual  severity  affect- 
ing the  knees  and  ankles. 

Tubercular  inflammation  of  the  wrist  is  an  affection  of  very 
varying  extent  and  severity.     It  often  begins  insidiously  and  quietly, 
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producing  so  itttic  inronveiiiencc  that  serious  destruction  may  occur 
before  treatment,  which  might  earlier  liavc  been  curative,  is  ever  asked 
for.  There  is  every  degree  between  a  slight  arthritis  and  pufiy  excres- 
cences of  granulation  and  cjiseous  tissue  pouching  out  the  joint  at 
various  points.  When  abscess  fc>rms  and  bursts  spontaneously,  a' 
sinus  is  left,  hi  middle  hfe  such  a  complication  requires  amputation 
of  the  forearm  (l'"ig.  3f>6).     Abscess  of  the  wrist-joint  treated  with  an 


Fig.  3A6. — Senile  tubercle  of  ihc  wmi  treated  by  impui3iicn.    I'ufFjr  swelling  and  tlaasw. 

unbroken  surface  may  be  opened  antiscptically,  and  may  heal  without 
any  further  suppuration  at  any  age.  In  childhood  and  youth  much 
may  be  done  in  the  conservative  nianagenient  of  tubercular  inflamma- 
tion of  the  wrist  with  splints  and  antiseptic  incisions,  with  or  without 
removal  of  bane  where  disea.sed. 

The  mechanical  treatment  of  the  wrist  should  be  promptly 
and  thoroughly  attended  to  in  all  ca.ses  requiring  it.  Well-fitting 
splintit  of  wood  or  sheet  metal,  hollowed  for  better  adaptation  to  the 
limb,  and  suitably  padded,  reaching  from  the  tips  of  the  fingers  to  a 
pciint  above  the  middle  of  tlic  forearm,  can  be  used  for  this  purpose 
both  clTectiially  and  neatly  when  not  bulky.  But  a  most  convenient 
splint  can  be  improvised  out  of  folded  newspaper  in  many  layers,  in 
tlie  form  of  a  trough  wide  enough  to  encircle  the  limb,  enclosing  the 
hand,  wrist,  and  forearm,  excluding  the  thumb,  and  bandaged  firmly 
to  the  limb  without  any  kind  of  padding.  For  severely  sprained 
wrist  the  early  application  of  such  a  splint  is  promptly  attended  by 
relief  of  all  symptoms.  Of  course,  to  be  efTicicnt.  the  paper  spHnl 
must  be  firm  enough  to  rigidly  prevent  all  movement  of  the  wrist. 
The  apparatus  \%  left  on  till  recovery  is  complete,  and  a  single  appli- 
cation may  suffice  in  many  instances.  Perspiration  escapes  through 
the  paper,  which  also  lies  smoothly  and  comfortably  in  contact  with 
the  skin.  In  the  event  of  excoriation,  or.  in  fact,  at  any  time,  the  limb 
may  be  covered  with  a  few  layers  of  antiseptic  gauze,  which  will  suffice 
to  preserve  the  surface  of  the  skin  anel  to  render  unnecessary  the  sub- 
sequent inspection  of  trifling  breaches  of  surface.  The  .same  kind  of 
splint  xnll  do  for  arthritis  of  the  wrist  unattended  wth  sinus,  abscess, 
or  wound.  In  the  event  of  abscess,  the  limb  may  be  attached  to  a 
single  splint  of  wood  or  sheet  metal,  after  o]K*ning,  scraping,  washing. 
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and  dressing  with  cyanide  gauze.  The  dressings  may  be  so  arranged 
as  to  be  changed  without  disturbing  the  splint.  After  heating,  a  good 
splint  can  be  readily  constructed  by  bandaging  on  a  piece  of  sole- 
leather  softened  in  water,  in  the  form  of  a  long  gauntlet  closely  fitting 
*  the  limb,  its  open  side  lying  along  its  radial  edge,  leaving  out  the 
thumb.  When  the  gauntlet  is  dry,  it  can  be  removed,  trimmed  with 
a  knife,  perforated  with  a  few  holes,  and  re-applied  with  a  lace  to  hold 
it  close.  In  certain  tubercular  cases  perfect  healing  of  the  abscess 
may  be  thus  attained  by  attention  to  antiseptic  principles ;  but  there 
may  sometimes  result  inevitable  stiffness,  due  to  ankylosis  in  the 
wrist  or  radio-ulnar  joint.  Such  cases  present  great  varieties  of  con- 
dition and  incident,  but  often  will  repay  careful  efforts  to  save  them. 
There  is  no  use  temporizing,  however,  in  cases  of  sinus  in  middle 
life.  Prompt  amputation  is  the  most  judicious  treatment,  as  experi- 
ence has  amply  shown.  In  children  and  young  adults  operations 
of  a  "cheese-paring"  description  may  profitably  be  undertaken,  inflam- 
matory exudation,  diseased  bone,  and  other  products  of  tubercular 
disease  being  excised  by  such  means  as  the  necessities  of  the  case  and 
the  ingenuity  of  the  surgeon  suggest.  Formal  excision  of  the  whole 
joint  is  seldom  called  for,  even  by  the  excellent  method  devised  long 
ago  by  Professor  Lister.  The  writer  has  succeeded  admirably  in  a  few 
cases  by  adopting  the  "partial"  method  of  extirpating  the  local  disease, 
subsequently  preferred  by  Lister  himself  to  his  earlier  practice. 


CHAPTER   XXII. 

CONGENITAL  DISLOCATION  OF  THE  HIP;  FLAT-FOOT j 

CLUB-FOOT. 

CXJNGENITAL  DISLOCATION  OF  THE  HIP. 

Congenital  dislocation  of  the  hip  is  a  dislocation  of  the  head  of 
ihtr  ftriniir  ■•cciirring  in   uterine  life. 

Etiology. — The  etiology  is  not  known,  but  it  is  certain  that  the 
dislocation  occurs  in  uterine  life  Girls  are  much  ircrc  contnionly 
subject  to  this  alicctiun  than  boys.  An  explanation  has  been  o fie retl,  with 
S01I1C  plausibiUty,  that  under  certain  conditions  an  exaggerated  lordosis 
is  developed  in  fetal  life,  owin^j  to  an  anomaly  of  the  position  of  the  fetal 
liver.  This  predisjxjscs  toward  a  dislocation  of  the  head  of  the  femur 
from  uterine  pressure.  As  sexual  difference  in  the  shape  of  the  pcl\is 
is  .seen  as  caily  as  the  f<iurth  or  fifth  month  in  fetal  life,  girls  would  be 
more  predisposed  than  boys. 

Pathological  Anatomy. — Changes  In  th«  Capsule. — Th«««  an  ihe  inostiapor> 

tiLiiC  |iath'jl'>^icul  chaiigt:*.  ^mi  ihcv  ate  ni  ^ruilual  (Ic'vt:lu|>inriiC.  I^icrc  a  no  tm^Auk  of  ihe 
cap^ult;,  a»  in  n  irauniBtic  dislocation,  but  it  is  ntleri'cL  Ity  being  MteU;hctl  by  (he  head  o(  the 
bone,  ii  f(>rce<t  upward,  and  H  (hickenc<]  and  tirengtbcned  u  live  vreight  of  the  child 
iocmsci.  The  *hape  of  the  capsule  becomes  aliered  from  that  of  on  irre^^ular  globe  cnn- 
necting  the  kcrt«t>ulufn  And  femut,  and  car  be  likened  to  a  purse-bag  glued  To  the  bone,  the 
lower  portioa  covering  tfae  acetabulum,  the  free  poniuii  eiiclDiiatg  the  fetnural  head,  and  the 
purte  neck  bring  ihe  cun.Hiricied  part  where  the  hz-ad  of  the  rcmurlefl  ihe  acclabuliim,  Mrcrch- 
ing  the  adhctcnt  cap»ule  with  iL  What  may  be  termed  the  neck  af  the  ca^le  becomca 
allarhed  on  il»  iliac  surfare  to  ibe  ilium,  uml  thin  aiturhinent  may  he  unusually  linn  ;  that  cov- 
eriitg  the  Acetabulum  beiome*  ahem),  mil  wi'th  the  chun^es  ut  the  synovial  membrane  and 
strelc'b«l  toiyl'fid  liparoent  resembles  firm  filiioui  li^ue,  filling  a\  well  a*  coverin);  the  mckei, 
to  that  the  r.iviiy  may  he  i-ilhlifemr«l       l*n«inn%  of  the  cap*ulc  may  be  much  thickened. 

AlteiraUons  In  the  Muscles. — Hie  chao^ea  ■»  tlie  length  and  direcljon  of  intucles 
between  the  pelvis  and  femur  vary  ni-cnrding  to  the  altered  poMlion  of  the*c  bonex.  Thew 
atterstioni  oner  Icm  rc-^iKtance  tu  reduction  Itiao  lhu>e  uf  the  capiule,  but  they  may  be  an 
importani  factor  in  causing  a  relapse  and  in  rcMsting  complete  correction.  The  pelvifemoral 
muclea  are  especially  to  be  con'sidcred — "it.,  the  adductor*,  the  tensor  »agitiic  femoh;'  and 
the  &9cia  lata,  the  reflected  head  of  the  rectus,  and  also  the  hamstring  tnuMiles,  tugethct 
with  the  ntoajk  and  iliacus.  Tho!>e  inserted  at  the  great  trochanter  are  not  ihoncned,  and 
msy  be  fenKihened, 

Alterations  in  the  Bones.— The  acetabulum  becomes  shallow  and  iriangtilnr.  and 
its  hyaline  caitilj^'r  i>  icjil.Lce'J  liy  hbruus  Ussuc,  except  at  the  rim.  The  formation  of  a 
new  fal«e  joint  wilit  u^icou*  socket  i*  not  wen  in  congenital  dlilncalion  in  children,  and  i* 
extremely  rare  in  adults.  Fjcmiently  the  ucck  of  the  femur  U  twiiited  and  its  angle  with 
the  shaft  diminished.     Tlic  head  may  be  ^tmall  and  piinted. 

Tlie  varieties  <>f  di<lural)on  are  haiknvirii,  i4fxt\ird,  and  /vt-anarj,  and  are  indicated  In 
general  I*)-  the  po'ition  of  the  leg  and  the  direction  of  the  foot. 

IMagBOsia.— The  diagnosis  of  this  affection  is  not  difficult  in  adult 
cases  or  in  large  children,  as  the  characteristic  peculiarities  in  gait  and 
attitude  are  easily  seen.  In  smaller  children  these  affections  must  be 
eliminated:  coxa  vara,  distortion  foiloitnng  in fantUe paralysis,  separation 
of  lh(  epiphysis,  dtfannity  following  early  arthritis  of  infancy,  traumatic 
iUslocations,  anil  the  tUformities  of  hip-disease. 

Til 
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In  all  these  affections  except  coxa  vara  there  should  be  a  history 
of  previous  injury  or  illness,  and  in  all  except  coxa  vara  and  infantile 
paralysis  the  freedom  of  motion  of  the  femur  seen  in  early  congenital 
dislocation  is  not  found.  In  coxa  vara  (rachitic  distortions  of  neck  of 
femur),  unlike  the  conditions  found  in  congenital  dislocation,  the  femur 
rotates  with  the  head  in  its  normal  socket  and  cannot  be  palpated. 
Coxa  vara  is  rare  before  five  years  of  age. 

Congenital  dislocation  is  characterized  by  marked  lordosis,  so  as  to 
be  frequently  mistaken  for  a  spinal  lesion.  Whether  the  dislocation 
be  unilateral  or  double,  the  gait  is  characteristic.  In  the  former 
instance  it  resembles  the  gait  on  the  free  side  of  an  organ-grinder 
carrying  a  barrel-organ ;  in  the  latter  instance  it  is  marked  by  a 
peculiar  side-to-side  movement.  The  gait  is  due  to  the  muscular  effort 
to  relieve  the  ligaments  of  tension  resulting  from  lack  of  bony  support 
Fluoroscopic  examination,  when  feasible,  is  conclusive  evidence  in 
diagnosis. 

Prognosis. — ^The  disability  caused  by  this  affection  in  childhood 
is  slight.  The  limp  is  noticeable,  and  in  double  congenital  dislocadon 
may  be  distressing.  As  the  patient  becomes  older  and  the  weight 
increases,  some  annoyance  may  be  caused  in  adolescence,  but  the 
disability  is  ordinarily  not  great  until  middle  life  or  old  age.  A  single 
dislocation  is  less  annoying.  An  increase  of  weight  or  overexertion 
may  cause  muscular  pain  and  spasms,  necessitating  the  temporary  use 
of  crutches,  particularly  in  feeble  subjects,  and  seriously  limiting 
activity. 

Treatment. — The  problem  to  be  solved  in  the  treatment  of  con- 
genital dislocations  of  the  hip  consists  in  replacing  the  head  of  the 
femur  into  the  acetabulum,  and  keeping  it  there,  so  that  the  weight  of 
the  trunk  is  transmitted  directly  to  the  femur.  The  most  important 
obstacle  to  reduction  lies  in  the  attachment  of  the  capsule,  displaced 
and  thickened,  to  the  ilium  above  and  around  the  front  of  the  acetab- 
ulum, and  to  the  anterior  surface  of  the  femur,  especially  to  the  lesser 
trochanter.  Of  more  or  less  importance  are  the  shortened  pelvifemoral 
muscles,  as  well  as  the  shape  of  the  head  and  the  shallowness  of  the 
acetabulum. 

The  methods  may  be  grouped  as : 

1.  Reduction  after  incision. 

2.  Reduction  by  forceful  manipulation. 

3.  Gradual  reduction  by  mechanical  appliances. 

Reduction  after  Incision. — The  first  successful  operative  method 
was  devised  by  Hoffa.  the  details  of  which  have  been  much  improved 
by  Lorcnz  and  by  himself  The  patient  is  to  be  placed  upon  the  back 
with  the  limb  abducted  and  rotated  outward.  The  incision  is  made  in 
a  line  drawn  from  in  front  of  the  anterior  superior  spine,  obliquely 
downward  and  forward,  crossing  the  femur  a  short  distance  below  the 
top  of  tlie  trochanter  (Fig.  367).  The  incision  should  be  along  the 
outer  edf^e  of  the  tensor  vaginae  femoris.  between  this  and  the  anterior 
border  of  the  gluteus  medius.  The  incision  should  pass  below  the  tro- 
chanter, and  should  cros-s  the  femur  slightly  above  the  level  of  the  tro- 
chanter minor.  The  tensor  vaginae  femoris  is  retracted,  and  the  fascia  lata 
divided  by  a  straight  incision,  and,  if  necessary,  by  an  additional  cross 
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incision.  The  gluteus  is  alsn  retracted,  and  beneath  the  tensor  muscle 
the  rectus  fcmoris  will  be  found,  with  the  reflected  tendon  passing  out- 
ward, to  be  inserted  upon  the  ilium  above  the  acetabulum.  If  the  mus- 
cular tissues  are  well  retracted,  the  capsular  ligament  will  he  uncovered 
and  can  be  split.     This  should  be  done  by  an  incision  in  the  direction 


PlO.  367- — l^ne  of  ikin-inciiion  for  opctstive 
reductioTi . 


Fiti.  36S — Operative  mluctlen.  second 
step. 


of  the  original  skin-inci-sion,  free  enough  to  expose  the  whole  head  and 
neck  as  far  as  the  trochanteric  line.  An  assistant  should  then  flex  the 
tliigh  to  a  right  angle  with  the  trunk,  and  the  attachments  of  the  cap- 


Fk.  369. — OpcrauTB  nMluction.  ihiril  step. 


Fiti.  370. — Opetstivc  reduction,  fourth  itrp. 


siile  to  the  neck  and  trochanteric  line,  including'  the  lesser  trochanter, 
should  be  freed,  both  on  the  anterior  and  the  posterior  surface  of  the 
neck,  to  such  an  extent  that  the  surgeon  can  pass  his  finger  completely 
around  the  neck.  The  head  can  then  be  thrown  out  and  the  liga- 
mentum  teres  divided,  if  present  The  head  of  the  femur  can  then  be 
pulled  aside,  and  a  clear  view  of  the  capsule  covering  a  portion  of  the 
acetabulum,  as  \vcll  as  the  acetabuhini  itself,  can  be  had.  A  curct  can 
then  be  introduced  to  deepen  the  acetabulum,  if  necessary-.*  It  is 
important  that  the  bony  edge  overhanging  the  acetabulum  should  pro- 
ject sufficiently  to  fumUh  a  firm  socket  after  the  head  is  reduced.  It 
is  sometimes  difficult,  if  the  tissues  are  imperfectly  divided,  to  find  the 

I  For  thi«  tiuqxnr  llicrc  ha^  bcvn  drviMid  by  Ltoyea  ■  camt  excellent  in»truiaeD(  which 
bom  ml  the  (ibrr>ii>i  tis&Dc  fmnt  ttie  aceiabulutn. 
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socket,  for  the  reason  that  a  portion  of  the  capsule  lies  flat  across  llic 
socket  and  is  adherent  to  the  edges,  the  surgeon  ftrcHng  only  the  u|>pcr 
edge  and  a  mass  of  connective  tissue.  This  connective  tissue  must  be 
divided  in  order  to  open  the  cavity. 

It  is  important  that  all  tense  hands  of  the  capsule  should  be  divided, 
and  that  no  portion  of  its  capsule  should  get  between  the  head  of  the 
femur  and  the  acetabulum.  The  femur  may  be  used  as  a  lever  to 
stretch  certain  undivided  portions  of  the  capsule. 

After  reduction,  the  redundant  capsule  can  be  stitched  and  the 
wound  closed  or  drained  according  to  the  judgment  of  the  surgeon. 
Results  show  that  drainage  is  of  especial  importance  on  account  of  the 
depth  of  the  cavity  and  the  danger  of  infection  from  urine  in  small 
children. 

Where  there  is  a  marked  twist  in  the  neck,  it  is  necessary,  in  order 
to  keep  the  head  in  place,  to  invert  the  foot  strongly.  Hefore  the  pa- 
tient walks  upon  the  foot,  an  osteotomy  of  the  shaft  of  the  femur  near 
the  neck  is  necessary;  otherwise  a  transposition  will  take  place  as  the 
patient  turns  the  foot  outward.  The  immediate  result  of  the  oi>eration 
is  good,  and  the  ultimate  results  arc  in  a  large  number  of  cases  excel- 
lent. Transposition  takes  place  in  a  certain  percentage  of  cases,  due, 
probably,  to  a  twist  in  the  head  of  the  neck  which  is  overlooked  and 
not  corrected.  Rigid  asepsis  is  essential.  Re-cstabli.shment  of  motion 
can  be  obtained  unless  the  operative  intervention  causes  an  ankylosis 
from  extensive  operative  injury  to  the  acetabulum  and  the  head  of  the 
femur. 

The  limb  is  maintained  in  a  flexed  and  strongly  abducted  po&iu'on 
by  means  of  a  plastcr-of-l'aris  spica  reaching  from  the  thorax  down  to 
the  foot.  Access  to  the  wound  is  obtained  by  means  of  a  window  cut 
in  the  plaster.  The  amount  of  ahcJuction  necessary  at  the  outset  ftill 
vary  with  tlie  tUfficulty  in  keeping  tlie  hone  in  the  socket;  the  Umb  is 
gradually  adducted  by  means  of  sulisequenl  bandages. 

Where  there  is  much  change  in  the  oblitjuity  of  the  neck  of  the 
femur,  there  results  from  the  operation  a  coxa  vara  which  must  be  cor- 
rected by  operation  or  must  be  outgrown.  It  is  manifest  that  the  bone 
will  grow  in  better  shape  when  in  the  socket  than  out,  and  where  the 
operation  is  done  in  young  children,  successful  results  can  be  expected 
in  skilful  hands.  The  period  when  operation  ts  advisable  is  between 
the  ages  of  three  and  eight  years.  Success  has  been  obtained  in  older 
cases,  and  less  marked  changes  in  the  head  of  the  femur  have  taken 
place.  The  results  in  double  ca.se.s  are  not  as  perfect  as  those  in  single, 
owing  to  the  difficulty  of  restoring  the  distorted  heads  and  necks  on 
both  sides  equally  in  distorted  acetabulum. 

Reduction  by  Forcible  Manipulation. — ^The  early  attempts  at  forci- 
ble rcjiosition  under  an  ane.sthetic  in  congenital  dislocation  of  the  hip 
were  not  successful.  Guided  by  his  knowledge  of  the  pathology-  of 
congenital  dislocations,  and  profiting  by  his  experience  in  reduction  after 
incisiion,  Lnrenz  has  devised  a  so-called  bloodless  method  for  the  treat- 
ment of  these  cases.  This  method  has  had  sufficient  trial  to  demon- 
strate its  efficacy  in  certain  adapted  cases. 

Reduction  by  forcible  manipulation  can  be  successful  only  if  the 
head  of  the  femur  can  be  made  to  dilate  and  pass  through  the  neck  of 


the  capsule  int<»  the  aceUibulum.  accompanied  by  the  freeing  and  stretch- 
ing of  adherent  and  shortt-ned  portion-;  of  the  capsule,  as  well  as  the 
lengthening  of  certain  muscles.  In  children  over  two  and  under  five 
years — in  some  Instances  between  five  and  seven  years — under  an  anes- 
thetic, forcible  reduction  can  be  successfully  used ;  but  in  some  in- 
stance-S  it  is  by  no  means  certain  in  bloodless  reduction  that  a  portion 
of  the  distorted  capsule  may  rot  be  folded  In  in  front  of  the  femur, 
making  a  relapse  probable. 

It  is  sometimes  advisable  as  a  preliminary  step  to  stretch  the  mus- 
cles, and  possibly  the  capsule.  ]*"or  tliis  purpose  the  child  is  placed 
upon  its  back  on  a  frame,  and  by  means  of  weights  and  pulleys  traction 
is  exerted  with  the  legs  abdiicteil  more  and  more  as  the  muscles  yield. 
A  counter-pull  can  be  made  by  cross-straps  pressing  down  upon  the 
top  of  the  trochanter.  This  can  be  done  without  cau.sing  the  patient 
great  discomfort,  and  a  position  of  forced  abduction  nearly  at  right 
angles  with  the  trunk  of  the  limb  can  be  gained  in  young  children  after 
a  short  time. 

After  this  preliminary  Ireatment  tlie  p;itient  should  be  anesthetized, 
and  then  considerable  force  should  be  exerted  by  the  hand,  by  means  of 


Fig.  371. — Mclhod  of  forcible  ilTeichlns  under  nncsihesia.  with  fordbk  abduction  anrl  hjrpcr- 

rxtrnwnn, 

apparatus  with  screw  or  windlass  attachments,  in  such  a  direction  as  to 
overcome  the  adhesions,  the  shortened  bands  of  capsule,  and  the  con- 
tracted muscles. 

The  child  is  placed  upon  its  back,  the  thigh  much  abducted,  and 
traction  everted  by  means  of  a  loop  of  yarn  placed  around  the  ankic 
or  a  padded  anklet,  and  attached  to  a  screw-force  fastened  to  Ihc  end 
of  the  table,  while  at  the  same  time  c»)unter-lraction  is  maintained  by 
means  of  a  long  sheet  of  folded  cloth  placed  beneath  the  perineum  on 
the  unaffected  side ;  or  a  windlass-traction  attachment  can  be  added  to 
the  well-known  Thomas  knee-spHnt.  The  force  is  transmitted  to  the 
leg  through  strips  of  adhesive  plaster  applied  along  and  across  the  leg 
and  thigh,  firmlj-  bandaged  to  the  limb,  and  counter-resistance  is  met 
by  the  padded  ring  at  the  upper  end  of  the  splint  pressing  against  the 
tuberosity  of  the  ischium  and  ramus  of  the  pubcs.  The  limb  is  to  be 
abducted  as  much  as  possible,  and  force  slowly  applied.  This  maneuver 
should  be  applied  in  various  directions,  stretching  the  adductor  muscles, 
tlie  flexors,  the  ham.strings  and  rectus  femoris,  and  the  capsule. 
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After  a  few  minutes  of  forced  mechanical  hyperabduction  with 
traction,  the  thigh  should  be  alternately  hyperextended,  abducted, 
rotated,  and  circumducted  in  order  to  loosen  all  portions  of  the  capsule. 
If  the  capsule  can  be  thus  sufficiently  stretched,  reduction  can  be 
affected  by  manipulation,  and  is  indicated  by  an  audible  movement  of 
the  head  of  the  femur  into  the  capsule ;  otherwise  an  incision  will  be 
necessary  in  order  to  reduce  the  dislocation.  Tendency  to  recurrence 
justifies  further  attempts  at  stretching,  which  may  be  aided  by  using 
the  femur  as  a  lever,  provided  the  head  can  be  engaged  in  the  acetab- 
ular lip. 

After  bloodless  reduction  the  limb  should  be  strongly  flexed  and 
abducted,  and  kept  in  this  position  by  means  of  a  plaster-of-Paris  spica. 
From  time  to  time  new  bandages  are  applied  until  the  leg  assumes  a 
normal  position.  A  splint  can  be  combined  with  massage  for  several 
months,  and  the  protective  appliances  gradually  removed. 

After  bloodless  reduction  the  patient  should  be  allowed  to  walk 
about  on  the  abducted  limb  to  exert  pressure  upon  the  acetabulum,  to 
press  through  a  fold  of  the  capsule,  if  any  remain. 

The  amount  of  time  required  for  after-treatment  varies,  of  course, 
with  the  condition  of  the  anatomic  changes.  Where  there  is  a  thick  fold 
of  capsule  between  the  head  and  the  acetabulum,  the  expectation  is  that 
the  head  of  the  femur  shall  force  its  way  through  this  capsule,  and  an 
indeterminate  amount  of  time  is  needed ;  but  in  cases  of  this  sort  opera- 
tion by  incision  is  probably  to  be  preferred.  Where  the  intercapsular  neck 
is  large  and  the  head  can  be  placed  well  into  the  acetabulum,  an  excel- 
lent result  can  be  expected ;  but  in  a  large  number  of  cases  relapses 
occur,  owing  to  the  defective  condition  of  the  capsule  and  to  the  shape 
of  the  head  of  the  femur. 

Neo-arthrosis  Operation. — Certain  cases  resist  all  attempts  at 
reducing  and  maintaining  the  head  of  the  femur  in  the  acetabulum. 
Hoffa  has  proposed  an  operation  for  these  cases,  on  the  ground  that 
nature  never  forms  a  true  new  joint.  In  this  operation  the  capsule  is 
incised  and  the  bone  curetted  and  deepened  to  form  a  socket.  The 
value  of  this  method  has  not  yet  been  thoroughly  demonstrated. 

Excision  of  the  head  of  the  femur  does  not  seem  to  be  a  proper  pro- 
cedure in  congenital  dislocation. 

Gradual  Reduction  by  Mechanical  Appliances. — Gradual  reduction 
by  mechanical  appliances  has  not  proved  itself  a  reliable  metliod  of 
treatment ;  neither  has  the  method  of  reduction  by  long-continued  bed- 
traction. 

TALIPES  VALGUS. 

The  position  of  the  normal  foot,  whether  at  rest  or  in  action,  is 
regulated  by  certain  physiological  conditions,  which,  when  exaggerated 
or  persistent,  may  give  rise  to  the  affection  known  as  flat-foot.  If  the 
leg  and  foot  hang  loosely  from  the  knee,  the  anterior  border  of  the 
tibia  can  be  projected  in  a  relatively  straight  line  to  the  space  between 
the  first  and  second  toes.  If  the  indi\idual  bears  his  weight  upon  the 
foot,  this  line  forms  an  obtuse  angle  near  the  internal  malleolus,  point- 
ing inward. 

This  anatomical  cliange  consists  of  a  twist  of  the  foot  at  the  medio- 
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tarsal  articulation,  and  also  a  sagging  downward  (or  plantar  flexion)  of 
the  head  uf  the  astragalus  and  the  os  calcls.  This  condilioii  is  cxaygcr- 
atcd  when  the  weight  is  borne  on  one  foot  alone,  as  tienionstratett  by 
foot-prints  on  smoked  paper.  The  hones  of  the  foot  are  arrnngcd  so 
as  to  form  a  transverse  and  two  longitudinal  arches  sustained  by  liga- 
ments when  the  foot  is  at  rest,  and  supported,  in  addition,  by  muscles 
when  in  action.  The  addition  of  weight  causes  a  slight  lengthening 
and  widening  of  the  foot,  of  little  impurtance  compared  with  twist  at 
the  mediotarsal  a:rticuIatioa.  The  import^uU  changes  take  place  in  the 
inrernal  longitudinal  apch. 

The  checks  to  the  mcdiotarsal  twist  arc  largely  the  tibialis  articus 
and  posticus  inusclus.  but  also  tlic  plantar  fascia  and  plantar  muscles,  as 
wel]  as  the  flexors  of  the  toes,  the  various  ligamentous  bands  which  pass 
from  the  OS  calcis  to  the  astragalus,  the  scaphoid  and  cuneiform  bones 
on  the  sole  of  the  foot,  and  tiie  strong  deltoid  ligament,  Wiiliin  certain 
limits  the  amount  of  change  varies  according  to  the  weiglit  of  the 
individual  in  relation  to  the  strength  of  his  muscles  and  ligaments. 
Deformity  alone  is  no  sign  of  suffering,  as  proved  by  athletes  accustomed 
to  bear  great  weights  ;  but  subjective  symptoms  arise  when  the  muscles 
weaken,  thereby  causing  the  Itganients  to  stretch.  Permanent  distor- 
tion follows  when  the  liganu*nts  are  lengthened,  and  in  octreme  cases 
the  relative  position  and  shajie  of  the  tarsal  bones  become  altered  so 
that  complete  inversion  is  no  longer  possible. 

Btiology. — Anything  which  weakens  the  muscles  and  hgamcnts 
of  the  foot  or  disproportionately  increases  the  weight  to  be  overcome 
predisposes  to  the  development  of  flat-foot.  Furthermore,  im|>erfect 
shoeing  puts  the  foot  at  a  mechanical  disadvantage.  The  commonest 
faults  of  shoeing  are  [Miinteil  Ines,  high  heels,  shnrl  shoes,  or  shoes 
arniiii^ril  sn  tli.it  llir  tins  MTc  rrc>\i(li-(!. 

Symptoms  and  Diagnosis. — Flat-foot  gives  rise  to  but  few  symp- 
toms beyond  the  deformity,  the  peculiarity  of  gait,  and  fatigue  and  pain 
in  locomotion;  but  this  chronic  condition  is  interrupted  at  times  by  a 
muscular  or  ligamentous  strain  which  causes  an  exaggeration  of  the 
peculiarity  in  gait,  and  may  give  rise  to  a  limp,  |>ain  and  a  pufiiness  of 
the  dorsum  of  the  foot,  and  tonic  sjiasms  of  the  extensor  muscles  of 
the  foot  The  deformity  of  well-marked  cases  is  characteristic.  The 
sinking  of  the  foot  shows  that  the  inner  arch  is  lower  tlian  normal,  and 
the  lack  of  elasticity  in  gait  is  easily  recognized,  as  well  as  abnormal 
evcrsion. 

More  care  is  needed  to  recognize  the  pathological  flat-foot  in  chil- 
dren or  in  the  lighter  stages  in  adults.  An  impression  of  the  sole- 
pressure  on  paper  blackened  by  camphor-soot,  first  with  but  Nttlc 
weight,  then  with  the  whole  weight  o{  the  body.  Is  of  value  to  indicate 
the  area  of  maximum  contact.  The  diminishing  extent  of  the  hollow 
under  the  inner  arch  is  indicative  of  the  flatness  of  the  foot. 

Treatment. — The  treatment  of  tliese  cases  necessarily  varies 
according  to  their  severity,  and  for  descriptive  purposes  we  will  con- 
sider these  stages  :  i.  Light  cases  in  growing  children  ;  2.  Severe  cases 
in  growing  children  ;  3.  Light  ca.'ies  in  adults ;  \.  Severe  resistant  cases 
in  adults. 

In  the  light  cases  in  children  it  is  extremely  important  that  proper 
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shoes  are  furnished.  The  best  covering  for  the  foot  is  necessarily  a 
shoe  which  constricts  as  little  as  possible.  It  is  essential  that  the  shoes 
be  not  too  short,  the  toes  broad,  heels  low.  The  soles  of  the  shoes 
and  the  uppers  should  be  shaped  so  that  the  toes  are  not  crowded  or 
forced  outward.  Short  stockings  are  injurious.  Gymnastic  exercises 
as  mentioned  for  adults  may  be  of  value. 

In  the  severer  cases  mechanical  support  for  the  arch  of  the  foot 
may  be  necessary.  In-soles  with  a  stiffened  or  padded  arch  of  sad- 
dler's felt  will  be  sufficient  in  the  lighter  cases,  with  or  without  the 
raising  of  the  inner  edge  of  the  sole  and  heel  from  ^  to  ^  inch,  for  the 
purpose  of  throwing  the  weight  more  upon  the  outer  side. 

In  light  cases  in  adults  supports  to  the  arch  are  more  necessary 
than  in  children,  on  account  of  the  increased  weight  and  strain.  Suit- 
able shoes  should  be  ordered,  and  gymnastic  exercises  prescribed  in 
order  to  develop  the  muscles  which  support  the  arch.  The  patient 
should  walk  with  the  toes  straight  ahead,  and  avoid  a  position  with  the 
foot  everted. 

In  light  cases  proper  shoes  are  sufficient  to  correct  the  difficulty; 
but  where  the  foot  is  badly  deformed,  and  the  amount  of  strain  brought 
upon  the  ligaments  is  great,  some  form  of  firm  plate  is  desirable  to 


Fig,  373. — Whitman's  brace  for  tlai-foot. 

relieve  the  strain  of  the  patient  when  upon  the  foot  for  a  number  of 
hours.  The  plate  is  worn  inside  the  shoe,  which  should  be  of  an  ap- 
proved pallcm.  The  most  efficient  plates  are  those  recommended  by 
Whitman  (Fig.  372).  The  plate  should  be  made  from  a  plaster  model 
of  the  foot  in  the  proper  position — i.  c.  turned  slightly  inward.  The 
plate  should  not  be  so  long  as  to  reach  the  heads  of  the  metatar5al 
bones  or  the  tubercles  of  the  os  calcis,  but  it  should  support  the  under 
surtace  of  the  scaphoid  and  the  head  of  the  astragalus.  The  metal  should 
be  strong;  enough  not  to  xield  under  pressure. 

Kxcellcnt  plates  can  also  be  made  from  firm  celluloid,  softened  in 
boiling  water  and  manipulated  over  a  cast  by  the  hand  of  the  surgeon. 
protected  b\"  woolen  and  rubber  gloves. 

The  object  of  a  support  to  the  arch  is  partly  to  sustain  a  portion  of 
the  weight,  but  more  particularly  to  maintain  a  proper  position  of  the 
bones  of  the  foot. 

I:i  the  severer  cases,  accompanied  by  musculau"  spasm  and  over- 
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stretched  ligaments  in  the  fixed  eversion  of  the  foot,  It  is  necessary 
to  fix  the  foot  in  as  correct  a  position  as  possible  by  means  of  plaster 
bandages  successively  applied  to  the  foot,  using  in  some  instances 
force  under  an  anesthetic. 

The  treatment  as  mentioned  above  can  be  employed  as  soon  ns  the 
patient's  feet  have  sufficiently  recovered.  In  certain  severe  cases  with 
marked  deformity  o{  bone,  a  wedge-shaped  portion  can  with  benefit  be 
removed  from  the  neck  of  the  astragalus  or  scaphoid,  and  then  the  foot 
inverted  and  fixed  by  means  of  a  plaster  bandage,  with  the  ordinary 
treatment  for  flat-foot  for  the  stage  of  convalescence. 

The  prognosis  of  the  treatment  of  flat-foot  is  satisfactory. 

CLUB-FOOT,  OR  TAUPES  EQUINOVARUS. 

Club-foot  consists  of  a  dislocation  at  the  mediotarsal  articulation, 
with  resulting  changes  in  soft  tissues  (skin,  muscles,  tendons,  fasci.-E) 
and  bones  or  cartiEages.  The  anterior  part  of  the  foot  is  inverted  and 
twi-stetl.  and  the  heel  elevatcti  so  tliat  the  pilient  walks  on  the  outside 
and.  in  extreme  cases,  on  tlie  dorsum  of  the  foot.  The  soft  tissues 
especially  involved  arc  the  abductor  pollicis  muscle,  the  tibialis  anticus 
and  posticus,  plantar  fascia,  plantar  and  astragaloscaphuid  ligaments, 
and  tcndo  Achillis.  The  bony  defonnity  of  importance  consists  of  an 
inward  rotation  of  the  scaphoid  and  cuboid  bones  around  the  anterior 
surfaces  of  the  astragalus  and  os  calcis  respectively,  with  occasional 
deformity  of  the  astragalus  and  os  calcis.  Secondary  changes  may  be 
the  result  of  pressure  or  locomotion. 

Club-foot  may  be  congenital  or  acquired.  The  cause  of  the  con- 
genital variety  is  still  a  matter  of  theory ;  tlie  acquired  variety  is  almost 
always  secondary  to  infantile  paralysis,  and  it  will  not  be  further  con- 
sidered here.  In  congenital  club-foot  the  muscles  may  atrophy  from 
disuse,  but  are  never  paralyzed. 

Symptoms  and  Diagnosis. — These  patients  suffer  considerable 
inconvenience  in  walking,  and  the  gait  is  unsightly  and  characteristic 
when  the  deformity  is  double,  in  that  one  foot  is  lifted  over  the  other 
in  a  peculiar  manner.  Bursa?  and  callosities  frequently  tievelop.  and 
they  may  be  the  seat  of  inflammatorj'  processes.  The  position  of  the 
foot  and  the  shortened  ligaments  are  characteristic.  By  manipulation 
it  may  be  possible  to  reduce  the  deformity  more  or  less,  but  it  will 
recur  at  once.  The  deformity  increases  as  the  patient  walks  upon  the 
distorted  foot. 

Prognosis. — -The  deformity  usually  ])ersists  or  increases  if 
untreated,  and  shows  no  tendency  to  correct  itself.  Early  cases  are 
easier  to  correct  than  late  ones.  All  cases  are  amenable  to  correction, 
and  the  deformity  will  not  recur  if  complete  correction  or  overcorrec- 
tion has  been  secured  for  a  sufficiently  long  period  to  enable  the  parts 
to  have  adjusted  themselves. 

Treatment. — The  treatment  will  vary  according  to  the  age  and 
condition  of  the  deformity,  and  should  be  begun  as  soon  as  the  nutri- 
tion of  the  child  is  such  that  treatment  can  be  continued  without  inter- 
ruption. Methods  should  be  tried  in  the  order  of  their  simplicity,  as 
a  general  rule.     The  aim  should  be  to  ovcrcorrcct  the  deformity,  and 
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retain  the  foot  in  the  corrected  position  until  all  parts  become  adjusted, 
and  there  is  no  tendency  to  recurrence  when  the  foot  is  at  rest  and 
influenced  only  by  gravity,  and  particularly  when  in  walking  it  does 
not  tend  to  assume  its  former  distorted  position. 

AI!  treatment  is  mechanical,  with  or  without  some  surgical  interfer- 
ence, but  electricity  and  massage  may  be  of  value  during  convales- 
cence. 

Infantile  Cases. — Here  the  foot  is  pliable,  and  the  chief  obstacles 
to  correction  are  the  shortened  muscles  and  ligaments.  Gradual  cor- 
rection by  means  of  manual  force  and  repeated  plaster  bandages  can 
be  employed,  although  often  tedious. 

The  deformity  is  corrected  in  this  order:  Inversion  at  the  ankle- 
joint,  inversion  at  the  mediotarsal  joint  (varus),  and  finally  the  plantar 


Fig.  373. — Side  view  of  the  retention 
apparatus  applied  inside  or  the  leg. 


Fig.  374. — Side  view  of  the  retention  appliance ; 
outside  view,  showing  the  leather  side-piece,  with 
metal  ring  through  which  the  strap  passes,  exert- 
ing side-pressure  upon  the  os  calcis. 


flexion  (equinus).  Plaster  bandages  arc  applied  over  a  limb  well  pro- 
tected with  cotton,  every  two  to  four  weeks,  extending  from  the  toes 
to  the  thigh,  with  the  knee  slightly  bent  in  order  to  retain  the  plaster 
without  slipping.  In  correcting  the  deformit)'  care  must  be  exercised 
that  tile  cuboid  is  forced  outward  as  well  as  the  scaphoid,  and  that  the 
heads  of  the  os  calcis  and  astragalus  are  forced  inward ;  otherwise  the 
correction  is  only  apparent,  and  will  not  be  permanent. 

Sooner  or  later,  according  to  the  condition  of  the  foot  and  the  cir- 
cumstances of  the  case,  tenotomy  is  resorted  to  in  order  to  free  what- 
ever bands  may  be  nccessarj'.  particularly  the  tendo  Achillis.  After 
the  operation  the  foot  is  retained  ten  days  to  two  weeks  in  a  plastcr- 
of- Paris  bandage,  and  then  a  \arus  shoe  is  fitted  to  the  foot.  The  inside 
support  atiswens  the  purpose  thoroughh",  but  it  needs  to  be  modified 
to  each  case  and  requires  careful  attention.     Straps  and  buckles  of  this 
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appliance  will  answer  in  careful  liands  lu  secure  the  foot,  but  In  order 
to  prevent  slipping,  the  fool  may  be  lichl  firmly  to  llic  pwddctJ  foot- 
plate of  this  fippliance  by  means  of  a  plaster  or  .silicate  bandage ;  or 
— which  requires  less  watching  tlian  when  straps  and  buckles  are  used ; 
plaster  bandages  may  be  employed  for  a  long  period.  The  splint  must 
be  so  arranged  as  to  allow  motion  of  the  foot  except  inversion  and 
plantar  flexion  beyond  a  right  angle,  and  care  must  be  taken  that  the 
external  pressure  is  on  the  head  of  the  os  calcis,  and  not  on  the  cuboid 
hone.  The  splint  can  be  worn  inside  of  a  shoe,  laced  to  the  toi^.  and 
should  be  woni  for  a  jjeriod  suflicienlly  long  lo  ensure  moulding  of  the 
bones  and  ti.ssuc.s  into  a  normal  shape. 

Where  a  splint  of  this  sort  is  used,  it  is  necessary  that  it  should  be 
cun'cd  sufficiently  to  allow  the  inner  niaik-ohis  to  be  dropped  or  forced 
to  the  inside  more  than  is  normal,  in  order  to  allow  for  overcorrection. 


El 
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Fig,  375- — «,  Sole-ptoie  of  relcntion-choc ;  *.  side  «ew  of  sole-plate  of  retention  •shoe,  wllh 
flocuring  clasp  {d)  and  meinl  loops  (f,<)  Ibr  stendying  straps;  t,  uprigtii. 

A  subsequent  ojjeration  is  necessary  if  any  fibers  remain  undivided, 
and  in  ciise  ^^t  imperfect  correction.  Before  the  child  is  three  years 
of  age  all    deformity  should  be  corrected. 

Older  Cases  (three  to  six  years). — In  these  cases  the  judgment  of 
the  surgeon  must  be  exercised  to  a  greater  extent.  Immediate  over- 
correction is  called  for  by  both  manual  and  operative  measures,  becom- 
ing more  and  more  mdicid  until  the  desired  end  is  reached.  In  mild 
cases  tenotomy  of  the  tibiales.  the  plantar  fascia,  and  tcndo  .A.chillis, 
and  forcible  correction  by  means  of  the  hand  or  a  wrench,  will  suffice; 
hut  If  this  fails,  an  open  incision  according  to  the  method  recommended 
by  Phelps  must  be  made  on  the  inner  side  of  the  foot,  and  all  resistant 
structures  divided.  These  procedures  will  correct  most  cases,  and  the 
retention  treatment  by  means  (if  plaster-of-Pans  bandages  and  the 
varus  shoe  is  the  same  as  for  the  infaiitile  variety. 

When  extensive  alteration  in  the  neck  of  the  astragalus  or  the  os 
calcis  exi-sts,  an  osteotomy  of  the  neck  of  one  or  both  of  these  bones 
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is  advisable,  even  in  young  children,  and  the  results  are  far  more  satis- 
factory than  those  following  excision  of  the  astragalus  or  exsection  of 
a  portion  of  the  tarsus — procedures  involving  unnecessary  sacrifice  of 
bone.     In  brief,  the  operation  is  as  follows : 

All  internal  bands  having  been  previously  divided,  a  curved  incision 
is  made,  starting  from  the  external  malleolus,  curving  over  the  head  of 
the  OS  calcis  and  then  down  to  the  sole  of  the  foot,  and  the  flap  re- 
flected downward.  The  peronei  tendons  are  turned  aside  or  severed 
(to  be  sutured  later),  and  on  exposure  of  the  neck  of  the  os  calcis  it  is 
chiselled  through  and  a  wedge-shaped  piece  of  bone  removed.  The 
articular  surface  is  not  to  be  disturbed.  This  allows  the  cuboid  bone 
to  be  forced  out  and  up,  and  the  foot  to  be  corrected.  In  addition,  in 
some  cases  the  neck  of  the  astragalus  is  to  be  divided  by  a  linear  or 
wedge-shaped  osteotomy,  if  necessary.  Perfect  asepsis  is  demanded. 
When  a  good  position  is  assured  it  Is  maintained  by  means  of  a  plaster 
bandage.  The  after-treatment  consists  of  a  properly  fitted  varus  shoe, 
with  counterpressure  over  the  heads  of  the  astragalus  and  os  calcis, 
and  not  on  the  cuboid  bone,  to  be  worn  inside  of  the  shoe  for  at  least 
six  months. 

Adult  Cases. — The  ordinary  measures  are  of  no  avail  in  these 
cases,  on  account  of  bony  deformity  and  the  presence  of  firm  liga- 
mentous bands.  Radical  treatment  should  be  attempted  at  once,  and 
the  most  favorable  results  are  obtained  after  osteotomy  of  the  astraga- 
lus and  OS  calcis,  as  just  described,  though  the  removal  of  a  lai^e 
wedge  of  bone  is  needed.  Convalescence  is  more  rapid  in  these  cases, 
and  the  apparatus- wearing  period  shorter,  for  the  weight  and  intelli- 
gence of  the  individual  in  using  the  foot  are  of  much  service. 

In  general,  convalescent  treatment  may  be  summarized  thus :  In 
infantile  cases,  after  complete  correction,  retention  apparatus  night  and 
day  for  six  months,  walking  appliance  one  to  two  years  longer. 

In  children  under  five  years,  same  precautions,  except  that  walking 
appliances  are  needed  longer. 

In  adults,  following  tenotomy,  walking  appliances  about  one  year. 
After  osteotomy,  the  same  for  about  six  months. 


CHAPTER    XXIII. 
SURGERY  OF  THE  MUSCLES,  TENDONS,  AND  BURSAE. 

INJURIES  OF  MUSCLES  AND  TENDONS. 

The  most  superficial  muscles  ;ind  tendons  arc  naturally  the  most 
liable  to  injur>',  the  principal  injuries  to  which  they  are  subject  being 
contusions,  sprains,  rii|>turc,  wounds,  etc. 

Contusions  of  Muscles.— Contusions  of  muscles  are  of  frequent 
occurrence,  and  are  usually  caused  by  blows  or  fall.'S.  A  contusion 
may  exis.t  in  any  degree  of  severity,  from  a  simple  injury  of  a  few 
muscular  fibers  to  an  extensive  destruction  of  muscular  tissue.  On 
account  of  the  hemorrhage  which  invariably  ukes  place  in  all  contu- 
sions, more  or  less  blood  accumulates  at  the  seat  of  injury' — so  much, 
indeed,  in  sonic  cases,  as  to  form  a  distinct  hematoma.  Although  con- 
tusions ivf  muscles  are  generally  simple,  they  frequently  accompany 
severrr  injuries,  such  as  fractures,  dislocations,  etc. 

5iffns. — The  injury-  is  recognized  by  pain  and  tenderness  over  the 
affected  area,  with  some  loss  of  power  in  the  part.  Passive  motion 
usually  causes  considerable  pain.  Kcchymcsis  and  swelling  arc  quite 
certain  to  be  evident  sooner  or  later.  Before  making  a  diagnosis  of 
simple  contusion,  it  is  well  to  exclude  by  careful  examination  the  more 
serious  conditinns,  such  as  fracture,  dislocation,  etc.,  which  it  may 
accompany. 

Prognosis. — The  outlook  is  favorable  in  most  cases  for  a  return  to 
healthy  conditions.  The  cxtravasated  blood  and  the  debris  of  muscular 
tissue  are  absorbed,  and  connective  tissue  replaces  them.  In  some 
cases  atrophy  of  the  muscular  fibers  takes  place,  resulting  in  loss  of 
power  sometimes  so  persistent  as  to  suggest  the  possibility  of  injury 
to  the  ncr\*e.     Occasionally  suppuration   occurs. 

Treatment. — The  object  of  treatment  is  to  arrest  bleeding,  to  cause 
absorption  of  cxtravasated  products,  and  to  prevent  suppuration.  The 
principal  means  at  our  disposal  arc  (i)  rest,  (2)  elevation  of  the  part, 
(3)  compression,  and  (4)  cold.  Where  the  injury  is  slight. all  that  may 
be  necessary  Is  to  put  the  part  at  rest,  to  support  and  immobilize  it  by 
bandages,  etc. ;  but  in  the  more  serious  cases  the  patient  should  be  put 
tn  bed,  and  the  affected  part  raised,  if  possible,  so  as  to  limit  the 
amount  of  blood  going  to  it.  Cold  (best  applied  in  the  form  of  ice- 
bags)  may  be  used  with  advantage,  especially  when  there  is  a  tendency 
to  hematoma.  As  the  latter,  when  it  Is  large,  requires  a  long  time  for 
absorption,  and  furnishes  a  good  opportunity*  for  suppuration,  it  is 
occasionally  advisable  in  the  early  stages  to  wash  out  the  clot  through 
a  small  incision.  If  suppuration  takes  place,  early  incision  and  thor- 
ough cleansing  of  the  cavity  are  called  for. 
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Sprains  and  Strains  of  Muscles  and  Tendons.— A  sprain  or 
strain  of  a  muscle  or  tendon  usually  means  the  injury  resulting  from 
(i)  an  undue  stretching  from  external  violence,  (2)  sudden  or  violent 
contraction  of  the  muscle,  or  (3)  the  continued  overuse  of  one  muscle 
or  group  of  muscles. 

Signs. — -The  affected  muscle  is  usually  painful  and  tender,  and  has 
lost  a  certain  amount  of  its  power.  The  pain  and  tenderness  may  be 
felt  at  any  part  of  the  muscle  itself,  or  at  the  point  of  insertion  of  the 
tendon.     Occasionally  there  is  some  ecchymosis. 

Prognosis. — The  condition  is  not  u.sually  a  serious  one,  although  in 
certain  cases,  in  spite  of  the  most  approved  treatment,  some  of  the 
symptoms  persist  indefinitely.  This  is  particularly  true  in  sprains  of 
the  small  of  the  back,  the  shoulder,  hip,  etc. 

Treatment. — The  special  objects  of  treatment  are  to  relieve  pain 
and  to  restore  the  lost  tone  of  the  muscle.  These  are  effected  by 
resting  the  part  and  by  carefully  graduated  compression.  Massage  is 
frequently  useful,  and  sometimes,  especially  in  the  later  stages,  counter- 
irritation  may  be  of  advantage. 

Occasionally  one  sees  cases  of  what  are  called  "  chronic  sprains  "  or 
"  strains,"  caused  by  the  overuse  of  certain  muscles,  where  the  pain  is 
principally  at  the  origin  or  insertion  of  the  muscles.  Tenderness  and 
stiffness  are  prominent  symptoms.  Examples  of  this  are  seen  in  the 
so-called  base-ball  pitchers'  arm,  tennis-elbow,  etc.  Persistent  overuse 
of  a  muscle  may  give  rise  to  a  local  periostitis  at  one  of  the  points  of 
attachment  of  the  muscle,  possibly  resulting  in  necrosis  {see  cases 
recorded  by  Paget),  Occasionally,  as  a  result  of  these  repeated  strains, 
an  ossification  of  muscle  or  tendon  may  take  place  at  one  of  its  points 
of  attachment  to  the  bone.  The  best  instance  of  this  is  what  is  known 
as  "  riders'  bone,"  which  is  a  core  of  ossification  within  the  tendon  of 
the  adductor  longus,  in  men  who  are  much  on  horseback. 

Rupttire  of  Mnsdes  and  Tendons. — Muscles  and  tendons  are 
ruptured  not  infrequently  as  a  result  of  some  sudden  and  violent  mus- 
cular contraction.  This  may  take  place  in  persons  in  the  vigor  of 
youth,  but  is  more  apt  to  occur  in  those  of  middle  or  advanced  age, 
whose  tissues  have  lost  some  of  their  elasticity,  and  especially  in  cases 
where  the  muscles  have  become  degenerated  by  long  and  exhausting 
illness.  The  rupture  of  muscle  may  be  partial  or  complete.  The 
investing  fascia  of  the  muscle  alone  may  be  ruptured,  allowing  protru- 
sion of  the  muscular  tissue  through  the  gap  thus  made  (hernia  of 
muscle),  or  tlie  muscle  itself  may  be  partly  torn  through,  or  may  be 
ruptured  through  its  entire  thickness,  in  which  case  there  is  a  pro- 
nounced retraction  of  both  ends.  When  a  tendon  ruptures,  the  con- 
traction of  its  muscle-belly  draws  the  fragment  attached  to  it  away 
from  the  other  fragment.  In  any  of  these  injuries  more  or  less  blood 
escapes  into  the  tissues. 

Signs. — During  effort  a  sudden  sharp  pain  is  felt,  followed  at  once  by 
a  feeling  of  helplessness  in  the  part.  The  site  of  the  injury  is  tender, 
and  in  most  cases  a  gap  can  be  seen  or  felt  there.  Sooner  or  later 
there  will  probably  be  swelling  and  some  ecchymoses — the  latter  often 
directed  by  the  fasciie  to  a  point  at  some  distance  from  the  seat  of  injun.-. 

Treatment. — The  principal  object  of  treatment  being  to  restore  as 
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nearly  as  possible  ihe  continuity  of  the  ruptured  structure,  the  part 
should  usually  be  piaceii  at  rest,  by  b^nilagcs.  splints,  etc..  in  such 
position  as  to  relax  the  muscle  most  thorouLihly  and  approximate  the 
torn  ends,  and  ice-bags  should  be  applied,  In  suitable  cases  the  torn 
muscle  or  tendon  may  be  united  by  suture  (preferably  chromicized  cat- 
gut, or  kangaroo  tendon),  after  which  the  part  should  be  placed  in  the 
position  of  greatest  relaxation  for  the  muscle.  In  either  case  massage 
or  electricity  will  usually  be  found  of  benefit  in  the  later  stages.  Suture 
of  muscle  shdulti  never  be  tried  if  there  is  reason  to  suppose  that  the 
muscular  tissue  is  degenerated.  Primar)'  suture  of  ruptured  tendons 
is  generally,  and  even  sccondarj'  suture  is  often,  successful. 

Rupture  of  the  plantarls  is  not  unconirnun.  Tliis  muscle  arises 
from  the  back  of  the  femur  just  above  the  external  coiidyle.  and  is 
inserted  into  the  posterior  surface  of  the  os  calcis.  It  is  analogous  to 
the  ))almaris  longus,  and,  like  tlrit  muscle,  is  occasionally  absent,  The 
muscular  belly  (about  3  or  4  inches  long)  is  inserted  into  a  long,  narrow 
tendon.  During  a  sudden  motion,  as  in  lawn-tennis,  wrestling,  boxing, 
etc.,  a  sharp  stinging  pain  is  felt  in  the  calf,  like  a  whip-stroke.  The 
j>art  is  tcn*ler,  and  soon  becomes  swollen,  und  probabSy  ecchymosed.- 
The  ecchymosis  may  be  about  the  ankle  rather  than  at  the  point  of 
rupture.  The  patient  should  be  put  to  bed  and  the  leg  immobilized 
on  a  haai-splint.  In  a  few  days  he  may  get  up  ami  walk  (at  first 
with  crutches  or  canej  keeping  the  iieel  to  the  ground.  The  injuiy  is 
of  no  great  consequence,  and  the  patient  will  probably  recover  entirely 
in  a  couple  of  weeks  or  so. 


Fl^i    37t>  —  Kupiutc  of  the  tendon  of  tbe  long  head  of  the  blcept. 


Rupture  of  the  Biceps  of  the  Arm. — Though  the  muscle  itself  is 

rarely  ruptured,  tts  tendons  arc  more  frequently  the  seat  of  this  injury 

than  is  generally  supposed.     Loos'  has  collected  sixty-two  recorded 

cases.     The  long   tendon   which  arises   from  the  upper  border  of  the 

■  Seifr4gT  a.  kUn,  Ci^ir.,  %x\%..  Heft  x. 
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glenoid  fossa  va  most  frcquL-iUty  ruptured  of  all  the  i>arts  of  this  muscle, 
and  this  Is  especially  li;ible  io  uccur  where  the  tendon  has  bct^n  worn 
to  a  thin  ribbon,  as  in  cases  of  rheumatoid  arthritis  of  the  shoulder- 
joint.  It  generally  gives  way  in  such  cases  at  or  close  to  its  origin  and 
slides  down  the  bicipital  groove,  where  in  time  it  acquires  a  new 
attachment.  During  unusual  exertion  in  lifting,  a  snap  is  fclt  by  the 
paiicnl.  as  of  something  gix'ing  way.  and  the  arm  falls  helpless.  The 
arm  cannot  be  flexed  voluntjrily  ;it  the  elbow,  the  attempt  to  do  so 
causing  pain  referred  to  the  .shoulder  and  along  the  bicipital  groove. 
This  region  is  very  tender  and  may  be  ecchymoscd.  The  deformity  is 
characteristic.  The  muscular  belly  of  the  biceps  \&  unduly  prominent, 
but  is  soft  and  flabby  to  the  touch.  The  outer  head  of  the  muscle  has 
collapsed  downward,  and  just  below  tlic  lower  margin  of  the  deltoid 
there  is  an  unnatural  depression  (Fig.  376)  in  which,  by  deep  pressure, 
the  lower  end  of  the  prolapsed  tendon  can  be  felt. 

The  arm  should  be  bandaged  from  the  fingers  to  the  shoulder  and 
placed  in  a  sling. 

When  the  tendon  of  insertion  is  ruptured,  it  is  most  frequently  torn 
away  from  its  insertion  into  the  tubercle  of  the  radius.    The  injur)' may 


FlC-  J77- — Ruptur*  of  the  icndoti  of  in*ertiAn  of  ihe  bleep*  (auThor*  case). 


be  recognized  by  the  history  of  the  ca.sc  and  by  the  existence  of  a 
transverse  gap  across  the  front  of  the  arm  just  above  the  elbow  (Fig. 
377).  In  such  a  case  an  attempt  should  be  made  by  open  incision  to 
stitch  the  two  ends  together.  The  writer  was  once  obliged  to  sew  the 
tendon  to  the  brachialis  anticus  l>eneath  it,  as  the  entire  tendon  had 
been  lorn  away  from  the  bane.  The  arm  should  be  kept  in  a  (Msition 
of  acute  flexion,  with  supinated  forearm,  for  three  or  four  weeks,  after 
which  passive  motion  and  massage  may  be  started.     The  short  head 


of  the  biceps  is  rarely  ruptured,  and 
still  more  rarely  the  belly  uf  ihe 
muscle  itself! 

Rupture  of  the  Tendon  of  the 
Quadriceps  ExteitJior. —  Kmiture 
of  the  tendon  ol'ihc  tjuatlriceps  just 
above  the  patella  is  caiiscil  by  the 
same  forces  that  cause  a  fracture  of 
the  patella  itself.  There  is  a  violent 
action  of  the  muscle  when  the  knee 
is  slightly  bent.  The  patient  ex- 
periences a  sudden  piiin.  and  he 
cannot  stand  or  extend  his  thigh. 
There  is  a  marked  transverse  gap 
across  the  front  of  thigh  just  above 
the  patella,  made  more  evident  by 
the  bunch  of  contracted  muscle 
above  it  {FiR.  378).  It  is  well  to 
bear  in  mind,  however,  that  this 
characteristic  deformity  in  certain 
cases  may  be  ma-iked  by  a  pro- 
nounced synovial  effusion.  An  attempt  should  be  made  to  stitch 
together  tlic  torn  ends  of  the  tendon,  as  otherwise  the  disability  is 


Fig.   378. — Rupture    of    Ihe    tendon    ut    lbs 
quAdrieeps  estinuar. 


Fit).  379.— Drawing  from  n  specimen  in  ihr  WArrvn  Muwum  si  ltk«  Harvard  \{c<lical  School, 
Boston.  A  rinc  which  ihr  person  wore  on  the  lliitc  tingtr  caught  on  a  niil.  kikI  the  end  ol 
the  flnnvr  was  tn«Ti  off,  tirlnK>n(  with  ii  tlir  ficxof  Irndun.l 

pretty  sure  to  be  total  and  permanent.     After  this  the  leg  should  be 
kept  in  position  of  extension  for  several  weeks. 

Rupture  of  Other  Muitcle^  nnd  Tendons. — Rupture  of  the /i^tf/wrw- 

'  A  cas*  (if  thi§  kind,  where  the  lililr  finfrer  of  an  Infanl,  iwimiY  mf*nlh*  old,  win  pullerl  off 
by  t«ingcau|;l)linilie  jdintiof  adixir.  wan  t^rnby  ihcDUlhorin  Novrmbrr.  1903.  and  reptirtnl, 
logcUiM  with  olhet  cases  o(  ttiii  ittjory,  m  the  Btni»n  Atrd.  attd  Sht^.  Jomr.  o(  Feb.  2K,  1901. 
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turn patclite  is  occasionally  met  witli.  If  it  is  found  posisibic  to  do  so,  it 
should  always  be  united  by  sutures.  The  tcndo  AckiUis  may  be  rup- 
tured— an  injury  easily  recognized.  The  torn  ends  should  be  slitchctl 
together,  the  knee  strongly  flexed,  and  the  foot  extended,  and  this  posi- 
tion maintained  for  three  or  four  weeks.  The  stcrnomastoid  of  the 
child  has  been  ruptured,  partially  or  completely,  by  the  use  of  instru- 
ments in  difficult  labors;  the  rectus  abdonnms  in  parlurition  and  in 
tetanus  ;  some  of  \h'i:  flexors  of  the  forearm  in  athletic  sports  ;  and  the 
adductors  of  the  thigh  in  spasmodic  efforts,  during  riding,  to  retain  the 
seat  in  the  saddle.  The  extensor  tendon  of  a  finger  may  give  way  near  its 
insertion.    The  fruf/'s  of  the  arm  and  the  fsoas  have  also  been  ruptured. 

Thus  far  mention  has  been  made  of  rupture  principally  by  voluntary 
effort ;  but  muscles  and  tendons  may  be  extensively  torn  in  dislocations 
and  in  fractures  by  splinters  of  bone.  Tendons  may  be  pulled  away 
from  their  muscles,  as  is  (Kcasionally  seen  when  a  finger  is  torn  off  by 
machinerj',  bringing  with  it  one  or  more  of  the  long  tendons  which  are 
inserted  into  it  (Fig.  379). 

The  flat  addomiual  muscUs  may  be  ruptured  by  extreme  violence, 
even  when  the  skin  is  not  torn  through,  as  when  a  wagon-pole  is  dri\'cn 
with  great  force  into  the  abdomen.  In  case  the  person  survives  the 
injun,',  ventral  hernia  is  the  probable  result. 

Dislocation  of  Tendons.— A  dislocation  of  a  tendon  is  an  uncom- 
mon accident.  It  occurs  perhaps  most  frequently  to  the  ^rrtf«f(i///«- 
dous,  which  may  become  dislocated  from  their  groove  behind  the  exter- 
nal malleolus.  This  dislocation  is  easy  to  reduce  by  extending  the 
fool  and  manipulaling  the  relaxed  tendons  back  into  place.  Once 
reduced,  however.  tliL-y  have  a  consiant  teiidenc-}'  to  spring  out  agaui, 
and  an  operation  may  be  called  far  to  narrow  the  enlai^ed  sheath  or  to 
deejjen  or  reconstruct  the  bony  groove,  bridging  it  over  with  fascia.  A 
few  cases  have  been  reported  of  dislocation  oi  the  tendon  of  t/icioug htiid 
of  the  biecps,  though  it  would  hardly  seem  as  if  this  injury  were  an 
anatomical  possibility.  During  a  sudden  and  violent  twist  of  the  arm 
the  tentlon  slips  out  of  its  groove  to  the  inner  side,  causing  a  sickening 
pain,  with  immediate  loss  of  power.  If  the  muscle  is  relaxed  and  the 
part  manipulated,  the  tendon  springs  back  into  place  and  full  power  is 
at  once  regained.  Dislocations  have  also  been  reported  of  the  ttruiatts 
of  the  tibinlis  posticus,  sartorius,  extensors  of  the  fingers,  etc. 

Wounds  of  Hnscles. — Muscles  are  frequently  wounded,  as  in 
accidents,  assaults,  operations,  etc.  Such  wounds  may  be  punctured, 
inci.scd,  contused,  or  lacerated.  The  injured  muscle  can  usually  be  seen 
in  the  upen  wound. 

Treatment. — ^The  entire  wound  and  the  skin  for  a  considerable  area 
about  it  should  be  thoroughly  cleansed  and  rendered  aseptic.  The 
wound  should  then  be  inspected,  any  foreign  bodies  which  may 
have  lodged  there  removed,  and  shreds  of  tissue  which  are  only  par- 
tially attached  should  be  trimmed  off.  If  the  muscular  fibers  have  drawn 
away  from  one  another,  leaving  a  gap.  an  attempt  may  be  made  to  unite 
them  by  animal  suture  (preferably  catgut),  and  the  skin  stitched  together 
over  them.  Wounds  which  are  too  small  to  be  properly  inspected  may 
be  cleansed  by  irrigation  and  the  curet,  or  may  be  freely  laid  open 
and  treated  on  the  general  plan  outlined  above. 


Wounds  of  Tendons. — As  is  the  case  in  muscles,  the  tendons 
that  are  most  often  wounded  lie  nearest  to  the  surface,  and  it  is  for  this 
reason  that  the  tendons  about  the  wrist  and  hand,  ankle  and  foot,  most 
frequently  sufler  in  this  way.  A  wound  in  a  tendon  is  usually  incised 
or  lacerated. 

DiaKnosis. — In  case  a  wound  is  near  a  tendon,  the  diagnosis  of  sev- 
ered ti'tidon  is  highlj-  probabltr  when  there  is  complete  lo.ss  of  power  in 
the  part  to  which  Ihc  tendon  .L;oes  ;  but  a  positive  diagnosis  can  hardly 
be  made  unless  at  least  one  end  of  the  divided  tendon  is  seen. 

Treatment.— When  a  tendon  is  completely  divided,  the  only  rational 
treatment  is  to  find  the  ends,  briny  thent  together,  and  stitch  them.  It 
is  highly  important  that  as  nearly  as  possible  the  normal  length  of  the 
tendon  and  its  original  mobility  should  be  prescr\'cd.  An  anesthetic 
should  be  given  to  the  patient  and  a  tourniquet  applied,  after  which 
the  wound  should  be  thoroughly  cleansed  and  examined.  If  both  ends 
of  the  tendon  arc  not  at  once  visible,  the  limb  .should  be  placed  in  such 
a  position  as  to  relax  the  muscle  to  which  the  tendon  belongs.  It  is, 
as  a  rule,  easy  to  find  the  distal  end  of  the  tendon,  but  the  proximal 
end  is  usually  pulled  away  from  the  wound  by  its  muscle.  This  end 
is  usually  found  by  enlarging  the  wound  in  the  direction  in  which  the 
tendon  probably  lic-s;  but  this  method  lias  the  objection  that  the  scar 
resulting  from  such  a  cut  would  presumably  increase  the  liability 
of  adhesions,  and  thus  limit  the  subsequent  mobility  of  the  tendon. 
Several  methods  have  therefore  been  devised  for  finding  the  proximal 
end.  Perhaps  the  best  of  them  is  division  of  the  skin  and  underlying 
tissue  at  some  distance  from  the  wound,  in  the  presumed  direction  of 
the  tendon.  After  the  tendon  has  been  found  and  identified  the  sheath 
is  cautiously  opened  and  the  end  of  the  tendon  drawn  out  through  it 
and  fastened  to  the  eye  of  a  probe  which  has  been  passed  from  the 
original  wound.  This  end  can  then  be  pulled  into  the  original  wound 
and  stitched  to  the  distal  end  with  silk  or  chromicized  catgut.  A  stay- 
suture  may  be  used   if  the  tension  is  considerable  (Figs.    580,  3S1).. 


Pig.  380.-- Simple  luturc  of  tlividcd  tendoa. 


Pkj.  381  — Satare  of  ttic  tendon  with  i«in< 
forccmcnt. 


The  skin  should  then  be  united  with  sutures,  and  the  part  kept  in  such 
a  position  as  to  secure  the  greatest  amount  of  relaxation  for  the  muscle. 
Drainage  is  usually  not  accessary'.  When  there  is  a  gap  between  the 
two  ends  of  the  tendon  from  loss  of  substance,  a  bridge  between  them 
may  be  made  in  tlie  manner 
shown  in  the  accompanying 
illustratian  (Fig.  382). 

Tendons  from  animals  have 
been   grafted   into  such   gaps 
with  success,  and  Gliick  was 
equally  fortumtc  with  strands  of  fine  catgut.     In  three  or  four  weeks 
after  the  operation  massage  and  passive  motion  may  be  begun,  and 


PtG.  38a.— Mrihod  of  lcngthci)tD|:  divided  tendon. 
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shotilij  be  faitlifully  carried  on  for  months.  The  functional  results 
obtained  in  such  cases  are  usually  very  satisfactory,  occasionally  even 
when  suppuration  has  occurred.  There  is  often  great  difficult)-,  when 
several  tendons  arc  di\-ided,  in  properly  matching  them  ;  in  fact,  in  some 
cases  of  wounds  across  the  wri^t  it  is  wcll-nijjli  im[K>5wible  to  do  so. 
Secondary  suture  of  tendons  has  also  been  attended  with  considerable 
success.  In  such  cases  there  is  always  a  gap  to  be  bridged  over, 
owing  to  the  fact  that  there  is  usually  a  mass  of  cicatricial  tissue  to  be 
removed  before  the  ends  of  the  tendon  can  be  sutured. 


DISEASES  OF  MUSCLES. 

Inflammatioii  of  Muscle  (Myositis). — This  usually  appears  in 

a  sub;icule  or  chronic  furm,  and  is  due  tn  injury,  "verwork.  exposure  to 
cold  and  wet,  or  rhi-untatism.  It  also  may  result  frnni  itiflamniation 
spreading  from  contlj^uous  tissue.  There  is  usually  an  cxutLition 
between  the  muscular  fibers,  which  in  the  less  severe  forms  is  absorljcd, 
but  in  the  more  persistent  ones  organizes  and  later  contracts,  thus 
causing  real  atrophy  of  the  muscular  fibers  llicmselvcs.  Occasion- 
ally the  inflanmiation  may  advance  to  sujjpuration.  In  very  rare 
instances  ossificali<)ri  lakes  place  in  various  muscles  in  the  botly  (myo- 
sitis ossificans).  The  cause  and  pathology  of  this  disease  arc  as  yet 
unknown. 

Symptoms. —  I'ain  and  stiflhess  arc  prominent  symptoms.  The  pain 
is  often  .severe,  especially  at  night.  The  area  aver  the  affected  muscle 
is  extremely  tender  anil  tiflen  swollen.  The  p;»in.  tenderness,  and  stiff- 
ness in  the  muscles  of  the  back  from  which  many  individuals  suffer 
arc  probably  due  in  a  certain  proportion  of  cases  to  some  form  <if 
myositis;  though  In  some  ulher  cases,  where  the  muscles  sc^m  to  be 
the  seat  iif  the  affectton»  osteoarthritic  changes  are  undoubtedly  the 
real  cause. 

Treatment. — Rest  is  especially  necessary  in  myositis,  together  with 
counterirritation  (tn  the  form  of  friction  with  liniments)  or  hot  applica- 
tions. The  bowels  should  be  kept  npen  and  a  light  diet  prescribed. 
In  case  suppuration  occurs,  an  incision  should  be  made  and  the  cavity 
washed  out  and  dr;iined.  In  rare  cases  myositis  occurs  in  a  veryacirtc 
form,  when  it  is  generally  progressive,  and  soon  proves  fatal. 

Tnberctilar  and  Syphilitic  Disease. — Muscles  may  occasion- 
ally be  the  seat  of  tubercular  or  syphilitic  deposits,  the  former  gener- 
ally associated  with  tuberculosis  in  some  adjacent  bone  or  joint,  and 
the  latter  usually  appearing  in  the  fcirm  of  gummata.  It  has  been 
stated  that  giminiata  are  ver\'  frequcjitly  f».iund  in  the  sternomastoid 
muscle  of  children  born  with  inherited  syphilis;  but  these  swellings 
are  probably  in  a  very  large  proportion  of  cases  due  to  rupture  of  the 
muscle  during  instrumental  delivcrj*. 

Hypertrophy  of  Muscle. — Hj-pertrophy  of  muscle  is  generally 
the  result  of  unusual  and  jiersistent  exercise.  The  hmbs  of  athletes 
and  hard-worked  laborers  present  familiar  examples  of  hypertrophy 
of  voluntar)'  muscles,  while  the  hypertrophied  heart  and  bladder  are 
good  instances  of  the  .same  condition  in  involuntar>'  muscles.  The 
muscular  coats  of  the  appendix  arc  usually  found  to  be  much  thickened 
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after  attacks  of  inflammation,  as  a  result  of  the  incficctual  efforts  on 
the  part  of  that  orpan  to  expel  its  contents  into  the  cecum. 

Atrophy  of  Hascle. — Just  as  niuscEcs  may  become  hypertrophied 
by  extreme  use.  _so  thL-y  may  become  atrophied  by  lonjj  tiisuse.  This 
is  a  familiar  sight  in  limbs  which  as  the  result  nf  fracture,  joint-dis- 
ease,  etc..  have  been  kept  at  rest  for  a  long  time.  The  su|iply  of  blood 
which  ha.s  been  furnished  to  the  muscle  is  insufficient  for  it's  nourish- 
ment, and  the  muscle  wastes.  Atrophy  of  muscles  from  diminished 
blnod-supply  may  also  result  from  aiiy  cause  obstructing  the  flow  of 
blood  through  the  arteries,  as  ligature,  thrombus,  pressure  from  tumors, 
etc.  All  such  cases  are  embraced  untler  the  term  simple  atrophy,  and 
are  usually  not  accompanied  by  any  form  of  degeneration.  The  mus- 
cle still  reacts  to  electricity,  thoujjh  its  size,  strcnfjth.  and  tone  are 
diminished.  Stich  cases  call  for  exercise,  ma-ssajje.  electricity,  etc.  In 
some  cases  of  joint  disease — even  where  there  is  nothinR  more  than  a 
moderate  synovitis — there  is  a  reflex  atrophy  beyond  that  of  disuse. 
This  atrophy  i.s  not  attended  w-ith  tlcgcne ration,  and  the  reflexes  are 
moderately  increased.  It  generally  affects  the  extensors  of  the  limb. 
and  is  especially  noticeable  in  the  thigh  when  the  knee  has  been  injured 
or  diseased. 

Another  form  of  atrophy,  due  generally  to  interference  with  the 
ncrvc'supply.  and  sometimes  the  cflTect  of  injur>'.  is  called  atrophy  with 
defeneration^  because  the  muscular  fibers  have  undergone  some  form 
of  degeneration  (fatty,  waxy,  granular,  or  vitreous).  The  function  of 
the  muscle  is  either  partly  or  wholly  lost,  and  the  electrical  reaction  is 
greatly  diminished  or  absent.  This  variety  of  muscular  atrophy  is  an 
(.•specially  ])rominent  feature  in  progressive  muscular  atrophy,  infantile 
paralysi-*,  and  pseudo-hypertropliic  paralysis. 

Transplantation  ol  Tendons — In  this  procedure  the  distal  tendon 
of  a  health)'  muscle  is  cut  across  or  split,  and  its  proximal  end,  or  one 
end  of  the  split  tendon,  is  stitched  firmly  into  the  tendon  of  a  paralyzed 
muscle.  This  oiwration  belongs  more  properly  under  Orthopedic 
Surgerj'  tlian  here,  but  a  few  words  concerning  it  may  not  be  out  of 
place. 

The  operation,  which  is  a  comjiaratively  new  one,  is  applicable  to 
various  paralyses  where  only  a  part  of  the  muscles  are  jjaralyzcd.  espe- 
cially in  cases  of  infantile  paralysis  where  deformit>'  results  from  tlie 
action  of  the  healthy  muscles  whose  antagonists  are  paralyzed.  Here 
the  transplatitalion  of  tcudnns  by  counterbiitancing  the  muscle- tension 
removes  m)t  only  the  ilcformity,  but  also  llie  factors  which  would  lead 
to  its  recurrence. 

The  transplantation  may  in  some  cases  decrease  the  total  muscle- 
power  of  the  limb,  but  it  usually  gives  greater  usefulness  to  the  part, 
and,  beyond  this,  dispenses  with  the  need  of  retentive  apparatus. 

The  operation  has  been  widely  used  for  the  past  few  years,  and  in  a 
variety  of  forms. 

The  healthy  peroneus  longus  has  been  transplanted  into  the  tendo 
Achillis.  into  the  tendon  of  the  tibialis  posticus,  and  into  that  of  the 
tibialis  anticus.  The  extensor  proprius  pollicis  tendon  has  been  inserted 
into  the  tendon  of  the  tibialis  anticus ;  and  the  paralyzed  rectus  fiemoris 
has  been  reinforced  by  the  implantation  of  the  sartorius. 
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The  results  of  cases  thus  far  recorded  have  been  sufficiently  satis- 
factory to  justify  the  operation. 

Apart  from  the  use  of  this  operation  in  infantile  paralysis,  it  has  been 
of  definite  value  in  certain  cases  of  spastic  paralysis,  particularly  in  the 
type  known  as  Little's  disease.  Not  only  may  a  better  balance  of  mus- 
cles be  obtained  by  transplantation,  but  it  seems '  that  there  is  also  an 
unexplained  result,  inasmuch  as  after  tenotomy  and  transplantation 
there  is  a  definite  diminution  of  the  spastic  tonus  of  the  affected  muscle 
groups. 

Apart  from  this,  a  few  cases  of  wrist-drop  (musculospiral  paralysis) 
have  been  operated  on  by  tendon-shortening  of  the  extensors  of  the 
wrist,  or  by  passing  flexor  tendons  through  the  interosseous  spaces 
and  grafting  them  to  the  paralyzed  extensors.  The  results  are  said  to 
be  good,' 

Bruns '  has  recently  advocated  transplantation  of  biceps  and  semi- 
tendinosus  tendons  into  slits  in  the  quadriceps  femoris  for  knee  con- 
tractures (in  flexion),  whether  of  paralytic  or  arthritic  origin. 

Ftinctional  Disorders. — A  muscle  may  temporarily  lose  its 
power  as  a  result  of  overwork,  strain,  exposure  to  cold,  etc.  It  may 
or  may  not  be  subject  to  spasm  also.  Groups  of  muscles,  especially 
those  which  combine  to  carry  out  the  motions  necessary  for  a  certain 
action,  may  be  similarly  affected,  the  loss  of  power  or  the  spasm  being 
particularly  marked  when  the  attempt  is  made  to  carry  out  that  action. 
A  familiar  instance  of  this  is  known  as  "  writers'  cramp." 

Contractures  of  Muscle. — This  refers  especially  to  those  cases 
of  contracted  muscles  in  which  there  is  no  relaxation,  even  when  an 
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Fig.  383. —  Method  of  lengthening  a  tendon. 


anesthetic  is  given,  and  not  to  that  class  of  reflex  contractions  accom- 
panying fractures,  inflamed  joints,  hysteria,  etc.  The  simplest  forms 
of  contracture — such,  for  instance,  as  result  from  a  part  remaining  a 
long  time  in  one  position — should  be  treated-with  passive  motion,  mas- 
sage, etc.  But  if  this  treatment  fails,  and  also  in  the  more  serious 
forms  of  contracture  where  there  is  permanent  contraction  of  the 
fibrous  elements  of  the  sheath  and  atrophy  of  the  muscular  fibers, 
the  patient  should  be  etherized,  and  an  attempt  made  to  overcome  the 
contraction  by  force.     This  will  be  successful  in  all  except  the  most 

'  Vulpius,  Cmtralbl.  f.    Chir.,  1899.  No.  2?;   Vulpius,  Rn-ue  de  Chir.,  1900,  p.  421; 
Kunik.   Miiniheiter  nifii.   Weik'Uuhr..   1901,  No.  7. 
*  W.  R,  Townsend.  Med.  .\Vti'j,  July  14,  i(;oo. 
^  Carl  Jtruns.  Centralbl.  f.  Chir.,  1901,  p.  159. 
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serious  forms,  where  tenotomy  will  be  found  neccssar)*.  Tenotomy 
may  be  done  by  the  suhcuLiiiuoii^  or  the  open  nieth(»d,  the  latter 
Imviii^  the  advantage  of  enabling  the  operator  to  see  what  he  is  doing, 
and  thus  avoid  d:imaging  Important  parts.  The  tendon  may  be  cut 
transversely,  or.  what  is  often  belter,  may  be  split  lenythwisc-  and  cut 
out  at  the  two  ends  in  ojijiostlc  directions  transversely  or  obliquely. 
The  part  should  then  be  forced  into  the  normal  position,  the  two  ex- 
tremities of  tendon  united  with  cntgut  or  silk,  and  the  wound  closed 
(I^ig-  383).  The  result  of  tenotomy  performed  by  either  method  is 
usually  most  satisfactor)'. 

Tumors  of  Mnscle. — Tumors  of  muscle,  exclusive  of  those  which 
affect  the  uterus,  arc  rare.  Most  varieties  of  tumor  have  been  found, 
however,  sarcoma  and  its  combinations  beinfj  perhaps  the  most  fre- 
quently met  with.  They  should  be  dealt  with  in  accordance  with  the 
general  rules  for  the  treatment  of  tumors. 
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A  tendon-shcnth  is  a  closed  sac  which  partially  or  completely  sur- 
rounds a  tendon,  its  inner  Liyer  being  adherent  to  it.  Those  tendons 
which  possess  sheaths  are  located  chiefly  about  the  wrist,  liand,  and 
ankle. 

Inflammation  of  the  Tendon-sheaths  (Tenosynovitis). — 
Several  varieties  are  met  with;  1.  Acute  simple  tenosynovitis;  2. 
Suppurative  tenosynovitis  ;  5,  Chronic  tenosynovitis. 

Acute  simple  tenosynovitis  frequently  follows  overwork,  sprains. 
and  other  injuries.  This  form  of  the  disease  is  generally  met  with  in 
one  or  more  of  the  ten  don- sheaths  near  the  wrist,  e.specially  in  tliose 
of  the  extensor  tendon  of  the  thumb  or  fingers,  and  occasionally  in 
connection  with  the  tendo  Achillis.the  peroneal  tendons,  or  the  exten- 
sors of  the  foot.  There  is  an  elongated,  irregular  swelling  over  the 
region  of  the  affected  sheath,  from  effusion  into  the  sheath,  and  the 
part  is  tender  and  painful,  especially  on  movement.  In  the  early  stages 
a  soft  crej>itus  can  usually  be  felt  when  the  tendon  moves  to  and  fro  in 
its  sheath  (tenosynovitis  crepitans). 

Trfatment. — Gentle  pressure  should  be  applied  by  covering  the  i>art 
with  a  layer  of  contractile  collodion  or  by  sheet  wadding,  and  immo- 
bilizing the  iwrt.  Usually,  under  this  treatment  the  inflammation  sub- 
sides in  a  few  iLays,  and  the  e.\udation  is  absorbed.  Occasionally, 
adhesions  or  chronic  inflammation  may  result. 

Suppurative  tenosynovitis  results  from  direct  infection  of  the 
sheath  witli  pus-producing  organisms,  or  from  suppurative  inflamma- 
tion in  the  neighboring  structures.  This  condition  is  also  occasionally 
met  with  in  connection  with  gonorrhea  or  pyemia,  either  of  these 
diseases  appearing  primarily  in  the  sheath,  or  secondarily  t<>  some 
joint-aflcction.  Acute  suppuration  of  the  tendon-sheaths  on  the  front 
of  the  liand  and  wrist  occurs  so  frequently  in  some  forms  of  whitlow 
(the  thecal  variety)  as  to  merit  a  special  con  side  nit  ion. 

Thecal  whitlow  (felon)  usually  follows  some  wound  on  the  finger, 
but  occasionally  appears  without  apparent  cause.  The  suppurative 
inflammation  usually  starts  from  the  end  of  one  of  the  fingers  and 
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spreads  rapidly  over  the  flexor  surface  of  that  finger.  If  this  condition 
is  neglected,  sloughing  of  the  tendon  or  necrosis  of  one  or  more  of  the 
phalanges  may  result,  as  well  as  Invasion  of  some  of  the  plialangeal 
or  carpal  joints,  in  which  case  the  finger  becomes  distorted  and  useless. 
Septicemia  and  pyemia  have  been  known  to  ensue.  A  special  anatom- 
ical arrnngenient  of  the  shenths  of  the  flexor  tende)ns  makes  it  possitile 
for  siippufijtion  in  the  >ihc;jths  of  the  tendons  of  the  tluimh  and  little 
finger  tn  travel  up  to  the  p.dni,  and  even  under  the  annular  ligament 
into  the  forearm,  with  ama/ing  rapidity  (Fig.  384),  Whitlow.  tht:refore, 
forming  on  either  of  these  fingers  is  far  more  dangerous  than  on  cither 
the  fore,  middle,  or  ring  fingers. 

S_ym/>fi>ms. — Acute  suppuration   in   ten  don -sheaths  extends  rapidly 
throughout  the  entire  length  of  the  sheath,  and  is  accompanied  by  the 


FIC.  3*4- — Diagram  stiowing  airantj^ntent  ol 
flcxvr  aiicuihs  on  the  front  cr  the  baad. 


FlC.  385. — Diujrarn  showing  profMf 
incbioBt  into  the  paliB. 


usual  symptoms  characteristic  of  acute  sup[)uration.  In  whitlow  the 
pain  is  extreme  and  of  the  throbbing  kind,  increased  almost  beyond 
endurance  when  the  hand  hangs  down.  The  finger  appears  red.  shiny, 
swollen,  and  ts  exquisitely  tender.  Lymphangitis  and  brawny  infiltra- 
tion of  the  tissues  of  the  forearm  may  follow  as  the  inflanmiation 
travels  upward.  In  pyemia  suppuration  a[>jje;irs  insidiously  in  one  or 
more  sheaths  without  causing  special  symptoms  except  swelling. 

Trealitunt. — Before  the  presence  of  pits  is  evident,  hot  creolin  baths 
and  creolin  poultices  may  be  employed  with  advantage;  but  when  .'*up- 
pur.itioti  has  taken  place,  a  free  incision  should  be  made  at  once,  and 
the  entire  track  i»f  the  abscess  cleaned,  washed  out,  and  scrubbed  with 
hydrogen  peroxid.  If  immediate  incision  is  made,  it  pre^'cnLs  the 
spreading  of  the  suppurative  process  to  other  structures,  and  probably 
saves  the  tendon.  F"rcc  drainage  should  always  be  used.  In  case  the 
pus  has  reached  the  palm,  an  incision  should  be  made  so  as  to  avoid 
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the  vessels  (Fig.  385).  The  palmar  incision  of  W.  A.  Brooks  (see  page 
73)  has  much  to  recommend  it. 

Chronic  tenosynovitis  may  be  chronic  from  the  bcginninj;,  or  may 
result  from  repeated  acute  and  subacute  attacks,  csjx'cially  in  indi- 
viduals who  have  a  tendency  to  tuberculosis.  There  are  several  vari- 
eties of  the  disease,  though  moilcm  pathol- 
ogy considers  a  very  large  ])rnportion,  if  not 
all,  of  them  to  be  tuberculous.  The  sheath 
is  distended  with  fluid,  which  may  be  scrnus, 
somewhat  turbid,  or  gelatinous,  and  may 
contain  numcrons  small  bodies,  the  so-called 
"  melon-.sced  bodies,"  which  are  made  up  of 
concentric  layers  of  fibrinous  material,  and 
which  float  freely  within  the  sac.  The  lining 
of  the  sac  may  be  smooth  or  roughened  with 
fibrinous  deposit.  In.-^till  another  form  of  the 
disease,  the  so-callcd  "fungous"  variety,  the 
sac  is  filled  with  granulations,  which  may 
burst  beyond  the  limits  oPthe  dt-stended  sac 
and  invade  the  neighboring  structures.  The 
sheaths  most  fre<|uently  affected  arc  those  on 
the  front  of  the  wrist  (the  so-called  great 
carpal  bursa),  the  back  of  the  wrist,  the  dor- 
sum of  the  foot,  and  behind  the  external 
m:Ulcolus  (the  sheaths  of  the  peroneal  ten- 
dons). 

Signs. — ^Thc  disease  appears  as  a  chronic 
elongated  swelling  over  the  tendon.     There 

is  little  or  no  pain  or  tenderness,  and  the  skin  is  usunlly  not  reddened. 
The  swelling  is  soft  and  clastic,  and  gives  an  indistinct  feclmg  of  fluc- 
tuation. When  the  great  palmar  bursa  is  aflccted.  there  is  a  swelling 
in  the  palm  and  also  one  above  the  wrist,  the  two  being  sujwrated  by 
a  constriction  at  the  level  of  the  annular  ligament  (Fig.  3^6).  As 
the  fluid  is  pressed  from  one  swelling  to  the  other,  a  ixrcidiar  soft 
crepitation  may  occasionally  be  felt,  which  is  caused  by  the  melon- 
seed  bodies  passing  under  the  annular  ligament.  Some  of  the  sheaths 
of  the  other  fle.xor  tendons  of  hand  or  fingers  may  be  affected  at  the 
same  time.  In  the  fungous  variety  of  the  disease  the  skin  may  become 
involved  and  break  down,  resitlting  in  ulcerations  and  sinuses. 

TrrattHfiil. — Althoitgh  most  cases  of  chronic  tenosynovitis  arc 
probably  tubercular,  and  will  resist  all  ordinary  forms  of  treatment, 
it  may  be  well  in  simple  cases  to  try  the  effect  of  inmiobilizatton,  firm 
coinprcs;iion.  counterirritation,  etc.,  combineil  with  tonics  and  good 
hygienic  surroundings.  If  these  fail  after  faithful  trial,  the  entire  sac 
with  all  its  contents  should  be  carefully  removed  by  dissection,  together 
with  any  tissue  outside  the  sac  which  appears  to  be  aflTccted.  The  use 
of  an  Ksmarch  tourniquet  will  greatly  simplify  the  operation.  The 
functional  rt^^ull,  especially  when  the  disease  is  primary,  is  usually 
very  satisfactory,  and  in  most  cases  there  is  no  recurrence  of  the 
disease. 

Ganglion. — A  ganglion,  or  "  weeping-sinew."  as  it  is  sometimes 


T\a.  386.— Chronic  teno- 
synovitis  o(  \\\r  ilrxnr  trndon- 
t'liraOtt  on  the   front  of    lb« 
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calledj  is  a  round,  firm  swcllinjj  in  connection  with  a  tendon -sheath. 
U  has  thin  walls  and  a  synovial  lining,  and  contains  a  thick  gelatinous 
iliiitl.  Its  niitst  cmiiniiji]  situation  is  on  the-  clonwil  aspect  of  the  wrist, 
where  it  lies  in  intimate  connection  with  the  sheath  of  one  of  the 
extensor  tcndon.s  of  the  fingers  (Fig.  3S7).  It  is  also  occasionally  seen 
in  connection  with  the  flexor  tendons  on  tJic  anterior  surface  of  the 
wrist,  or  even  in  the  paUn.     Its  mode  of  fonnation  is  not  entirely  clear. 


Fk:.  387.^(kinf;lion  on  Ui£  bacli  of  th«  wrist. 


though  it  Is  probably  developed  from  a  protrusion  of  a  pouch  of  syno- 
vial membrane  of  the  tendon-sheath  through  some  aperture  in  its 
fibrous  envelope.  This  pouch  becomes  larger  and  larger,  possibly  as 
the  result  of  excessive  secretion  of  synovial  fluid  from  overuse  of  the 
tendon,  sprain,  etc.  Apparently  in  most  cases  the  neck  of  the  sac 
becomes  more  and  more  constricted,  and  finally  its  lumen  is  obliterated, 
so  that  all  cannection  with  the  cavity  of  the  tendon-sheath  U  shut  ofT 

Treatment. — A  ganglion  may  be  treated  by  subcutaneous  rupture. 
subcutaneous  incision,  or  by  excision  of  the  sac  and  its  contents.  It  is 
usual,  when  the  situation  of  the  ganglion  will  allow  it,  to  try  these 
various  expedients  in  the  order  here  given.  Thus,  a  ganglion  on  the 
back  of  the  wrist  is  made  prominent  by  strongly  flexing  the  wrist, 
when  the  sac  is  ruptured  by  firm  pressure  with  both  thumbs,  or  by  a 
quick  blow  with  a  heavy  book.  It  is  well  after  this  to  kee[>  the  hand 
and  forearm  confined  to  a  splint  for  a  few  days,  with  firm  pressure 
applied  over  the  scat  of  the  ganglion.  Even  after  successful  rupture, 
however,  the  sac  may  refill,  and  a  different  kind  of  treatment  should  be 
used.  The  skin  may  be  pulled  to  one  side  over  the  swelling,  and  a 
tenotome  passed  quickly  into  the  cavity  of  the  sac.  The  inner  lining 
of  the  sac  is  then  scarified  by  the  tip  of  the  tenotome,  or  the  entire  sac- 
wall  divided  subcutancously,  after  which  the  contents  of  the  sac  are 
squeezed  out  and  the  skin  allowed  to  slide  back  to  its  proper  place, 
thus  leaving  a  long  oblique  o(x?ning  into  the  sac,  which  diminishes  the 
danger  of  infection.  The  last  resort  in  these  cases  is  excision  of  tlie 
entire  ganglion — an  operation  which,  properly  done,  is  invariably  suc- 
cessful in  ])reventing  a  return  of  the  condition. 

Duptiytren's  Contraction  of  the  Palmar  Fascia.— This  is  a  con- 
dition in  the  palm  of  the  hand,  which,  from  its  apjjcarance  and  from  the 
fact  that  one  or  more  fingers  are  permanently  flexed,  formerly  gave  rise 
to  the  impression  that  it  was  due  10  a  contraction  of  the  flexor  muscles 
or  tendons.     l)aron  Duj^uytren  was  the  first  to  point  out  that  the  con- 


DISEASES  OF  TEyOO.VS.    TEf^DOlf.SflEATHS,  AND  FASC/.-K.    JJJ 


o^. 


1 


Fia.  388. — Dupufiren's  cod- 

trftctian  of  the  palmar  bsola 
(afler  R«ve*). 


dition  is  entirely  due  to  a  contraction  of  the  palmar  fascia,  and  since  tliat 
time  the  disease  has  always  borne  his  name.  The  fascia  in  the  palm 
opposite  one  or  more  nf  tlie  fingers  (the  dis- 
ease usually  begins  opposite  the  ring  or  little 
finger,  and  may  spread  to  the  others)  is  thick- 
ened and  projects  from  the  palm  in  the  form 
of  one  or  more  rounded  cords  or  bards  to 
which  tlie  skin  is  quite  firmly  adherent,  being 
disposed  over  it  In  many  transverse  folds  and 
depres-sions.  One  finger  only  may  be  flexed, 
or  several  in  diRcrent  degrees.  The  flexion 
may  be  slij^ht,  or  it  may  be  so  extreme  that 
one  or  more  fingers  arc  brought  into  the  palm 
(FiK.jgS). 

The  condition  is  more  frequent  in  men 
than  in  women^  and  is  oftener  found  in  the 
right  than  in  the  left  haiul,  though  occasion- 
ally in  both.  Though  this  contraction  prob- 
ably results  from  some  form  of  chronic  in- 
flammation, its  exact  cause  is  not  at  all  clear. 
In  certain  cases  it  seems  to  have  been  traced 
to  some  slight  or  repeated  injiirj'  or  to  the 
continuous  use  of  certain  tools.  It  has  also 
been  attributed  to  rheumatism,  though  prob- 
ably without  sufficient  reason. 

Treatment. — Forcible  extension  does  no  good  whatever.  The 
deformit>'  returns  just  as  soon  as  the  extension  is  discontinued.  Opera- 
tion is  the  only  means  by  which  a  cure,  or  even  improvement,  can  be 
expected ;  and  even  with  tiperation  a  certain  amount  of  reconlraction 
may  occur,  especially  if  the  wound  fails  tn  heal  by  primarj-  union.  The 
contracted  bands  may  be  divided  by  multiple  subcutaneous  incisions, 
or.  what  seems  better,  they  may  be  dissecleil  out  freely  through  an  open 
incision  in  the  palm.  A  V-shaped  incision,  with  apex  toward  the  fin- 
gers, is  strongly  advised,  as  giving  the  operator,  on  lifting  the  flap,  more 
room  to  dissect  out  all  the  contracted  bands,  and.  by  placing  the  skin- 
incision  away  from  the  tcruloii.  to  niiniiiiixe  .siihset|uent  reconlraction 
after  the  wound  has  healed.  The  finger  should  be  kept  extended  for 
two  or  three  weeks  after  tlie  operation,  and  later,  massage  should  be 
used.  Lotheissen  has  recently  recommended  a  curved  incision  running 
along  the  ulnar  side  of  the  hand  and  above  the  hypothenar  eminence. 
This,  too,  gives  a  flap  with  the  skin  incision  out  of  the  way  of  the 
tendon. 

A  slight  degree  of  Dupuytren's  contraction  which  shows  no  tcn- 
dencv  to  increase  does  not.  as  a  rule,  call  for  any  operation  whatever. 

Hammer-toe. — This  is  a  common  deformity  in  which  the  tendons 
and  muscles  take  sufficient  ]jart  to  justify  its  consideration  here.  The 
deformity  is  most  frequent  in  the  second  toe,  though  it  may  exist  in  any 
of  the  smaller  toes.  Hoth  feet  arc  often  aflccted.  The  first  phalanx  is 
extended,  the  .second  strongly  and  rigidly  flexed,  and  the  terminal  pha- 
lanx either  in  a  straight  line  continuous  with  the  second,  or  extended 
upon  it  (Fig.  389).     A  callus  forms  over  the  head  of  the  first  phalanx. 
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and  another  on  the  tip  of  the  toe,  these  representing  the  places  sub- 
jected to  the  greatest  friction  when  the  foot  is  moved  within  the  shoe. 
As  might  be  expected,  this  condition  makes  walking  difficult  and  pain- 
ful. Though  inheritance,  rheumatism,  and  gout  have  often  been  consid- 
ered responsible  for  this  deformity,  it  is  probable  that  the  most  frequent 
if  not  the  sole  cause  is  to  be  found  in  the  wearing  of  shoes  which  are 
either  too  short  (thus  pressing  the  toes  back)  or  too  narrow  at  the  tip 
(thus  squeezing  the  toes  together),  or  both.  Assuming  that  hammer- 
toe is,  as  the  writer  believes  it  to  be,  invariably  caused  by  defective  foot- 
wear, its  development  may  be  explained  as  follows :  An  unusually  long 
second  toe  is  forced  backward  by  a  short  shoe,  and  at  the  same  time, 
on  account  of  lateral  crowding,  is  overridden  by  the  great  toe  on  one 
side  and  the  third  toe  on  the  other.  The  tip  of  the  second  toe  is  never 
again  able  to  return  to  its  proper  level,  but  is  forced  more  and  more 
backward  by  the  encroachment  of  the  two  neighboring  toes.  During 
this  process  the  first  phalangeal  joint  becomes  strongly  flexed  and  pro- 


FlG.  3S9. — Hammer-toe. 

jects  above  the  level  of  the  first  and  third  toes,  which  come  closer 
and  closer  together  above  its  tip.  This  deformity  is  kept  up  by  the 
persistence  of  the  conditions  which  originally  caused  it — that  is,  the 
continuing  to  use  improperly  shaped  shoes.  All  the  structures  (Includ- 
ing muscles,  tendons,  and  especially  ligaments)  which  are  made  slack 
by  this  position  contract,  the  ends  of  the  bones  accommodate  them- 
selves to  the  new  condition,  and  rigidity  results. 

Treatment. — In  cases  where  the  deformity  has  not  fully  developed, 
and  especially  if  the  subject  is  youthful,  an  attempt  may  be  made  to 
correct,  or  at  least  lessen,  the  deformity  by  passive  motion,  by  the 
wearing  of  loose  but  well-fitting  shoes  which  allow  full  play  of  the 
tnes,  or  by  the  continued  use  of  some  mechanical  dtt'ict.  Subcutaneous 
division  of  the  contracted  ligaments  about  the  first  phalangeal  joint 
has  not  proved  to  be  of  any  great  value,  and  tenotomy  oi  ^cyiov  tendons 
with  forcible  extension  by  which  these  bands  are  ruptured  has  met 
with  only  partial  success.  Resection  of  the  head  of  the  first  phalanx 
or  of  the  first  phalangeal  joint  is  the  operation  which  is  now  generally 
recommended.     Karewski   speaks  well  of  tenotomy  t(dth  arthrodesis. 
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Although  the*  result  is  usually  an  improvement,  it  is  far  from  being 
ideal.  The  first  phalanx  is  apt  to  rcm;un  hypcrcxtended,  and  there  is 
appreciable  broadening  of  the  toe  at  the  point  of  resection,  as  a  result 
of  retraction  of  the  entire  toe.  For  this  reason  the  toe  lies  above  the 
gap  intended  for  it.  and  not  in  il.  Fig.  390  is  taken  from  a  photograph 
of  a  case  of  hamnier-toc  about  a  month  after  the  head  of  Ihe  first 
phalanx  had  been  excised. 


Fic.  390— Result  of  excition  of  ihc  Iwiid  of 
ihr  first  plulnDX  far  liAmmer-lor. 


Fta.  391.— Result  of  iinput.itian  in  faai»- 
mer.ioe.  The  ion  twvc  cuine  lugether 
diminislimg  Ihr  |;np. 


AmputatioH  of  the  Toe. — This  is  the  best  procedure  for  the  most 
intractable  cases  (Fig.  391)-  The  loss  of  the  second  toe  docs  not  seri- 
ously weaken  the  foot  or  interfere  with  walking.  If  (here  should  be 
later  a  tendency  to  hallux  valgus,  as  some  surgeons  cl.iim,  great  cnre 
should  be  used  that  the  shape  of  the  shoes  worn  after  the  [i[xTalion  be 
such  as  to  give  plenty  of  room  for  the  toes  in  all  directions. 

Snap-^ger  (Trigger-finger). — This  is  a  very  rare  as  well  as  a 
very  peculiar  condition.'  Owing  to  some  obstacle  to  the  free  play  of 
the  tendon  (usually  the  (Icxor)  of  one  of  the  finger'*,  there  is  sudden 
interruption  <if  fifxion  or  extension,  nr  both,  after  which  lime  the  mo- 
tion is  resuniet!  with  a  jerk.  The  c*>iidition  is  prttUibly  due  to  the 
fact  that  the  tendon  at  one  part  has  became  thicker  than  normal,  and 
that  when  this  affected  portion  comes  to  the  narrowest  part  of  the  canal, 
it  is  there  arrested  temporarily  until  by  force  it  is  pulled  through,  and 
the  finger,  with  a  snap,  is  flexed  or  extended  as  the  case  may  be.  Occa- 
sionally a  small  nodule  may  be  felt  on  the  [»nlni.  which  corresjwnds 
to  the  thickened  portion  of  the  tendon  above  described.     Exactly  what 

'  A  TvUttTcIv  lar);«  numbcT  of  n^ef  %.n  rcporlH  iit  hnvint;  )»ccn  mri  with  among  the 
ivcruiu  uf  the  (-iFTTiian  anny.  1 1  \%  KUppcwed  ibai  the  trouble  i»  due  to  hKndling  weapoat 
with  hnnil*  iinu*ed  la  hard  work. 
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this  enlargement  of  the  tendon  is,  and  whether  it  is  due  to  a  general 
thickening  of  the  tendon  or  to  an  outgrowth  from  it,  or  to  the  synovial 
fringes  within  the  canal,  is  not  known.  Schloffer'  examined  one  of 
these  thickenings  pathologically  after  removal,  and  found  only  a  some- 
what infiltrated  normal  tendon.  Sudeck  '  found  not  a  thickening,  but  a 
localized  atrophy  of  the  profundus  tendon  in  its  sheath.  This  case 
showed  free  flexion  but  a  snap  in  extension. 

As  for  the  treatment,  passive  motion  may  be  persistently  tried,  and 
if  this  fails  to  give  relief,  an  incision  should  be  made,  opening  the 
sheath  and  exposing  the  tendon,  after  which  any  obstacle  to  the  free 
play  of  the  tendon  may  be  removed 

INJURIES  AND  DISEASES  OF  THE  BURSAE. 

There  are  two  kinds  of  bursae  in  the  body — -the  mucous  and  the 
synovial.  Mucous  bursa  are  loose  irregular  sacs  in  the  subcutaneous 
tissues,  containing  a  clear  viscid  fluid.  They  are  found  over  bony  pro- 
jections, such  as  the  olecranon,  patella,  tip  of  the  os  calcis,  malleoli, 
etc.  Bursae  similar  to  these  may  develop  of  themselves  just  under  the 
skin  from  unusual  friction,  as  on  the  dorsum  of  the  foot  in  cases  of 
extreme  talipes  varus,  on  a  projecting  spinal  hump  resulting  from  Pott's 
disease,  under  corns,  etc.  Synmdal  burses  are  placed  more  deeply  in  the 
body  than  the  mucous  variety.  They  He  between  tendons  or  between 
tendons  and  bone.  When  they  occupy  a  position  near  a  joint,  they  are 
very  apt  to  communicate  with  the  cavity  of  that  joint,  as  is  generally  the 
case  in  the  bursa  under  the  tendon  of  the  subscapularis,  also  in  that 
between  the  iliacus  tendon  and  the  capsule  of  the  hip-joint,  and  also  in 
that  between  the  tendon  of  the  semimembranosus  and  the  inner  head 
of  the  gastrocnemius.  All  varieties  of  bursse  are  subject  to  injury, 
and  are  especially  liable  to  inflammation  and  its  results. 

Injtiries  of  Btirsse. — Bursae  are  subject  to  all  forms  of  injury. 
The  proper  treatment  of  an  injured  bursa  is  rest  and  cold  applications. 
Occasionally  burss  are  wounded,  especially  in  operations.  They  usually 
heal  readily  unless  infected.  If  infected,  they  are  sure  to  suppurate. 
If  there  is  a  penetrating  wound  of  a  bursa,  especially  if  there  is  reason 
to  believe  it  an  infected  one,  the  entire  cavity  should  be  laid  open  and 
thoroughly  cleaned  out. 

Diseases  of  Btirsse. — Inflammation  of  bursse  (bursitis),  both  acute 
and  chronic,  is  extremely  common.  A  knowledge  of  the  anatomical 
position  of  the  various  bursae  is  often  of  great  assistance  in  making 
the  diagnosis. 

Acute  bursitU  is  generally  due  to  injury,  excessive  muscular  action, 
or  infection.  It  may  also  be  caused  by  extension  of  inflammation  from 
a  neighboring  joint.  The  lining  of  the  sac  is  congested,  and  fluid  is 
secreted,  often  with  great  rapidity.  Occasionally  there  is  some  blood 
mixed  with  the  fluid.  This  condition  may  result  in  resolution  or 
suppuration. 

Signs. — The  part  is  painful,  reddened,  swollen,  and  very  tender.  If 
suppuration  takes  place,  there  may  be  a  chill,  accompanied  by  sudden 
rise  of  temperature  and  marked  increase  in  all  the  local  signs.     Fluc- 

'  Wiiit.  klin.  il'ochentchr.t  1901,  No.  I.  '  Beitr.  z.  klin.  Cii>:,xxvi.,  H.  2. 
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tuatioii  will  be  evident  sooner  or  later.  If  the  abscess  is  not  opened, 
it  will  break  of  itself  and  discharge,  possibly  leaving  a  long  sinus. 

Trcatt/itHt. — When  a  bursa  is  simply  inRamed,  an  attempt  should  be 
made  to  cause  resolution  by  immobilizing  the  part  with  splint  or  band- 
age and  placing  it  in  such  position  as  tc  relax  the  niusclcs.  Cold  (in 
the  form  of  ice-bags)  or  hot  moist  applications  should  be  employed,  and 
in  ca.se  an  undue  quantity  of  fluid  is  present,  the  bursa  should,  if  ac- 
cessible, be  aspirated  When  pus  is  present,  the  cavity  should  be  freely 
laid  <ipen,  scraped,  cleaned,  and  drained. 

Chronic  bursitis  may  begin  as  such  or  may  be  the  result  of  several 
acute  attacks.  Constant  friction  is  also  a  common  cause.  Several  dis- 
tinct conditions  may  result  fi'om  chronic  bursitis ;  { i)  The  bursa  may  be 
simply  distended  and  filled  with  a  thin  clear  Huid;  or  (3)  the  wall  may 
be  considerably  thickened,  and  lined  witli  flabby  granulations  or  with 
fibrinous  deposits,  some  of  which  deposits  may  be  free  within  the  cav- 
ity of  the  bursa;  or  (3)  the  wall  may  be  so  thick  as  almost  to  obliterate 
the  central  cavity.  Suppuration  is  not  uncommon,  and  in  very  old 
cases  calcification  occasionally  takes  place.  There  is  good  reason  to 
believe  that  many  of  these  chronically  inflamed  bursa::  arc  tuberculous. 

Signs. — The  most  prominent,  and  often  the  only,  sign  of  a  chron- 
ically inflamed  bursa  is  a  marked  bulging  under  the  .skin  to  be  seen  or 
felt  when  the  bursa  is  near  the  surface;  this  is  due  to  distention  of  the 
sac.  Some  stiflhcss  may  be  present,  but  actual  pain  is  either  very 
slight  or  absent.  If  the  bursa  is  a  superficial  one,  fluctuation  can  gen- 
erally be  made  out.  This  is  not  so  evident,  however,  when  the  walls 
become  thicker;  in  fact,  in  some  cases  they  are  so  thick  and  dense  as 
to  give  the  impression  that  the  swelling  is  solid.  If  suppuration  has 
occurred,  there  is  some  pain  with  tenderness,  and  the  skin  over  the 
bursa  is  reddened, 

Trcatnu'ttt. — In  cases  where  suppuration  has  not  occurred,  aspira- 
tion followed  by  firm  compression  and  immobilization  of  the  part  is 
sufficient  to  effect  a  cure;  but  the  bursa  is  liable  to  become  again  dis- 
tended with  fluid,  in  which  case,  if  it  is  accessible,  it  may  be  freely  laid 
open  and  curetted  and  the  skin  united  over  it.  Complete  excision  is, 
however,  the  best  treatment  for  all  except  the  simplest  forms  of  chron- 
ically inflamed  burs^.  The  bur.s;e  which  are  most  commonly  affected. 
and  are  therefore  brought  most  frequently  to  the  attention  of  the  sur- 
geon, are  those  about  the  knee. 

The  prepateilar  bursa  is  perhaps  more  commonly  affected  than  all  the 
other  bursa:  in  the  body  together.  On  account  of  its  exposed  position 
on  the  tip  of  the  knee,  it  is  subject  to  frequent  injuries  and  much 
friction,  and  is  liable  to  all  the  forms  of  inflammation.  It  is  so  com- 
monly enlarged  in  domestics  as  to  give  rise  to  the  name  of  "house- 
maid's knee  '■  ( I'"ig.  392).     Occasionally  botli  knees  are  affected. 

The  bursa  mer  tlu  tubtrcU  of  the  tibia  is  occasionally  chronically 
enlarged  on  one  or  both  knees.  The  situation  of  the  swelling  over  the 
tubercle  of  the  tibia  (Fig.  393)  should  at  once  distinguish  it  from  the 
foregoing- 

'Pie  bursa  utuit-r  the  li_^anu'utum  /uUeUte  is  occ;isionally  enlarged  and 
tender — a  condition  which  may  resemble  joint -disease.  As  Lovctt  has 
pointed  out.  however,  there  is  in  inflammation  of  this  bursa  undue 
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prominence  on  each  side  of  the  ligamcntum  paU-llx,  especially  when 
the  knee  is  semiflexed,  and  at  the  same  time  the  normal  depressions 
at  both  sides  of  the  patella  remain  unaffected. 

The  bursa  under  the  quadriecps  extensor  tendon  usually  cnmniuni- 
catLS  with  the  joint  and  partakes  in  its  infliimmations.  but  it  may 
enlarge  on  its  own  accoun!:.  forming  a  projecting  mass  about  3  or  4 
fingers'  breadth  above  the  patella. 

The  bursa  behvecn  the  tendon  of  the  semimembranosus  aftd  the  inner 
head  of  tlu  gastrocnemius  is  quite  frequently  enlarged,  forming  a  glob- 


•»\% 


Fia.  39a.— Enlarged  prepatellar  buna. 


Ftu.  393.— Enlargvmrat  of  the  bum  over 
tubercle  of  tibia. 


FlO.  3W  -  i' nl'i'j,v.f  imrsn  b«nr«cB  iti«  ten* 
don  of  thr  wrmimcnibfanoous  and  ibc  tnitn 
hciid  of  \\\K  i[astrt>cncinlu9. 


ular  fluctuating  swelling  at  the  inner  side  oi  the  popliteal  space,  espe- 
cially prominent  and  tense  during  extension  of  the  knee  (Fig.  394). 

Other  bursa:  in  the  body  occasionally  affected  are  (i)  in  the  U])pef 
extremity,  the  subdeltoid  bursa  (when  it  is  liable  to  be  mistaken  for 
disease  of  the  shoulder-joint) ;  the  bursa  ot*er  the  tip  of  the  oleeranon 
(miners'  elbow) ;  and  that  betrt'cen  the  tendon  of  the  trieeps  and  olecra- 
non (the  swelling  is  on  both  sides  of  the  tendon):  (2)  in  the  lower 
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extremity,  the  suhg!utcai  barstg  (between  the  gluteal  tendons  and  ihc 
great  trochanter) ;  tlu  bursa  ofrr  tJu  tuber  tsckii  (*'  coachman's  bursa  *' 
or  **  weavers'  bottom  ") ;  tk£  bursa  bchiteH  the  Uiacus  tendoH  aitd  the 
capsule  of  tfu  kip-jmnt ;  the  bursa  m-er  the  as  ca/ris  and  /Aaf  betztYem 
the  tendo  Achillis  and  thi  os  ca/cis ;  the  bursa  iK-er  the  outer  ma//iWus 
(tailors'  bursa);  and.  lastly,  the  bursa  ener  the  head  of  the  tNitatarsai 
biffte  of  the  ^eat  toe  (the  enlargement  of  which  is  called  **  bunion  "). 

Banion. — Though  the  icna  usually  refers  to  an  cnlarj;cU  bursa  at 
the  :>itc  above  mentioned,  it  is  also  applicable  to  any  enlarged  bursa 
over  any  bony  prominence  about  tne  toes. 
When  it  exists  over  the  head  of  the  metatarsal 
bone  of  the  first  toe,  it  is  almost  always  asso- 
ciated with  an  undue  prominence  of  that  part 
of  the  bone,  caused  by  a  deviation  oi  the  great 
toe  outward  (hallux  valgus)  (Fig.  395).  This 
deviation  in  the  direction  of  the  toe,  and  the 
development  of  a  bunion  on  the  prominent 
head  of  the  metatarsal  bone,  arc  generally,  if 
not  always,  due  to  the  same  cause — viz..  the 
continuous  wearing  of  boots  of  such  faulty 
shape  that  all  the  toes  are  crowded  together 
and  the  bony  prominences  are  subjected  to 
constant  friction. 

A  bunion  is  usually  associated  with  more  or 
less  pain  and  disability'.  It  is  especially  liable 
to  inflamnjation  whcnacr  the  conditions  which 
originally  caused  the  bunion  are  nllowed  to 
continue.  Occasionally  sujjpuration  occurs, 
when  the  pain  and  tenderness  become  extreme 
and  the  clisahilit>*  complete.      If  the  case  is 

neglected,  pus  may  break  through  the  skin  (leavnng  a  sinus),  or  into  the 
cellular  tissue  (causing  cellulitis  in  the  entire  neighborhood),  or  into  the 
joint  (resulting  in  destructive  arthritis). 

The  most  important  step  in  the  treatment  of  bunion.s  i.i  the  removal 
of  pressure,  and  this  may  be  accomplished  in  the  early  stages  by  the 
use  of  properly  shaped  boots  or  shoes,  which  should  liave  abundant 
space  in  the  tip  to  receive  all  the  toes  without  crowding.  If  inflamma- 
tion occurs,  an  ice-bag  may  be  applied,  or,  what  is  often  better.  Imt 
creolin  foot-baths  may  be  frequently  used,  the  foot  being  ele\*ated 
betwcen-times  and  enveloptd  in  hot  moist  dressings.  If  suppuratimi 
takes  place,  the  pus-cavity  should  be  laid  open  freely,  scraped,  washed 
with  hydrogen  pcroxid,  and  drained.  If  the  joint  is  involved,  artlircc- 
tomy  or  e\en  amputation  of  the  toe  may  be  required. 


Flo.  JOS.— Ihinicn  with  hal- 
lux viUgus. 


CHAPTER    XXIV. 

CRANIAL  SURGERY. 

Anatomical  Peculiarities  of  the  Scalp. — When  considering 
diseases  and  injuries  of  the  scalp  it  will  be  proper  to  remember  certain 
anatomical  peculiarities.  The  hairy  skin  is  intimately  united  with  the 
tendon  of  the  occipitofrontalis  muscle,  and  together  they  move  freely 
over  the  bones  of  the  head,  loose  connective  tissue  being  interposed 
between  the  two.  Blood  or  pus  will  tend,  therefore,  to  be  diffused  in 
contact  with  the  bones,  raising  the  scalp.  In  exceptional  cases  this 
extends  over  the  whole  vault  of  the  cranium.  There  is  free  communi- 
cation between  the  veins  outside  the  skull  in  the  scalp  and  the  sinuses 
inside  the  skull  adjacent  to  the  brain.  Hence  inflammation  of  the  veins 
without  extends  easily  to  the  veins  within.  The  same  may  be  said  of 
the  lymphatic  channels.  The  presence  of  hair  on  the  scalp  in  greater 
or  less  quantity  tends  to  retain  in  connection  with  the  skin  tnuch  dirt, 
and  in  injuries  of  the  scalp  the  most  important  thing  to  remember  is 
that  the  wound  becomes  infected  with  great  rapidity,  and  the  usual 
results  follow.  Inflammation  occurring  in  the  scalp  will  extend  and 
give  rise  to  a  great  swelling.  The  blood-tumor  so  often  seen  after 
injury  will  be  under  the  scalp  adjacent  to  the  bone,  and  may  be  so 
excessive  as  to  raise  the  entire  scalp  into  a  lai^e  puffy  tumor. 

nSJURIES  AND  DISEASES  OF  THE  SCALP. 

^juries  of  the  Scalp. — Contused,  lacerated,  or  incised  wounds  of 
the  scalp  are  met  with,  some  penetrating  to  the  skull,  and  others  not 
It  is  usual  in  surgical  treatises  to  consider  these  various  forms  of  scalp- 
injury,  yet  I  think  that,  apart  from  the  recognition  of  the  actual  amount 
of  injury  existing,  as  one  method  of  treatment  is  applicable  for  all  of 
them,  they  may  be  spoken  of  together.  There  is  no  class  of  injuries 
which  in  the  past  has  given  more  trouble  or  at  the  present  time  is  more 
capable  of  being  rendered  innocuous  than  the  class  under  discussion. 
The  treatment  is  as  follows :  The  scalp  is  to  be  shaved  over  and  adja- 
cent to  the  seat  of  injury,  cleansed  by  free  scrubbing  with  a  nail-brush, 
preferably  sterilized,  using  much  hot  water  and  alkaline  soap,  then  using 
alcohol.  This  cleansing  is  to  be  extended  to  torn  and  bleeding  sur- 
faces. If  the  wounds  are  lacerated,  as  in  railwaj' injuries  and  machinery 
accidents,  and  dirt  and  grease  ground  into  the  tissues,  by  means  of  the 
nail-brush  with  soap,  ether,  and  alcohol  the  tissues  are  to  be  rendered 
clean.  Ragged  and  very  much  lacerated  edges  are  to  be  trimmed  ofT 
Wounds  extending  under  the  scalp  are  to  be  slit  up  and  scrubbed. 
Briefly,  the  entire  wounded  surface  is  to  be  treated  in  such  a  way  that 
there  are  no  undermined  tracks  or  hidden  dirt.  Then  the  edges  of  the 
wounds  are  to  be  brought  together  lightly,  not  tightly,  by  silkworm-gut 


WJURJES  AND  DISEASES  OF  THE  SCALP, 


7«5 


sutures,  n  voliimmoiis  (Ircs«!iiig  of  gaitrc  and  coiion  is  to  be  applietl, 
and  a  bandage  to  hold  cverj'ihintj  snugly  in  place.  Outside  of  all  a 
plastcr-of- Paris  bandage  or  crinoline  banda^^c  will  be  useful.  Such  a 
dressing,  if  applied  over  properly  cleansed  surfaces,  can  remain  without 
disturbance  until  healing  ts  complete.  It  is  better  not  to  bring  loijcther 
the  scalp-edyes  closely,  fin-  nttlhing  is  more  certain  to  induce  suppura- 
tion than  the  tension  from  tif;h[  suturitii;.  The  blecdinj;  which  is  usual 
after  scalp-injuries  will  be  arrested  bj-  Hgaturc  or  by  sutures  passed 
deeply  under  a  spurting  vessel  by  means  of  a  curved  needle.  Thorough 
licinostasis  is  necessary  before  the  wound  is  closed. 

An  ifKiMii  wuuTiil  uf  Chc  m:u!])  du»  t>ul  rcii|iiire  a  sharp  Jiitlnimeut  for  il.i  production. 
The  vaiilr  of  ihc  cranium  on  mif  sicle  nnd  a  tliU  bnrd  b«idy  an  the  othw  will  prr*?  the  valp 
and  Ki  i^ve  rise  to  an  inciMd  wound.  A  full  un  t}ie  jinvL-incnl  i*  an  excclleiil  exiLni[>le  i>(  a 
Mrnighl  cWn  w(mn<l  pnuluccd  in  thi*  wny,  Whcrr  the  injury  is  overs  larj^c  swriacc  nnd 
nlhcr  »liintint[,  not  directly  luviard  the  »^fA\,  a  Irioiigulni  fla]i  uf  xalp  in  torn.  OLxaMonally, 
after  llic  licaliti|>  tif  M:al|)- wounds  ncumlgia  of  a  tnnri:  or  lese  prunonnccd  ch&mcter  results. 
This  is  due  to  the  cnuin{[lemeni  of  a  nerve  in  the  cicatrix.  If  the  pain  does  not  pnu  awaj 
after  the  ti»(nx  is  well  funned,  il  may  be  necessary  lo  dissect  the  ocrve  out  of  the  KRr,  or 
cut  it  across  proKimsI  lo  the  point  where  ciimprew«<l,  so  as  to  give  relief. 

Celltllitis  of  the  Scalp.— Cellulitis  of  the  scalp  occurs  in  both 
chronic  and  acute  forms.  As  an  acute  infection  it  follows  an  injury, 
and  the  usual  symptoms  will  be  present.  It  extends  rapidly,  with 
marked  constilulional  symptoms,  and  the  resulting  effusion  rapidly 
becomes  purulent.  As  the  blood-  and  nerve-supply  of  the  scalp  comes 
from  the  periphery,  sluujjhing  oftlie  scalp  and  gangrene  are  not  usual ; 
hut  repair  is  slow,  and  unle.ss  the  pus  is  e\acuated  by  incisions  there  is 
danger  of  purulent  infection  through  the  veins  which  communicate 
with  the  interior  of  the  skull  and  the  tliploc;  then  ihu  prognosis  is 
extremely  grave.  Circumscribed  cellular  inflammation  is  often  scren, 
the  result  of  traumatism  with  consequent  infection.  The  occurrence 
of  numerous  abscesses  of  the  scalp  indicates  a  diminished  resisting 
power  of  the  tissues;  it  exists  with  constitutional  wt-akness  such  as  is 
associated  with  tuberculosis  in  children,  etc. 

Chronic  cellulitis  of  the  scalp  is  often  syphilitic,  and  there  is  a 
decided  tendency  for  the  inflammatory-  process  to  occur  in  the  middle 
line. 

Erysipelas  of  the  Scalp. — This  is  more  apt  to  be  seen  as  an  cxtouioD  from  adja- 
cent p«n^,  notably  (tie  face,  for,  while  the  scnlp  can  He  cleaned  nnd  VqM  clean,  the  face, 
edge*  uf  the  iiu»ttils.  etc..  where  cracks  iu  the  ikiii  occim.  can  never  t«-  krpt  lurgically 
rinin.  Here  erysipelas  dt.es  nul  differ  fnim  that  which  is  seen  elsewhere,  |Cxccpt  that 
swelling  i*  Krcatcr.  nnd  extension  by  why  of  the  venous  and  lymphatic  channcln  from  the 
scalp  to  the  meninges  is  to  be  feared.  1"he  involvrmcnl  of  ihe  whole  scalp  is,  of  course, 
more  dan^jenrux  than  the  involvement  of  only  a  piirtiori,  for  iherchy  nu>rc  ways  of  infertion 
toward  the  mi-runKc^  will  he  involved.  In  negTV«  the  Mush  uf  erysipelas  will  not  be  apjwr- 
ent  if  ihe  patient  tie  dark-hued.  Cireat  swelUnjt  of  the  ears  occurs,  ami  the  eyelids  re-setn- 
blc  bladders  of  water  if  they  t>ecoine  instilved  in  the  dinease.  Medication  will  ttol  differ 
from  that  calleil  for  in  the  cnnditinn  occurTing  elsewhere  iii  Ihe  body.  The  reader  i»  re- 
ferred to  the  chapter  on  SuTifciy  of  the  Nkin,  in  Volume  II.  of  this  work. 

It  is  untrue  that  sutures  of  the  scalp  difTer  from  sutures  elsewhere 
in  being  mt>re  dangerous,  as  they  were  considered  to  be  by  the  older 
writers.  It  was  the  dirty  methods  employed,  and  not  the  sutures,  tliat 
permitted  erj'sipelas  to  occur. 

Abscesses  are  met  with  in  the  scalp,  as  elsewhere,  cither  single  or 
multiple.     The  usual  sj'mptoms  are  present,  and  early  opening  called 
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for.  The  injecUori  of  cocaJn  into  the  skin — 2  per  cent  solution — will 
render  the  opcnitit^  painless. 

Gangrene  of  the  scalp  occurs  in  two  forms :  one.  the  locaHzc-d 
condition  fullduing  severe  crush  which  interferes  with  the  circulation 
and  gives  rise  to  a  slough  which  is  aisl  olT.  being  seen  generally  in 
torn  ends  and  flaps  which  have  not  been  trimmed  away  by  the  sur- 
geon ;  the  other  is  the  acute  spreading  form,  characterized  by  ga.*  in 
the  tissues,  and  tending  rapidly  to  constitutional  sepsis.  This  is  fortu- 
nately a  very  rare  disease,  and.  if  successfully  treated  at  all.  is  to  be 
treated  by  deep  and  extensive  incisions  followed  by  continuous  irri- 
gation, and  if  this  is  not  possible,  then  by  frequently  changed  com- 
presses wet  with  weak  corrosive-sublimn,ic  solutions  or  hot  water. 
Hospital  i^iini^riNc  may  be  met  with  in  the  scalp. 

Carbtmcle  is  seen  on  the  scalp  as  an  extension  from  the  neck, 
wlierc  it  is  often  found.  As  a  primar>*  disease  of  the  scalp  it  calls  for 
immediate  curetting. 

Ulcers  of  the  scalp  are  seldom  met  with  save  as  an  evidence  of 
syphilis.  The  well-known  line  at  the  border  of  the  hair  in  front  may 
be  taken  as  an  example.  There  is  a  tcndcnc}'  for  syphilitic  ulceration 
of  the  sc:i!p  10  occur  in  the  middle  line. 

Tumors  of  the  Scalp,— Hematoma.— Extravasation  of  blood 
under  the  scalp  is  evidence  of  injury,  and  .sometimes  gives  a  cluc  to 
the  situiitinn  of  a  broken  bone. 

Pneumatocele. — Two  kinds  of  tumors  of  the  scalp  containing  air 
arc  met  with.  One  of  these  follows  a  break  in  bone  communicating 
with  the  air-passages — the  nasal  bone  and  the  ethmoid  cells.  Wlien 
the  patient  attempts  to  blow  his  nose,  air  is  forced  into  the  subcuta- 
neous tissue,  causing  emphysema  which  may  extend  over  a  great 
portion  of  the  scalp.  The  ordinar>'  symptoms  of  cinpliysema  arc 
present,  and  no  harm  need  he  expected  to  follow.  The  air  is  sponta- 
neously absorbed.  With  the  healing  of  the  original  uijury  the  ten- 
dency for  the  escape  of  air  into  the  tissues  disappears.  Tlie  other  form 
is  called  pntumiihHrh\  and  means  a  circumscrilx-d  swelling  containing 
air.  which  swelling  is  of  gradual  formation,  and  indicates  a  bony  non- 
traumatic defect — developmental,  perhaps,  The  tumor  is  slov^iy  devel- 
oped, and  sometimes  the  bony  defect  will  be  found  at  a  distance  from 
the  [joint  where  the  gasenus  swelling  exisLs.  Pneumatocele  rarciv 
disappears  by  itself  permanently,  but  \\\\\  require  incision  and  packing, 
or  an  injection  with  iodin  solution,  as  may  seem  best.  The  most  cer- 
tain way  is  to  close  the  defect  in  the  bone  by  plastic  oi)eralion.  A 
waterj'  tumor  under  the  scalp — ccphalhydrocclc — will  be  referred  to 
under  Fractures. 

Wens. — The  most  common  tumor  of  the  scalp  is  the  wen,  or 
setiaceous  cyst,  which  may  occur  in  any  situation,  but  is  most 
often  found  beneath  the  haiiy  scalp,  single  or  multiple.  They  var>- 
from  vcr>-  small  ones  to  those  the  size  of  a  fist,  contain  the  usual  seba- 
ceous matter,  arc  sontetimes  adherent  to  the  skin  at  one  point,  and  in 
most  cases  offer  no  diRiculty  of  diagnosis.  Suppuration  is  occasionally 
met  with  in  them  as  the  result  of  infection  from  without,  poiisibly  by 
means  of  the  duct,  and  after  the  contents  ha\e  been  evacuated  innam- 
niation  results.     Such  cases   have  been  mistaken   for  epithelioma.     A 
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wL-11  is  to  bt:  removed  by  incision,  c;ire  being  tnkcri  that  the  entire  sac 
is  cxtraclctl,  tithcrwisi:  the  growth  will  recur.  L'nits.s  the  tumor  is 
very  lai^c,  it  is  nnly  ncccssarj'  to  split  the  skin  freely  and  turn  out  the 
growth;  where  a  tumor  is  vcr>*  soft,  more  care  is  required  to  get  rid 
of  the  sac;  but  in  either  case  it  will  conte  away  without  difficulty,  and 
must  be  removed  in  order  to  avoid  recurrence.  It  is  rarely  necessary 
to  close  the  woimd  by  suture.  The  edges  cjf  the  skin  Cfjme  together, 
and  a  pad  of  gauze  hcUl  by  ;i  bandage  is  sufficient.  The  line  of  inci- 
sion and  the  adjacent  skin  are,  of  course,  to  be  shaved  and  cleansed 
before  operation. 

Dermoid  cysts  arc  infrequent  in  the  scalp,  though  often  seen 
under  the  outer  half  of  the  c)-cbrow,  the  situation  of  a  branchial  fissure. 
They  arc  not  adherent  to  the  skin,  which  moves  freely  over  them,  but 
rest  in  a  depression  of  the  skull  which  may  be  so  deep  as  to  suggest 
a  perforation.  To  this  depression  dermoid  cysts  are  adherent.  If  cut 
open,  hair  will  be  found  growing  from  the  inside  of  the  cyst.  I'lxcision 
is  the  only  treatment,  and  if  the  cj'st  is  under  the  c>'ebrow,  an  incision 
in  the  line  of  the  eycbroiv  will  leave  but  little  scar.  Occasionally, 
though  rarely,  a  prnlongalion  of  the  derninid  cyst  is  found  within  the 
cranium,  anil  a  neck  cnnnccts  the  two  portions;  or  one  may  extend 
from  the  temporal  region  into  the  orbit.  It  is  important  lu  differentiate 
between  dermoid  cyst  and  a  protrusion  of  the  brain  or  its  meninges. 
The  diagnosis  will  rest  upon  the  fact  that  the  tumor  i.t  not  situated  near 
a  suture,  has  no  a])preciable  ajx;rture  through  the  skull  under  it,  is  not 
reducible,  does  not  change  its  tension  by  charging  the  attitude  of  the 
patient,  and  is  not  affected  by  sneezing,  crying,  and  especially  sleeping. 


I  [I  -   Vi^  —  ••■■11  hl.i.  .n'.i  i>\   i".<%sf  .ilj> 

If  removal  be  [wrfomu-d  aseptically,  even  if  a  protrusion  of  the  brain 
be  present,  no  harm  will  result.  Where  there  is  an  intracranial  and 
an  extracranial  portion  of  the  dermoid  cyst,  the  skull  is  to  be  chis- 
elled away  and  the  intracranial  portion  removed. 

Cutaneoas  horns  growing  from  the  scalp  have  been  noted  in  a 
number  uf  eases,  iuul  are  surgical  curiosities.     If  excision  of  tlie  base 
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of  the  hnrn  upon  which  it  is  iinplnnlcil  in  ihc  skin  be  done  al  the  time 
of  the  o]3eniiion,  iht;  tendency  to  return  will  be  reduced  to  a  niinimum. 
These  tumors  bear  close  relationship  to  the  [lapiltomata,  and  are  of 
cpitlielial  origin. 

Fatty  tumors  of  the  scalp  nrr  nir.     N^^en  §aper(ici*1.  there  »  little  difGcully  In 

the  [lin|;nu^i»  ;  wiicn  MUialcil  umter  ihe  uccipilurDntaliii  icntliin.  n  diagnuns  is  iin|Hi)Ml>le 
withciiil  tncisi'in.  Tlm^c  ihfil  hare  fnllfn  undtrr  my  (ibservalinii  were  superlK'ial  and  were 
OQt  difficult  f)\  rccu|jtiili»ii.  C^tiK-  wai  xilimteil  ju»l  alxjve  Itic  <.h.-ci^1«I  prutnbcfaate  in  the 
middle  line,  another  above  the  root  of  the  nose. 

Hard  fibroma  is  rarely  met  with  in  the  scalp,  but  a  soft  fibroma, 
fibroma  nioliuseuni,  is  not  unusual.  Such  growths  are  extremely  vas- 
cular, and  excision  is  to  be  done  after  full  preparation.  The  term 
pachydermalocdt-  was  given  to  this  form  of  fibroma  by  writers  in  the 
past.  Soft  fibroma  of  the  nerve-sheath  has  been  noticed  on  the  side 
of  the  scalp  near  the  ear.  These  tumors  may  be  very  hair)*,  which 
fibroma  molluscum  is  not. 

Keloid. — Keloid  attached  to  the  lobe  of  the  ear  in  the  negro  is 
extremely  common,  but  it  may  appear  at  any  place  where  there  is  a 
scar. 

Teratoma. — This  form  of  tumor  is  found  about  the  head  rarely. 
The  tumor  is  recognized  shortly  after  birth,  and  grows  slowly  at  first. 
From  the  tenth  year  a  more  rapid  increase  is  likely  to  take  place.  The 
shape  and  size  follow  no  rule.  A  diagnosis  is  nachcd  by  excluding 
other  forms  of  growth, 


Flii.  397. — Teratoma  over  the  oceipitat  bone. 

The  e»Bni|ile  presenteil  herewith  (  Imr.  397)'  **-■*  successfuny  remaved  fmai  a  child  ifpnl 
fourteen  iii  whnin  the  growth  was  nolited  cliiring  ihr  tir*l  year  an't  girw  verv  xlrtwly,  Al^er 
thr  Irnlh  year,  hnwcvet,  gnmlli  wa&  ap|)areiiu  ami  during'  Uie  eighteen  (nouths  before  Dprra- 
Tion  wa»  rapid.  Thr  luiimr  wn«  fcnmcl  (n  ironiiiin  hnne  and  rartilage,  Miriatrd  nnKnlar  fiber, 
«nd  one  joinl  which  rcKeiiihlcd  the  »Jiuulder-juitil  »c>iiiewliat. 
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Anthrax  of  the  Scalp. — AiUhrax  of  the  scalp  is  vct>-  rare  in 
America,  althnuj^ii  it  is  jinib^lily  met  with  more  ofluii  abtiiit  tlie  face 
than  anywhere  uise.     The  usual  synijitnm.s  will  be  present. 

In  fl  f<i*c  T«ently  iti  ihc  writrr'*  care  itifcrltf.n  wa<  ni  ihc  tia*'](  of  lh«  nock  rlo«  to  the 
cige  uf  ttie  liiiir,  unii  muc)i  ifUetuu  eictcnilcfi  Lu  uml  invulvctl  lite  Kalp  (I'lg.  3981. 

Vascular  Tiitaors. — Aneurysm  of  the  scalp  is  rare,  usually  con- 
cerns the  tL-mjxiral  artery,  and  from  its  situation  is  easily  amenable  to 
treatment.     C-ir.soid  anctiry.sni  may 


be  so  extensive  as  to  involve  much 
of  the  scalp.  When  adjacent 
arterial  trunks  arc  enlarged  and 
unite,  forming  a  pulsating  tumor 
with  small  arteries  ;ind  c;ipillarit;s 
pulsating,  the  growth,  fortunntt-ly 
rare,  is  called  aneur>'sm  by  anasto- 
mosis. There  is  a  distinct  bruit, 
which  will  disappear  when  press- 
ure is  made  on  all  the  afreirnl 
trunks.  Pressure  closing  the  vts- 
Rels  i.s  the  most  simple  method 
of  treatment,  but  at  the  same 
time  one  which  rarely  is  siicccss- 
ful.  Ligature  of  the  vessels  alTer- 
cnt  to  the  tumor,  with  the  usumI 
aseptic  precautions,  will  give  a 
good  result;  sliould  recurrence 
lake  place,  it  may  be  expedient  to 
dissect  out  the  whole  tumor.  Com- 
munication between  an  artery  and 
a  vein  will  give  rise  to  dilatation 
and  varicose  ancuiysm,  a  condilioji 
which  was  not  infrequently  seen  at  the  bend  of  the  arm  when  phleb- 
otomy was  popular.  If  the  conimunicatioii  between  the  two  vessels 
can  be  found,  it  is  t<»  be  closed  by  ligature,  and  a  favorable  outcome 
follows.  The  tlilatation  of  a  sinus  within  the  head,  protruding  under 
the  .scalp  through  a  ileficiency  of  bone,  is  referred  to  elsewhere;  the 
su]>enor  longitudinal  sinus  is  always  at  fault. 

Blood-tumors  of  the  Scalp. — .\  blood-tumor  under  the  scalp 
may  occur  as  an  injur)'  at  an>'  time,  but  is  met  with  in  the  new-born 
under  the  name  of  cephalhemaioma,  anti  may  give  ri.se  to  a  susjiicion 
that  there  is  a  prolrusioti  friHii  within  the  skull,  or  that  a  fracture  of  tlie 
skidl  tluring  birth  has  taken  j)l ace. 

Malignant  Tumors  of  the  Scalp. — KpithcHoma  is  most  fre- 
quently seen,  is  met  vvith  in  middle  or  advanced  life,  and  presents  the 
usual  appearance  and  characteri-stics.  It  is  likely  thai  the  subject  of 
the  growth  will  show  scaly  pJitches  on  the  face.  KxiirjKiUon  means 
not  only  that  the  scalp  is  to  be  removed,  but,  if  nccess;ir)',  subjacent 
bone  also,  so  as  to  get  rid  of  the  disease  ;  after  which,  by  plastic  opera- 
tion or  by  grafting,  deficiency  in  the  skull  and  scalp  is  to  be  made 
good.    Secondary  growths  may  appear  in  the  scalp— protrusions  from 
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within  the  skull  or  nulgnnvtlis  frotn  the  cranial  bones — but  they  present 
no  features  requiring  nieniion  here. 

INJURIES  AND  DISEASES  OF  THE  SKULU 

Contusions  of  the  Skull  and  Incised  Wounds  not  Pene- 
trating the  Skull. — Tlic  iriniblcs  which  in  the  past  have  resulted 
from  contusions  and  iiun-peiietralrnfj  injury  to  the  skull  have  been 
larf^^'ly  caused  by  int'eclinn,  which  al  the  present  day  it  is  cs|>cctcd  will 
not  be  niL't  willi 

Non- inflammatory  Conditions  of  the  Skull. — At  birth  the 
skull  is  but  incompletely  ossified,  and  tiie  amount  of  bone-deficiency 
may  var>'.  Islands  of  bone  arc  met  with  in  fibraus  tissue,  and  lines  of 
suture  or  quite  large  areas  of  fibrous  tissue  may  exist  with  no  bony 
islands  whatever.  This  condition  very  rart-ly  jK-rsisls;  ossification  and 
gradual  closing  in  of  the  skull  are  the  rule.  Where  defective  ossifica- 
tion is  pennancnt,  a  protrusion  from  wiUiin  the  skull  may  take  place, 
constituting  cnccphnlocvU,  meningocele,  or  sinus  protrusion. 

(ireal  varialions  exiai  in  iho  Ihickness  of  different  skulls  as  well  ns  between  different  |i>m 
of  (he  •«n)r  »lciill.  Fmm  the  iwcnlV'tiflh  lo  tlie  fiflietli  year  ihc  <kkti1l  i«  llitckcU  :  ihen 
gradual  alru|ihy  (iccun.  uniil  in  extreme  a^e  the  cmnial  bancs  may  be  ven-  ihirt.  This  U 
ditr  TO  nn  aKv>rplir>n  nf  the  dipltif  and  a  c<ln^rl|nent  fu.^on  nf  ihr  Ivrti  Inhi^  of  the  >kull. 
The  ikull  tifiiie  iiejjn-t  i*  lliicker  Ihaa  thai  of  the  while  race,  (KcaMTin.ilI},  hiiwrvri.  wiih- 
nnt  known  (-niitr.  ihr  hi'ncs  will  he  found  uiululjr  thick,  even  nM«ivc,  wilhnui  diminithin)[ 
the  capacity  of  the  brain-cavity.  As  the  result  of  ricketa  (cnniotabu),  open  fuiiLitielt, 
wide  Milurea,  irregular  tiwificnliun,  pnilnbenint  forehwid,  and  a  softness  of  the  bonci  which 
]>emiils  uf  yjeldinK  under  t>rc-'*ure  nre  met  with.  Under  *uth  conditions  no  local  IreaUncnt 
i»  indieatet)  in  addition  tu  what  miiy  be  rojuitcd  f»r  ilie  general  diM.-H»e. 

Infiammatory  Conditions  of  the  Skull. — Acute  inflammation 

of  the  pcno-.teuni  is  the  result  uf  injury  with  acute  infection,  and  is  char- 
acterized by  the  usual  symptoms  of  periostitis.  It  is  more  often 
encountered  on  the  sides  of  tlie  head,  in  the  neighborhood  of  the  ears. 
A  rigor,  fever,  and  the  usual  symptoms  of  inflanmiation,  local  and  gen- 
eral, are  present.  Fus  becomes  diflfujicd  under  the  tendon  of  the  occip- 
itofrontalis,  which  is  raised  and  gives  free  fluctuation.  Pus  tends  to 
sink  down  in  the  zygomatic  fossa  and  point  near  tlie  angle  of  the  jaw. 
If  the  temporal  muscle  is  involved  in  the  inllammator>'  process,  the 
motion  of  the  lower  jaw  is  affected.  Phlebitis  and  the  extension  of 
the  inflammation  to  the  interior  of  the  cranium  through  the  medium 
of  communicating  veins  may  result.  Free  incision  is  called  for  as 
soon  as  a  diagnosis  is  made.  A  voluminous  dressing  of  gauze  wrung 
out  in  hot  water  is  to  be  applied  and  changed  frequently,  and  the  case 
treated  like  an  acute  bone-innammation  elsewhere.  The  flap  of  soft 
I>arts  which  has  been  raised  from  the  cranium  by  the  pus  usually  read- 
hercs  ;  but  this  is  not  always  the  case,  and  superficial  caries  of  bone  may 
result.  Chronic  inflanmiation  of  the  vatilt  of  the  cranium  is  met  with, 
but  it  is  rarely  painful,  is  always  slow  in  its  progress,  and  is  very  apt  to 
be  tubercular  or  syjjhilitic.  When  tubercular,  it  calls  for  free  opening 
and  curetting;  iodoform  dressing  should  be  employed.  Injection  of 
an  iodoform  emuLsion  into  tlie  cold  abscess  is  sometimes  of  advantage. 
Osteomyelitis  of  the  bones  of  the  head  is  ver}'  rai^e.  In  difTuser)  fiirm 
it  i&  rapidly  fatal,  pyemia  or  an  extension  of  inflammation  from  the 
bones  to  the  meninges  resulting. 
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The  treatment  will  be  that  fjivcn  in  ostronyL-Utis  elsewhere— 
namely,  vcn'  free  opening  throiigii  the  soft  parts,  and  cutting  by  chisel 
or  by  trephine  to  the  extent  that  nwy  seem  pruper.  The  tendency 
of  sueh  ;iii  osteitis  is  to  extend  toward  the  meninges  raiher  than 
toward  the  surface;  in  either  case  a  sequestrum  may  form,  wliich 
se[«irates  slowly.  (Jumnia  of  the  cranial  bones  is  not  unusual,  and 
may  result  in  perforation,  ICxtensivc  sequestra  form,  exposing,  after 
removal,  extensive  areas  of  granulating  dura.  Under  anlisyphilitic 
treatment  the  prog]iosis  is  fairly  good.  Sequestra  should  be  re- 
moved. The  shape  of  such  a  seque-strum  is  generally  rounded,  with 
irregular  edges.  The  process  of  separation  is  verj-  slow.  There  will 
exist  one  or  more  openings  through  the  scalp,  giving  exit  to  a  very 
profuse  discharge.  If  a  portion  of  the  skull  through  which  cranial 
nerves  pass  becomes  involved,  paralysis  follows.  Fatal  inflanintalion 
of  the  meninges  nirely  super\'enes. 

Ix^juries  in  utero  or  during  birth,  from  pressure,  are  occasionally 
recognized.  It  is  a  question  whether  epilepsy  in  childhood  may  not  owe 
its  origin  to  some  such  injuiy.  The  jiceidiarly  shaped  heads  occasion- 
ally met  with  in  young  children  may  result  horn  birth-pressure. 

Osteomata  of  the  skull  arc  verj"  rare,  and  may  occur  either  externally 
or  internally.  The  latter  arc  called  enostoses,  and  interference  with  the 
functions  of  important  jwrts  of  the  brain  may  result  from  them. 
Exostoses  are  not  so  infrequent  and  arc  of  ivor>-  hardness.  In  the 
orbit  an  outgrowth  of  bone  is  met  with.  They  are  commoner  during 
the  early  years  of  life,  and  cease  to  increase  when  the  skeleton  has 


Fig.  399.— Oileuma  of  the  Ironul  bor.' 

att;uncd  its  growth.  The  diffeR'niial  diagno.'iis  between  osteosarcoma 
and  osteoma  is  rarely  diflicult  (Fig.  399)-  The  length  of  lime  during 
which  the  symptoms  may  have  existed  usually  [lerniit-s  a  diagnosis  to 
be  made,  even  though  the  bone-tumor  project  into  a  cavity  so  as  not 
to  be  under  the  surgeon's  fingers.  Where  tiic  bone  projects  outwardly 
there  is  uo  difficult}'  in  diagnosi:). 
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Sarcoma  may  develop  in  the  skull  as  a  primary  or  a  sccondai 
growtli.     The  tiid^jnosia  is  not  difficult,  allhuugti  in  its  earlj'  stageil 
such  a  {growth  may  be  mistaken  for  a  guninuiious  tumor.     Pulsation, 
if  \-ascular,  bruit,  and  rapid  growth  will  cstablisli  the  diagnosis  (Fig. 
400).     Where  a  sarcoma  of  the  skull  grows  inward,  rapid  interference 


pin.  400. — SarcomA  of  The  skull  ^crcindary  In  tJtr<^oma  of  the  jaw. 

with  the  fiinctioTis  tif  the  brain  is  to  be  expected.  Its  increase  may  be 
at  first  cillier  slow  or  fast,  but  ^^ooner  or  later  rapid  increase  takes  place. 
Sarcoma  of  the  skull  is  probably  traumatic  in  a  number  of  cases.  The 
treatment  is  free  cxxision  together  with  removal  of  adjacent  parts.  The 
difficulty  of  effecting  this  is.  of  course,  evident.  If  the  growth  is  large, 
nothing  can  be  done;  if  small,  removal  of  the  bone  from  which  tlie 
growth  -st.irts  .md  the  covering  in  of  ihe  defect  by  bone  from  elsewhere 
are  expeiliutit. 

Carcinoma  of  the  Skull. — Carcinoma,  being  an  epithelial  prod- 
uct, occurs  in  the  skull  only  secondarily. 

LeotltiasiS. — This  name  is  given  lo  a  difluse  enlargement  of  the 

cranial  bones.  Its  name  and  the  appearance  of  the  skull  strongly 
sufiTgcst  tubercular  lepro.sy, 

Myxoma. — Those  Himors  arc  seen  sometimes  springing  from  the 
basdar  process,  and  may  completely  block  the  cavity  of  the  mouth. 
Their  removal  is  usually  attended  with  excessive  hemorrhage. 

CEREBRAL  LCXIAUZATION. 

There  are  certain  areas  upon  the  cortex  of  the  brain,  not  necessarily 
co-extensive  with  either  lobes  or  convolutions,  whose  functions  arc 
accurately  known.  These  areas  are:  i.  The  sensorimotor  area.  2. 
The  speech  areas.  3.  The  visual  area.  4.  The  auditory  area.  5. 
The  area  of  sensations  of  smell  and  of  taste. 
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The  stnsorimotor  area  includes  the  cortex  of  the  anterior  and  pOB- 
tcrior  central  convolutions  which  border  the  fissure  of  Rolando  and 
the  adjacent  cortex  m  front  of  and  behind  these  convolutions.  Each 
hemisphere  controls  movement  on  the  apposite  side  of , the  body;  but 
as  the  right  hainl  is  more  genirally  used  ;ind  is  better  trained  than  the 
left,  this  area  is  larger  un  ihc  left  hemisphere  than  «»n  the  right. 

The  cortex  of  the  posterior  part  nf  the  second  frontal  convolution 
controls  the  movements  of  the  eyes  and  head.  Impulses  starting  from 
this  area  produce  conjugate  movement  of  these  parts  toward  the  oppo- 
site side.  The  eye  district  is  below,  the  head  district  above.  The 
lower  third  of  the  anterior  aiul  posterior  central  eunvolutions  governs 
tlie  movements  of  the  face,  tongue,  larynx,  and  pharj'nx.  The  eye- 
brows and  cheeks  are  controlled  by  the  upper  and  forward  part  of  this 


Pig.  4til.— Funcliunal  nrcu  of  the  cetebml  coiicR  on  (lie  ligtil  lide  (Derctun). 

area;    the  tongue  and  larynx,  by  the  lower  and  foru-ard  part;   the 
mouth,  pharynx,  and  platysma.  by  the  hinder  part. 

The  middle  third  of  the  anterior  and  posterior  central  convolutions 
governs  the  movements  of  the  upper  extremity,  the  shoulder-motions 
being  controlled  in  the  anterior  and  up(x:r  part  of  this  area,  the  elbow- 
motions  in  its  middle  part,  and  the  hand-  and  finger-motions  in  its  pos- 
terior and  lower  part.  The  upper  third  of  the  anterior  and  posterior 
central  convolutions,  including  their  junction  in  the  paracentral  lobule, 
controls  the  motions  of  the  lower  extremity,  tlie  thigh,  knee.  foot,  and 
toes  being  governed  by  various  parts  of  this  area  from  before  back- 
ward in  the  order  named. 

It  will  bf  nnticcd  (hut  the  pads  Hitccptlblr  of  lh<'  fincnt  and  mod  d«1lcite  movements, 
Ibaw  diiCLlril  by  llir  inoM  ai  ulr  lenMlioiis — thtr  li|n,  the  fniKt^t^  aiLil  (he  toci — lie  fmthcil 
hflck  in  ihc^  motor  area,  rhicrty  in  ihe  poslrriot  rrnlnl  nirivoliiiii«i.  {.rMunt  iti  Uiii  innvo- 
lution  almom  alwAy»  caui«  uime  Ium  of  tactile  scnaitiou  in  addition  to  panlyHS  sikI  hrncc 
this  ar^a  i«  thougfal  to  br  the  scitt  of  lActilr  .<<nuiit>nf^  a«  well  %s  nf  inuvcninilt. 

There  are  no  sharply-defined  sections  of  the  motor  area  to  be 
assigned  to  special  motions.     Kach  motion,  each  part  of  a  limb,  has  a 
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wide  general  representition  over  the  cortex  and  a  special  represcnt.1- 
tion  at  a  limited  area.  Ilorstcy  says  that  the  areas  of  representation 
of  diflercnt  limbs  merge  into  one  another;  thus,  in  the  representation 
of  the  thumb  .wf  find  that  there  is  a  ft>ciis,  but  lliat  the  thumb  is  rcj>- 
resetitrd  over  ;i  j^reat  deal  of  the  iipjier-linih  region,  and  that  this  rep- 
resentation diminishes  Jn  intensit>'  j^radually  as  we  pass  from  the  focus 
upward.  This  explains  the  fact  that  the  excision  of  a  small  area  Hoes 
not  totally  iKtralyze  the  portion  of  tlie  limb  represented  chiefly  on  that 
area.  The  adjacent  areas  represent  to  some  extent  that  limb,  and 
hence  can  govern  it  if  need  be. 

The  spt\Yk-*irt-fjx  are  of  four  kinds  ani!  in  four  locations.  They  are 
limited  to  the  left  hemisphere  in  rifiht -handed  persons  and  to  the  right 
hemisphere  in  left-liandutl  persons.  There  is  the  motor  sf>erch-ttrea  in 
the  po.sterior  part  of  the  third  frontal  convolution,  in  which  the  move- 
ments concerned  in  the  iict  of  speaking  are  controlled.  The  use  of 
language  and  the  power  of  talking  are  aflecled  when  this  region  is 
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FK.  4"^ — Fiinciioiul  areas  ol  ih«  «r«t>ral  ccrtvx  on  ili«  l«lt  side  iDercura). 

destroyed.  There  is  the  autiHory  sptfcfi-area  in  the  first  and  second 
temporal  convohiiions,  in  which  the  memories  c)f  word-sounds  arc 
stored  up.  The  understanding  of  language  and  the  power  of  recol- 
lecting the  names  of  objects  are  lost  when  this  region  is  destroyed. 
There  is  the  visua/  if>ccch-arca  in  the  lower  parietal  region,  in  wfitcli 
the  memories  of  printed  words  arc  stored  up.  The  understanding  of 
written  Iangua};e  and  the  power  to  read  are  lost  when  this  region  is 
destroyed,  The  power  of  writing  is  a  part  of  speech,  and  is  usually 
lost  when  tlie  niutor  sjieech-area  is  destroyed,  but  its  exact  location  is 
not  fully  iltrtermined ;  some  cases  point  to  the  second  frontal  convo- 
lution, others  to  the  lower  parietal  convolution  near  the  hand-center,  as 
its  probable  cortical  position. 

The  ana  of  sfnsatwns  of  sight '\%  located  in  the  occipital  lobe  of  the 
brain,  including  the  cuiieus  on  tlie  median  surface  and  the  occipital 
convolutions  on   the  convexity.    The  cortex  l>^ng  in  the  calcarine 
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fissure  is  tilt*  part  [irimarily  reached  b>-  the  \nsu;il  iminilws.  but  the 
parts  named  are  also  concerned  in  visii»n.  Each  occipital  lobe  receives 
impressions  from  one  half  of  both  eyes,  hence  a  lesion  in  one  lobe 
produces  hemianopsia,  a  half-blindness  in  both  eyes,  the  blind  field  of 
vision  being  on  the  o])posite  side  to  the  lesiim. 

The  area  of  u'nseific/fn  of  souiul  is  hicatcd  in  the  first  and  sccniul 
temporal  convolutions  of  the  brain.  Each  car  is  connected  with  h(tth 
hemispheres;  hence  deafness  from  a  unilateral  lesion  is  only  partial, 
and  is  not  generally  noticed,  (^n  the  other  hand,  if  both  temporal 
lobes  arc  destroyed,  the  patient  becomes  totally  deaf. 

The  area  of  sensations  of  smelt  and  task  is  located  al  Ihc  lip  of  the 
temporal  lobe,  on  its  under  anti  inner  surface,  whveh  rests  on  the 
sphenoid  bone,  Each  lobe  is  relateil  to  sensory  organs  on  boih  sides, 
and  a  unilateral  lesion  does  not  often  produce  tioliceable  symptoms. 

There  appears  to  be  a  certain  relation  between  the  frontal  lobes 
of  the  brain  and  the  higher  forms  of  intellectual  activit}',  the  powers 
of  fixing  the  attention  and  of  reasoning  and  self-control ;  but  disease 


FK.  403. — Ucdun  surbce  of  the  riehl  hemisphere  (after  Ecker). 

here  does  not  cause  a  loss  of  any  one  mental  faculty,  and  for  the 
higher  powers  of  the  mind  a  general  integrity-  of  (he  entire  bniin,  not 
of  any  one  part,  is  necessary-.  When  it  is  considered  that  every  con- 
cept is  made  up  of  numerous  memory-pictures  joined  together,  each 
of  which  has  a  sejxirate  location  in  tlie  brain-cortcx,  it  becomes  evi- 
dent that  to  the  process  of  thought  a  healthy  slate  of  the  entire  cortex 
is  necessary,  and  also  of  the  white  matter  beneath  it.  through  which 
the  associating  fibers  pass.  It  is  therefore  iin|x>ssible  for  a  single 
lesion  anywhere  to  cause  a  loss  of  memory,  or  of  imagination,  or  of 
judgment  Yet  for  the  co-ordination  of  facts  into  orderly  series,  for 
comjKirison,  and  for  analysis  of  knowledge  gained  through  the  senses 
a  healthy  state  of  the  frontal  lobes  appears  lu  be  necessary.  Lesions 
in  the  frontal  region,  especially  upon  the  left  side,  are  quite  uniformly 
attended  by  mental  dulncss.  apathy,  lack  of  power  of  concentration, 
and  imperfect  self-controL 

The  cortex  of  the  hemispheres  upon  the  base  of  the  brain  lying  on 
the  orbital  plate,  on  the  sphenoid  and  temporal  bones,  and  on  the  ten- 
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torium  ccrcbdli  has  as  yet  no  as^i^iablc  fiirctions.  and  lesions  in  these 
regions  do  not  produce  recognizable  symptoms. 

The  crura  cerebri,  pons,  and  medulla  contain  the  centers  of  the 
various  cranial  nerve-nuclei,  and  hence  cranial  ncrvc-palsics  are  caused 
by  disease  in  tijeni.  Tbey  transmit  motor  and  sensory  tracts  to  the 
spinal  cord,  hence  numerous  symptoms  apjiear  when  the\'  are  injured. 

The  cerebellum,  lying  in  the  posterior  cranial  fos.'ia  beneath  the 
tentorium  ccrebcUi,  controls  the  equilibrium  of  the  body ;  hence  dis- 
turbances of  the  nature  of  staggerinj^  and  vertigo  are  produced  by 
lesions  affecting  it,  especially  if  its  median  lobe  is  involved. 

It  wilt  thus  be  seen  that  cerebral  localization  has  to  do  mainly 
with  two  fissures — the  fissurt;  of  Rolando  ant]  tlie  fissure  of  Sylvius. 
It  is  iniportani  that  the  relation  between  the  external  surface  and  the 
various  cerebral  convolution-s  should  be  capable  of  recognition;  other- 
wise, operations  undertaken  through  the  skull  would  neces.sarily  be 
much  in  the  dark.  To  find.  then,  the  fissure  of  Rolando  the  foIlou*ing 
method  is  to  be  adopted ;  Trace  a  line  along  the  vertex  from  the  root 
of  the  nose  to  the  posterior  occipital  protuberance,  and  find  the  mid- 
dle <if  this  line.  From  a  point  i  inch  jiosterior  to  this  middle  spot 
draw  a  line  downward  and  forward,  making  an  angle  of  67  degrees 
with  the  middle  line.  This  line  will  lie  over  the  fissure  of  Rolando. 
Two  metal  strips  joined  at  an  angle  of  67  degrees  arc  usually  employed 
to  find  the  Rolandic  fissure,  the  place  of  joining  being  made  to  corre- 
spond Willi  the  point  already  referred  to.  If  one  limb  of  the  angle  be 
placed  along  the  median  line,  the  other  will  correspond  to  the  Rolandic 
fissure.  The  Rolandic  fissure  is  about  3I  inches  long,  and  the  lower 
end  of  it  dips  rather  suddenly  down  from  the  middle  line,  and  there- 
fore the  last  half-inch  does  not  quite  correspond  to  the  strip  of  metal. 
The  fissure  of  SyUHus  ts  found  as  follows:  From  the  lower  margin  of 
the  orbit  to  tlie  external  auditory  meatus  a  line  is  to  be  drawn.  Draw 
a  second  line,  parallel  with  the  preceding,  from  the  external  angular 
process  of  the  frontal  bone  backward  i^  inches,  then  upward  from 
the  end  of  this  \  inch  ;  mark  this  point  r.  From  the  top  of  the  i>an- 
etal  eminence  draw  a  line  downward,  perpendicular  to  the  base  line, 
and  mark  a  point  J  inch  below  the  eminence ;  this  is  point  2.  Join 
points  I  and  2,  and  the  line  will  lie  over  the  fissure  of  Sylvius.  The 
Sylvian  fissure  is  about  4  inches  long, 

CONTUSION  AND  CX>NCUSS10N  OF  THE  BRAIN. 

This  is  met  uith  to  a  greater  or  less  extent  as  an  accompaniment  of 
violence  to  tlie  skull.  Mild  concussion  occurs  without  structural 
change  of  the  brain.  Where  the  concussion  is  greater,  it  will  be  proper 
to  use  the  word  "  contusion  "  to  indicate  the  cerebnU  injuries,  which 
may  be  small  capillary  hemorrhages.  This  may  lake  place  with  or 
without  fracture  of  the  cranium.  The  contused  portions  of  Uie  brain 
may  soften  or  be  ab.sor!>cd,  scar-tissue  subsequently  resulting.  It  is 
rare  for  abscesses  to  form,  since  bacteria,  in  the  absence  of  a  wound. 
could  reach  the  injured  locaitt)"  only  by  the  circulation. 

Contusions  of  the  brain  occur  not  only  at  the  point  struck  but  at  the 
)pposite  side — counter-stroke — of  the  skull.    Contused  areas  also  occur 
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in  other  portions  of  the  brain  than  thr>se  imniLtliately  opposite  the  seat 
of  injury.  A  still  more  extensive  injury  to  the  brain  tlian  "contusion" 
is  called  a  "  laceration."  In  this  the  amount  of  lieniorrhaijc  may  be 
increased,  so  as  to  justify  tlie  term  *' intracranial  hemorrhage."*  It  is 
not  always  possible  to  differentiate  between  concussion  and  contusion 
in  iheir  varying  degrees.  Contusion  necessarily  Implies  concussion, 
but  concussion  may  exist  without  contusion.  There  are  several  theories 
a.s  to  the  cause  of  concussion — one,  that  tlic  vibration  is  transmitted 
to  the  brain,  another  that  the  6uid  within  the  ventricles  is  violently 
displaced — both  of  which  are  accepted  by  eminent  authorities. 

The  symptoms  present  will  vary  with  the  injury  to  tlie  brain. 
After  a  concussion  with  niomentarj'  unconseiousness  the  patient  may 
recover  promptly  and  go  on  with  his  vocation.  A  more  severe  con- 
cussion is  fullnwecl  by  a  period  of  unconsciousness,  feeble  circulation, 
pale  surface,  and  relaxation  of  the  muscularsystem,  from  which  recovery 
is  slower.  Vomiting  may  take  place  with  the  beginning  of  recovery. 
Relaxation  of  the  sphincters  occurs  rarely,  and  only  when  the  concus- 
sion is  severe.  Dissimiiarity  between  the  symptoms  on  the  two  sides 
of  the  body  will  indicate  something  ntore  than  concussion — a  contu- 
sion with  injury  to  one  hemisphere  more  marked  than  the  other.  The 
greater  the  contusion  to  the  brain  and  the  greater  the  effusion  of  blood, 
the  more  slowly  will  the  patient  recover.  Recovery  may  be  preceded 
by  delirium,  mental  disturbance,  and  excitement.  Should  any  portion 
of  the  brain,  however,  sufl'er  special  injurj'.  the  symptoms  will  point  to 
that  part.  When  contusion  and  disorganization  of  brain-substance 
have  taken  place,  not  only  will  shock  be  iirolongcd.  but  repair  may  be 
expected  to  take  place  slowly,  varying,  of  course,  with  the  amount  of 
contusion.  The  function  of  that  part  of  the  brain  which  suft'ercd  con- 
tusion may  be  permanently  impaired.  The  contusion,  if  the  violence  be 
great,  may  go  on  to  the  extent  of  laceration  and  destruction  of  a  suf- 
ficient amount  of  brain-substance  to  produce  death. 

The  diagnosis  between  concussion,  contusion,  and  apoplexy  is  one 
of  degree,  and  Linless  the  symptoms  indicate  injur}'  to  a  definite  region 
of  the  brain,  it  may  be  difficult.  The  symptoms  mentioned  under  the 
head  of  Intracranial  Hemorrhage  must  be  held  in  mind.  The  tempera- 
ture in  concussion  will  probably  be  subnormal ;  in  contusion,  unless 
immediately  after  the  receipt  of  the  injur}',  the  temperature  will  be  a 
little  elevated,  and  may  be  expected  not  to  fall  to  normal  at  once,  the 
time  depending  upon  the  amount  of  intracranial  lesion.  From  alcohol- 
ism the  diagnosis  of  concussion  depends  largely  upon  the  ability  of  th* 
physician  called  to  see  the  patient  to  recognize  the  odor  of  alcohol 
upon  the  patient's  breath.  Vet  alcoholic  patients  arc  frequent  subjects 
of  concussion,  owing  to  their  inability  to  retain  their  equilibrium. 

The  coma  of  uremia  must  be  differentiated  from  intracranial  violence 
as  well  as  from  alcoholism.  The  rule  should  be  absolute  that  the 
urine  of  an  unconscious  patient  brought  into  hospital  should  be  exam- 
ined at  once,  a  catheter  being  used.  Should  no  urine  be  present  in  the 
bladder,  the  clothes  of  the  patient  wilt  show  whether  any  has  been 
passed  recently  ;  and  in  the  absence  of  urine  cither  in  the  bladder  or  on 
the  clothing  a  strong  suspicion  of  uremia  is  aroused.  If  urine  is  found 
to  contain  albumen  and  casts,  eta,  the  diagnosis  is  made.     Of  course. 
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it  is  net  impossible  that  a  uremic  p:iticnt  may  fall  and  hurt  hts  head,  but 
ihe  uremia  is  the  important  point.  An  injured  man.  if  transported  a 
certain  distanci.-.  his  body  lightly  clad  and  exposed  to  cool  air,  will 
show  albuminous  urine  when  he  enters  hospital,  yet  by  the  next  day  it 
may  not  be  present  This  is  due  undoubtedly  to  the  chilling  of  the 
surfiicc. 

Treatment. — A  diagnosis  is  first  made,  l(  possible,  then  reaction 
is  to  be  induced  by  proper  methods,  but  should  not  be  allowed  to  be 
loo  violent.  Rest  in  a  recumbent  posture  is  required  wiUi  the  head 
low.  if  the  pulse  be  weak,  and  hypodermics  of  strychnin.  If  the  sur- 
face be  cold,  dry  heat  should  be  applied.  As  the  symptoms  improve 
or  the  reverse,  so  will  treatment  be  changed.  Large  hot  eneniata  of 
water  containing  two  ounces  of  black  cofifee  seem  to  be  beneficial  where 
collapse  is  profound.  The  amount  of  strychnin  wliich  can  be  given 
under  such  circumstances  is  large:  ■^  gr.  every  half  hour  until  four 
doses  have  been  given.  For  restlessness,  laudanum  in  a  little  black 
coffee,  say  2  or  3  drops  every  quarter  of  an  hour,  is  given  by  ihe 
mouth.  If  the  unfavorable  symptoms  be  not  relieved,  the  foot  of  the 
table  may  be  elevated,  but  only  when  symptoms  of  brain  anemia  are 
presL-nt.  If  the  symptoms  stiJl  fail  to  improve,  it  is  [jossible  that  some 
sign  pointing  to  a  dcHnitc  portion  of  the  brain  may  appear,  and  to  this 
the  surgeon  should  direct  his  treatment. 

FRACTURE. 

Anatomical  Considerations. — The  cranium  is  made  up  of  bones 
intimately  united  along  certain  lines  of  suture,  which  permit  of  no  move- 
ment between  adjacent  bones  save  in  the  very  young  child.  These 
bones,  especially  in  the  base  of  the  skull,  are  perforated  so  as  to  per- 
mit the  passage  of  important  structures.  The  spinal  canal  joins  the 
cranial  cavity  at  the  foramen  magnum.  The  bones  of  the  vault  of  the 
cranium  are  made  up  of  two  plates  of  bone  with  intervening  cancel- 
lated structure,  the  outer  table  thick  and  strong,  the  inner  table  tJiin 
and  brittle. 

The  amouni  of  cancclUtnl  lisstw?  vari*?s  wiih  ■pp.  Warning  in  early  chililhnnH,  in  adnlt 
Wie  it  i*  fmind  in  iis  |>m)i<^ii  rxioni,  nnd  ilirn  \i\-  aliiorplion  diminishes  in  old  age.  Hence 
in  the  v«ry  yuuitE  and  the  a^cd  Ui«  crmiiuin  i^  ihiiinrM.  ThtMc  is  it  niitahlc  dtffcrrni'c  in 
ihc  ihiclsncM  of  the  hon^%  rnrmiiie  differrni  *L'wlN.  and  this  apparently  without  ihe  exinlTnce 
of  di!«eafre.  In  early  childhuod  wt  \mm\vs  iiiuve  M>tn«wluil  u[>un  eai;h  ulher ;  durinff  and 
after  yinilli,  nnl  nt  nil.  The  mAh*  of  the  hend.  the  squntnous  portion  of  the  temporal  bon^t. 
have  liulc  or  no  diplof.  The  base  t>f  the  »kuil  i>  cuiii|xi»rd  of  canccllatnl  stnicture  almuhi 
entirely,  thin  pEiiIrs  nf  hone  only  euvenn);  in  the  enncel latcd  sinicture.  Air-eeIN  arc 
developed  durioK  adolescence  and  adult  life  in  cerlain  ponions  of  the  »kull — lor  instance, 
the  fionUl  and  ctlinioid  minuses,  'i'hci^  sinuses  do  not  diminish  in  size  with  advancinf;  ^van 
as  does  the  cancellated  ti«isuc  in  the  vault  of  the  cranium,  l>ut  remain  permanently.  Tlie 
free  (;onimunication  of  veins  between  the  inside  and  the  oiitside  of  the  >kull  lut  been 
referred  tu  already. 

TncompUtc  fractures — that  is.  fractures  not  extending  through  both 
tables — are  rarely  met  with  except  where  the  frontal  sinuses  exist. 
As  there  is  separation  here  between  the  two  tables,  much  injury  may 
be  done  to  the  lorehead  and  yet  the  brain-box  not  be  broken.  If  the 
fracture  of  the  frontal  sinuses  be  compound,  the  secretion  from  the 
mucous  membrane  lining  the  sinus  iiuty  be  mistaken  for  brain-tissue. 
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Incomplete  fractures  of  the  cranium  elsewhere  arc  usually  the  result 
of  knife-  or  sabrc-wounds  delivcfed  wiih  much  violence,  which  shave 
off  a  flap  of  cranium  and  bone  togetlitr.  Incomplete  fracture  is  of 
importance  only  so  far  as  it  has  to  do  with  the  complications,  such  as 
sepsis,  for  instance.     I-'racturcs  of  the  inner  table  arc  referred  to  later. 

I'Vactures  of  the  cranium  arc  considered  under  the  heads  of  Simple, 
Compound,  Comminuted.  Complicated,  Complete  or  Incom])lete,  Direct 
or  Indirect,  Fissured,  etc.,  as  arc  other  fractures;  but  it  must  be  kept 
in  mind  that  cvciy  fracture  of  the  cranium  is  complicated  by  the  close 
vicinity  of  the  brain  and  its  coverings,  and  that  it  differs  in  this  respect 
from  fracture  of  other  parts.  The  shape  of  the  skull,  as  a  whole,  being 
roughly  that  of  a  globe,  it  breaks,  when  subjected  to  violence,  in  a 
manner  quite  different  from  the  skeleton  elsewhere.  Not  only  the 
point  where  the  injury  i.s  received  may  give  way,  but  the  violence  will 
travel  to  a  distant  region  and  in  some  ca-ses  cause  a  fracture,  the  inter- 
vening bone  remaining  intact.  In  like  manner,  transmitted  violence 
may  be  expended  not  upon  bone,  but  upon  the  dura,  which  closely 
adheres  to  the  inner  surface  of  the  skull,  producing  rupture  of  a  blood- 
vessel and  intracranial  bleeding.  In  other  instances  the  brain  itself 
will  receive  the  violence,  and  disorganization  of  the  nervous  matter 
result.  Injur>"  to  bone  always  is  to  be  held  of  secondary  importance, 
the  matter  of  first  importance  being  the  injury  to  the  nervous  system. 
This  should  never  be  forgotten. 

Fracture  of  the  Vattlt  of  the  Cranium.— Fracture  of  the  vault 
is  usually  the  result  of  direct  violence  applied  over  a  limited  surface. 
If,  on  the  other  hand,  violence  is  attended  by  much  momentum,  the 
force  is  diffused,  and  a  fissure  may  be  found  lo  travel  from  the  point 
struck  to  some  distant  region.  A  quick  sharp  bIo\^',  then,  produces  a 
local  fracture;  violence  with  momentum,  a  fissure.  The  direction  in 
which  the  fissure  travels  is  not  always  certain,  and  the  mechanism  by 
which  it  is  produced  is  not  always  plain.  In  injury  to  the  vault  of  the 
cranium  from  without,  the  inner  table  will  be  fnictured  over  a  larger 
area  than  tlie  outer  table,  and  a  comminution  of  the  inner  table  may 
take  place  and  one  or  more  of  the  fragments  be  turned  on  edge,  so  as 
to  irritate  the  adjacent  dura.  If  violence  be  done  from  within  the 
.skull,  as  by  a  pisiol-bullct  passing  through  the  skull,  at  the  wound  of 
exit  the  outer  table  will  be  broken  over  a  larger  area  than  the  inner. 
As  an  extremely  rare  condition  the  amount  of  violence  may  be  suf- 
ficient to  break  tlio  inner  table  without  fracture  of  the  outer  table.  An 
example  of  this  is  in  tlie  Medical  Museum  at  Washington. 

A  sudden  sharp  blow,  breakin-^  the  vault,  will  depress  the  bone, 
which  gives  way  along  several  lines.  The  amount  of  depression  will 
depend  on  the  violence  and  the  shape  of  the  vulnerating  weapon.  The 
apex  of  the  depression  will  press  against  the  dura,  which  may  give 
way.  so  that  the  bratn  is  t«»rn  by  the  rough  bone-edges,  while  the  sides 
of  the  cone-shapetl  ilepresriion  will  be  the  fragments  of  skull  driven  in 
but  remaining  attached  to  the  unbroken  vault.  Should  the  violence 
be  extreme,  fragments  of  bone  arc  detached  from  the  skull  and  driven 
bodily  into  the  brain.  The  inner  table  is  always  more  extensively 
comminuted  than  the  outer  tabic,  although  the  dura  will  give  way  to  a 
Ies.s  extent  tlian  the  miter  table. 
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Depression  of  bone  sufficient  to  force  in  the  dura  without  causing 
that  membrane  to  fjive  way  is  liable  to  contuse  the  brain  and  cause 
subdural  hemorrhage.  Permanent  depression  of  bone  without  fracture 
does  not  occur  except  in  very  early  life,  yet  a  portion  of  cranium  may 
be  farced  iinvard  and  give  way  tn  llie  line  of  several  fissures,  resuming 
its  normal  position  when  the  force  is  removed ;  these  fissure*  are  ap)>a- 
rently  insignificant,  yet  they  are  plainly  fractures. 

Fracture  of  the  skult  without  depression  is  apt  to  take  the  shape 
of  a  fissure,  which  may  be  compound,  with  or  without  depression;  if 
depression  exist.  efiTusion  of  blood  under  the  intact  scalp  promptly 
fills  the  depression  and  raises  the  scalp  so  as  to  mask  the  injurj-.  If 
the  scalp  gives  way,  tl»ere  ts  external  bleeding,  and  the  depressed  bone 
is  plainly  exposed  to  sight  and  touch. 

Brain-shock,  then.  Is  to  be  accepted  as  a  first  result  of  injury  to  the 
vault  of  the  cranium  ;  whether  this  shock  be  accompanied  by  hemor- 
rhage or  disorganization  of  the  brain  or  nut,  the  observer  will  not  be 
able  at  once  to  recognize.  Depression  uf  bone  can  generally  be  made 
out  by  careful  cxiimination.  although  the  scalp  may  not  be  divided, 
If  there  is  much  ePfusion  about  the  seat  of  injur>',  and  the  scalp  is  not 
divided,  recognition  of  the  fracture  is  difficult.  Attention  should  be 
directed  to  the  fact  that  after  an  injury  to  the  scalp  with  efiTusion  of 
blood  between  the  scalp  and  the  skull,  the  periphery  of  the  effusion 
in  the  course  of  two  or  three  days  becomes  hard,  wliile  the  center 
remains  still  soft,  thus  giving  to  the  examining  finger  the  sensation 
of  a  depressed  fracture,  when  in  fact  the  bone  is  intact.  Excellent 
surgeons  have  been  misled  by  this.  Gentle  and  steady  pressure  will 
usually  suffice  to  press  aside  any  effusion  or  clot,  and  enable  the  exam- 
ining finger  to  recognize  fracture  if  any  depression  be  present  Where 
a  fissure  without  displacement  exists,  such  an  examination  is  negative. 
When  a  diagnosis  is  uncertain,  the  surgeon  should  not  hesitate  to 
divide  the  scalp  and  inspect  the  injured  region.  Aseptic  precautions 
arc,  of  course,  called  for. 

A  fissure-fracture  starting  from  the  vault  where  injured  will  gener- 
ally travel  toward  the  base,  and  there  is  a  general  tendency  for  fract- 
ures in  the  front  or  middle  or  posterior  part  of  the  vault  to  extend 
toward  the  fossa  at  the  base  of  the  skull  corresponding  to  the  portion 
of  the  vault  injured.  Fissures  of  the  anterior  portion  of  the  skull  arc 
apt  to  involve  the  roof  of  the  orbit  and  anterior  fossa ;  those  of  the 
posterior  part  of  the  head,  the  cerebellar  fossa ;  and  those  of  the  central 
portion  of  the  head,  the  middle  fos.sa  of  the  base.  The  fissure  which 
begins  by  running  horizontally  will  usually  turn  downward  toward  the 
base,  but  the  mechanism  by  which  longitudinal  fissures  of  the  cranium 
are  produced  is  not  well  defined.  In  depressed  fracture  the  hncs  of 
fracture  will,  of  course.  var>'  with  the  violence  and  its  direction,  also 
the  amount  of  depression  and  the  amount  of  comminution.  Occasion- 
ally, although  violence  has  come  from  without,  a  fracture  of  the  vault 
of  the  cranium  has  resulted  not  in  a  depressed  but  in  a  raised  fragment 
of  bone.  In  these  cases  a  pointed  missiles-chisel — has  entered  the 
skull  and  pried  the  broken  portion  above  the  surrounding  surface. 

Fracture  of  the  base  is  usually  considered  as  occurring  not  by 
direct  violence,  but  rather  by  counterstroke.  conire  coup.     This  latter  is 
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the  case  where  fracture  cX  the  base  follows  an  injur}*  to  the  vault,  the 
inter\'cning  bone  bi-ing  intact.  But  where  \noIencc  done  to  the  vault 
results  in  an  injurj'  which  Iravcls  from  the  ]»r»int  .struck  dnwii  into  the 
base,  in  the  form  of  a  fissure,  it  is  more  accuraieU-  described  not  as 
countcrstroke,  but  as  direct  violence  travcllinfj  continuously  along 
the  skull  wall.  The  mechanism  by  which  the  fracture  by  counter- 
stroke  takes  place  has  been  variously,  but  not  alwa>-s  satisfactonly, 
explained.  The  most  proliable  view  at  present  is  thai  from  llic  point 
where  the  violence  i.s  received  a  wave  is  transmittal  through  the  semi- 
fluid brain  and  delivered  at  some  distant  point,  protlucing  a  nocture 
there.  This  would  be  more  easily  understood  if  the  cranium  were  a 
perfect  sph«rc.  and  the  region  of  the  counterslrokc  fracture  were 
al^vays  directly  opposite  where  the  violence  is  first  received.  Such  Li 
not  the  case,  however,  and  therefore  various  buttresses  in  the  skull 
itself  are  regarded  as  tending  to  diffuse  shock.  an<l  thus  produce  fract- 
ure in  a  somewhat  irregular  way.  It  is  considered  that  the  vault  of 
the  cranium  is  ribbed  anatomically,  the  ribs  running  up  toward  the 
vcrtc.\  from  the  frontal  region,  the  external  angular  process  of  the 
frontal,  the  mastoid  process,  and  behind  from  the  occipital  protuber- 
ance. In  the  middle  line  in  front,  from  the  root  of  the  nose  upward,  a 
rib  may  be  considered  to  extend,  and  rarely  if  ever  will  a  fracture 
passing  from  the  vertex  downward  follow  these  rtlis.  but  always  run 
between  them.  The  lransmi.^sion  of  violence  along  the  walls  of  the 
cranium  was  at  one  time  the  accepted  theory.  I  scarcely  think  that  at 
the  present  day  any  one  view  of  the  counterstrokc  will  be  found  to 
apply  to  all  cases.  Where  the  fissure  starts  from  the  point  struck  and 
extends  continuously  into  a  distant  part  of  the  cranium,  there  is  no 
doubt  that  the  shape  and  con.sistcncc  of  the  bone  have  much  to  do 
with  the  line  of  fracture.  Coimterstroke  injury  is  not.  however,  limited 
to  bone-tissue,  for  contusion  of  the  brain  and  rupture  of  blood-vessels 
may  occur,  both  of  which  are  of  infinitely  more  importance  than  the 
fracture  of  bone. 

Kissure-fractures  pursue  their  course  independently  of  sutures. 
When  \4olcnce  is  done  to  the  vault  of  the  cranium,  it  is  probable  that 
a  certain  amount  of  depression  takes  place,  and  that  the  l>one  from  it* 
own  elasticity  regains  it  shafie.  If  the  violence  is  continued  until  the 
bone  gives  way,  the  bones  may  or  may  not  resume  their  shape.  Where 
a  fissure  has  been  produced  and  the  bones  have  taken  their  position 
again,  diagnosis  without  a  wound  of  the  soft  parts  i.s  nnt  possible.  In 
a.  certain  number  of  cases  of  this  kind  the  vulneruting  force  has  carried 
hair  against  the  bone  (compound  fractures),  which  hair  has  been  caught 
in  the  fissure,  and,  on  inspection,  appears  to  be  growing  directly  from 
the  bone. 

In  childhood,  when  the  bones  are  .softer  and  more  clastic  than  later, 
having  little  cancellated  structure,  a  depression  without  fracture  may 
exist 

The  roof  of  the  orbit,  when  broken,  gives  u-ay  most  irregularly. 
There  are  instances  of  fracturt  of  the  roof  of  the  orbit  where  the 
fracture  was  comminuted  and  the  fragment*  were  turned  up  on  edge 
so  as  to  irritate  the  dura.  The  anterior  fossa  of  the  base  has  been 
broken  by  injury  received  on  the  occiput,  counterstrokc  gi^ng  rise  to 
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comminution  of  the  orbit  roof  TTie  case  of  a  late  chief  magistrate  of  the 
United  States  who  suflTcrcd  fracture  of  both  orbital  plates  from  a  pistol 
bullct-wound  of  the  occipit  has  become  classical.  The  anterior  fossa 
of  the  base  is  occasionally  wounded  by  direct  violence  through  the 
orbit.  Cases  are  recorded  where  an  umbrella-point  or  a  foil  hax  been 
thrust  through  the  roof  of  the  orbit,  the  skin-wound  being  so  small  a* 
to  escape  notice,  so  that  the  fracture  was  not  recognized  until  fatal 
meningitis  had  occurred.  The  anterior  fossa  may  suffer  injury  by 
direct  violence  through  the  nose.  The  middle  fossa  of  the  base  of  the 
skull  is  more  often  broken  than  cither  the  anterior  or  posterior,  though 
rarely  by  direct  violence.  The  break  is  generally  due  to  a  fissure^ 
which  extends  from  the  vault  through  the  root  of  the  zygoma  and  th« 
petrous  portion  of  the  temporal  bone,  breaking  the  tympanum  and! 
possibly  extending  to  the  basisphenoid.  The  cerebellar  fossa,  as  has' 
been  already  said,  is  more  apt  to  be  broken  by  injury  done  to  the  back 
of  the  skull,  and  the  fissure  will  be  found  running  more  or  less  for- 
ward from  the  point  struck,  and  may  0|X'n  into  the  foramen  magnum. 

Prog:iiOSis  of  SkttU-fracttire. — ThL-re  is  generally  an  increasing 
mortality  in  fractures  of  the  cranium  from  before  backward,  the  least 
mortality  attending  fractures  in  the  front,  and  the  greatest  mortality  in  ■ 
the  occipital  region  ;  this  applies  both  to  the  vault  and  the  base.  Per-  ■' 
haps  the  supposed  larger  mortality  in  the  occipital  region  may  arise 
from  the  fact  that  cases  escape  our  observation,  and  the  severe  wounds 
alone  are  recognized. 

Puncttire  fracttires  may  of  course  occur  any\\*here.  and  are  char- 
acterized by  a  small  wound  both  in  the  soft  parts  and  in  the  cranium,  ^ 
perhaps  insignificant  in  appearance.  The  inner  table  of  the  skull  will  fl 
be  broken  to  a  greater  extent  than  the  outer,  and  fragments  of  it  are 
apt  to  be  carried  into  the  brain.  Septic  matter  is  frequently  inoculated, 
so  that  operation  is  called  for.  In  gunshot  wound,  operation  is  not 
always  iiulicatcd.  The  anterior  fossa  of  the  skull,  as  well  as  the 
middle  fossa,  is  in  relation  with  cavities  by  wliii:h  ins|>cction  become3^| 
possible — namely,  the  nose,  the  orbit,  and  the  auditory  canal.  In™ 
suspected  fractures  of  the  anterior  fossa,  effusion  of  blood  is  very  apt 
to  travel  forward  in  the  sheath  of  the  optic  nerve  and  spread  out  over 
the  ball  of  the  eye.  making  its  appearance  as  a  subconjuncii\';iI  hema- 
toma. Tliis  may  extend  up  to  the  cornea  and  obscure  tile  sclerotic.  Sub- 
sequent to  this  heiiinrrhagi,-  the  lids  or  intra-firbital  tissues  may  Ijecome 
edematous  and  discolored,  but  always  after  the  subconjunctival  effusion. 
Ordinary  "black  c\c  "  from  contusion  is  vcr>*  common,  but  here,  the 
lids  being  .separated,  the  eye  will  be  found  normal.  If  fracture  should 
take  place  tlirniigh  the  olfactory  plate,  much  blood  ^vould  be  expected 
to  flow  from  the  nose ;  but  bleeding  from  the  nose  is  such  a  ver^*  com- 
mon accident  after  liead-injur>-  that  as  a  diagnn.stic  sign  it  carries  very 
little  weight.  Fracture  of  the  middle  fossa  of  the  skull  will  give  rise 
in  certain  cases  to  bleeding  from  the  ear.  Here  the  fracture  has  torn 
the  drum  of  tlic  ear,  and  has  extended  through  the  middle  car  and  pe- 
trous portion  of  the  temporal  bone,  opening  the  subdural  space.  Under 
such  conditions,  the  flow  of  blood,  ceasing  in  twenty-four  to  thirt\*-six 
hours,  is  succeericti  by  a  llow  of  watery  ftuid,  first  blood-stained,  then 
clear.     This  is  cerebrospinal  fluid,  and  is  highly  characteristic  of 


fracture  in  the  localitv  ■stated.  In  one  or  two  case*  the  bleeding  has 
E^en  fouled  by  a  limited  llnw  of  water,  and  yet  suteequcn  exam.na- 
tion  ha  not  shown  that  the  fracture  extended  into  the  ^?"bdur.I  space 
sols  to  Kive  exit  to  cerebrospinal  fluid;  here  .t  15  be  .eved  that  the 
fluid  pnur'd  out  is  from  the  libyrinth.  It  is  a  -^'"'  ^""^^^'^•fl^^i^ 
is  so  rare  that  a  flow  of  hSood  from  the  ear  followed  by  «at.ry  fimd 
nnvbt  tlken  as  diagnostic  of  fracture  into  the  middle  foss.  opening 
"7subdu,;i  sp:.ce.     The  apertur.-s  through  -;l^-]^the^cnjmal^  ncrvc^ 
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comminution  of  the  orbit  roof.  The  case  of  a  late  chief  magistrate  of  the 
United  States  who  suffered  fracture  of  both  orbital  plates  from  a  pistol 
bullet-wound  of  the  occipit  has  become  classical.  The  anterior  fossa 
of  the  base  is  occasinn;ilty  wounded  by  direct  violence  tiirough  the 
orbit.  Cases  are  recorded  where  an  umbrcIla-point  or  a  foil  has  been 
thrust  through  the  roof  of  the  orbit,  the  skin-wound  being  so  small  as 
to  escape  notice,  so  that  the  fracture  was  not  recogTiized  until  fatal 
meningitis  had  occurred.  The  anterior  fossa  may  suffer  injury  by 
direct  violence  through  the  nose.  The  middle  fossa  of  the  base  of  the 
skull  is  more  often  broken  than  either  the  anterior  or  posterior,  though 
rarely  by  direct  violence.  The  break  is  generally  due  to  a  fissure 
which  extends  from  the  vault  through  the  root  of  the  zygoma  and  the 
petrous  portion  of  the  temporal  bone,  breaking  the  tj-mpanum  and 
possibly  extending  to  the  basisphenoid.  The  cerebellar  fossa,  as  has 
been  already  said,  is  more  apt  to  be  broken  by  injury  done  to  the  back 
of  the  skull,  and  the  fissure  will  be  found  running  more  or  less  for- 
ward from  the  point  struck,  and  may  o(>en  into  the  foramen  magnum. 

Prognosis  of  Skull -fracture. — There  Is  generally  an  increasing 
mortality  in  fractures  of  the  cranium  from  before  backward,  the  least 
mortality  attending  fractures  in  the  front,  and  the  greatest  mortality  in 
the  occipital  region  ;  this  applies  both  to  the  vault  and  the  base.  Per- 
haps the  supposed  larger  mortality  in  the  occipital  region  may  arise 
from  the  fact  that  cases  escape  our  observation,  and  the  severe  wounds 
alone  are  recognized, 

Puncttire  fractures  may  of  course  occur  an>':i^,'hcre,  and  are  char- 
acterized by  a  small  wound  both  in  the  soft  \yaris  and  in  the  cranium. 
perhaps  insignificant  in  appearance.  The  inner  table  of  the  skull  will 
be  broken  to  a  greater  extent  than  the  outer,  and  fragments  of  it  are 
apt  to  be  carried  into  the  brain.  Septic  matter  is  frequently  inoculated, 
so  that  operation  is  called  for.  In  gunshot  wound,  operation  is  not 
always  indicated.  The  anicrlor  fossa  of  the  skull,  as  well  as  the 
middle  fossa,  is  in  relation  witli  cavities  by  which  inspection  becomes 
possible — namely,  the  nose,  the  orbit,  and  the  auditor)*  canal.  In 
suspected  fractures  of  the  anterior  fossa,  effusion  of  blood  is  ver>-  apt 
to  travel  forward  in  the  sheath  of  the  optic  nerve  and  spread  out  over 
the  ball  of  the  eye.  making  its  appearance  as  a  subconjuncti\-aI  hema- 
toma. This  may  extend  up  to  the  cornea  and  obscure  the  sclerotic.  Sub- 
sequent to  this  hemorrhage  the  lids  or  intra-orbital  tissues  may  become 
edematous  and  discolored,  but  always  after  the  subconjunctival  effusion. 
Ordinar)' "  black  eye"  from  contusion  is  vcrj- common,  but  here,  the 
lids  being  separated,  the  eye  will  be  found  normal.  If  fracture  should 
take  place  through  the  olfactory*  plate,  much  blood  would  be  expected 
to  flow  from  the  nose ;  but  bleeding  from  the  nose  is  such  a  very  com- 
mon accident  after  head-injur>'  that  as  a  diagnostic  sign  It  carries  very 
little  weight.  Fracture  of  the  middle  fossa  of  the  skull  will  give  rise 
in  certain  cases  to  bleeding  from  the  ear.  Here  the  fracture  lias  torn 
the  drum  of  the  car,  and  has  extended  through  the  middle  ear  and  pe- 
trous portion  of  the  temporal  bone,  opening  the  subdural  space.  Under 
such  conditions,  the  flow  of  blood,  ceasing  in  twcntj'-four  to  thirty-six 
hours,  is  succeeded  by  a  flow  of  watery  fluid,  first  blood-stained,  then 
clear.     This  is  cerebrospinal  fluid,  and  is  highly  diaractcristic  of  a 
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Irachirc  in  the  locnlity  .stated.  In  one  or  two  cases  the  bleeding  has 
been  followed  by  a  linn'tetJ  Huw  of  water,  and  yet  subsequent  examina- 
tion has  not  shown  that  the  fracture  extended  into  the  subdural  space 
so  as  to  give  exit  to  cerebrospinal  fluid;  here  it  is  believed  that  the 
fluid  poured  out  is  from  the  labyrinth.  It  is  a  surgical  curiosit}'.  and 
is  so  rare  that  i\  flow  of  blood  from  the  car  followc<l  by  watery  fluid 
may  be  taken  as  iti;iynnstic  of  fracture  into  the  middle  fossa,  o|X:ning 
the  subdural  space.  The  apertures  throujjh  which  the  cranial  nerves 
pass  may  be  invoked  in  a  fracture,  and  the  Implication  of  the  corre- 
sponding nerves,  with  disturbances  of  their  function,  will  assist  the 
surgeon  in  making  a  diagnosis.  Tracturcs  of  the  posterior  fossa  give 
no  external  evidence  o(  bleeding,  but  one  may  sometimes  fuid  consider- 
able swelling  in  the  posterior  nares  or  pharynx. 

In  case  a  depressed  fracture  or  a  hemorrhage  involves  the  motor 
area,  valuable  information  as  to  its  extent  and  situation  may  be 
aflbrdcd. 

Healing  Skull -fractures. — Fractures  of  the  skull  heal  with  little 
callus.  When  loss  of  bone  is  extensive,  the  hiatus  will  rarely  be  closed 
by  bone.  Strong  fibrous  tissue 
bridges  over  and  fills  up  the  open- 
ing, and  occasionally  contains 
small  fragments  of  bone.  Thi'- 
scar-tissue  may  be  so  firm  as  tn 
give  to  the  examining  finger  a  sen- 
sation of  bone,  and  a  dis.section 
may  be  necessary  in  order  to 
recognize  the  material  with  which 
the  defect  ts  closed.  Reimplanta- 
tion of  bone  after  fracture  with  loss 
of  bone  may  sometimes  close  a 
defect,  and  in  other  cases  necrosis 
after  a  certain  period  will  necessi- 
tate the  removal  of  the  implanted 
bone.  Repair  of  skull-fractures  is 
slow. 

The  Treatment  of  Skull- 
fracture. — A  depressed  fracture 
of  the  skull  (vertex)  which  is 
allowed  to  remain  unelcvatcd  m:u 
gjive  rise  to  most  serious  symptoms 
— epilepsy,  etc.;  and  since  clean 
operations  on  the  skull  are  fol- 
lowed by  a  minimimi  of  risk,  it  is 
allowable  at  the  present  day,  in  a 


Flu.  ^*f— I^"  «f  fronUl  bone  and  nrunj* 
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case  of  uncertainty,  to  incise  the  skull  over  the  supposed  fracture,  and 
by  sight  and  touch  recognize  the  condition  of  affairs  (Fig.  404).  This 
is  belter  than  the  uncertainty  nf  a  possible  depressed  bit  of  bone, 

For  elevation  of  depressed  bone  the  trephine  is  vcrj*  rarely  needed. 
Thc  sharp  corner  of  the  chisel  can  generally  be  inserted  between  some 
of  the  depres.sed  fragments,  and,  one  after  another,  they  can  be  raised 
into  position  or  removed.  It  is  essential  to  examine  carefully  the  under 
surface  of  depressed  fragments,  and  make  sure  that  all  the  loose  pieces 


on  the  subject,  broken  bone  had  better  be  removed  cnlircly  than  left 

with  a  [K*ssibility  of  setting  up 
future  trouble,  That  a.  de- 
pressed fracture  will  necessarily 
kill  a.  patient  if  let  alone  is  not 
truL'.  In  a  certain  number  of 
cases  epilepsy  develops  as  a 
result  of  such  pressure,  but  in 
some  others  absolutely  no  symp- 
toms are  recoRnizcd,  and  the  pa- 
tient Icad-s  as  useful  and  as  long 
a  life  as  if  there  were  no  depres- 
sion whatever.  These  are  the 
rxcf]Jtions  only,  and  tJie  occur- 
rence now  and  then  of  such  a 
case  is  to  be  looked  upon  as 
a  surgical  curiosity,  and  not  as 
nil  index  to  treatment  Rough 
edges  arc  always  to  be  smoothed, 
.md  then  the  scalp  closed  over  the 
scat  of  operation.  Arrest  of  hem- 
arrhape  is  to  be  effected  by  liga- 
ture, and  the  scalp  closed  lightly 
and  not  tightly,  as  advised  under 
Hi;,  406.— LDssofbofii-itraumaticisbyAiiiches.    Treatment  of  Scalji-wounds. 

Fracture  of  the  base  is  unfor- 
tunately not  easily  got  at,  so  that  the  treatment  will  not  be  so  direct  and 
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cleanly  as  wlierc  the  vertex  has  suflered  injur>'.  Unquestionably,  many 
cases  of  fracture  of  the  base  recover,  but  the  prognosis  is  always  grave, 
especially  where  the  injury  occurs  by  means  of  a  wound  in  relation  to  the 
air.  This  b  the  case  when  the  tynip;unim  and  temporal  bone  arc  fract- 
ured and  torn,  as  sliown  by  the  flow  of  blood  and  CLTcbruspinal  fluid. 
Here  it  is  manife.stly  injpossiblctogct  at  and  cle;in  the  vicinity  of  the  fract- 
ure. Likewise,  where  the  base  of  the  anterior  foss:c  i.s  opened  and  the 
nares  put  in  communication  with  the  interior  of  the  skull,  the  difficulty  of 
cleansing  is  at  once  apparent.  When  the  posterior  fossa;  suffer  fract- 
ure, as  there  is  no  opening  normally  existing  through  the  skin,  much 
doubt  nuisl  exist  in  regard  to  the  condition  of  affairs  present.  In  either 
case  cleanliness,  when  obtainable,  should  be  exercised.  Absolute  rest 
in  a  recumbent  posture  is  to  be  enjoined,  a  tiarkened  room  and  absolute 
quiet  insisted  on,  while  a  light  and  very  abstemious  diet  is  to  be  given, 
and  a  purgative  administered  daily. 

The  IreaLmcnt  dirccli^O  elsewhere  in  ihis  article.  wh«n  fta  opemtion  for  the  MmoTsl  of  a 
head  tumor  i4  uriflcrtnkcn,  is  ilic  (milmriii  tn  he  carriMl  out  wiih  titull  rnuniire— ihe  same 
tleniisiiin,  cart  of  Ihr  wmiii'l.  .itmI  cliisiirc  of  llic  vrnund  willi  difssing. 

Gunshot  wounds  of  the  head  arc  usually  penetrating  and  always 
compound,  and  are  serious  more  from  injury  of  the  bone  of  the 
meninges  than  of  the  brain  itself  A  glancing  injiirj-  from  a  bullet  is 
extremely  rare,  and  much  rarer  with  the  modern  jirojecliles  ih;m  when 
a  more  slowly  moving  bullet  is  employed.     The  glancing  bullet.  sui>- 


FlG.  407.— d,  Gunshot  Fracttire,  showing  fiuure ;  h.  cnuh  ol  the  skuU :  comminuied  bnpiienlft 

wired  Ucliily. 


posing  that  such  a  thing  is  now  seen,  will  produce  a  contusion  of  the 
skull,  with  such  accidents  as  may  result  therefrom.  A  gunshot  wound 
of  the  skull  with  the  modern  army  weapon  produces  in  many  cases 
vcr>' great  injury,  which  has  been  denominated  "explosive  violence." 
A  bullet  passing  through  the  skull  will  produce  fractures  running  in 
ever>'  direction,  as  though  great  violence  from  within  had  been  expended 
on  the  bones.  The  bullet  always  traverses  the  skull,  producing  two 
wounds;  such  injuries  are  promptly  fatal.  The  e.vplanation  given  is 
that  the  bullet,  in  its  very  rapid  passage  through  the  semi-solid  con- 
tents of  the  skull,  expends  its  force  on  that  mass  in  ever}'  direction. 
There  is  not  time  enough  for  the  cerebrospinal  fluid  or  for  the  blood  to 
be  displaced  so  as  to  make  room  for  the  bullet,  so  a  rending  of  the 
cranium  takes  place.  This  has  been  e.xperimeiitally  tried  and  verified 
by  vessels  filled  with  water,  even  although  the  top  may  not  have  been 
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tightly  pressed  down.  Pir^tol-hulhtt  wounds  or  non-fatal  gunshot 
wounds  of  the  head  arc  met  with.  Here  the  bullet  does  not  travel  with 
as  much  velocity,  and  may  lodge.  The  injur)'  is  a  complex  one,  and 
wilt  always  be  complicated  bj'  a  forcing  into  the  brain  of  fragments  of 
skull.  The  synijitoms  will  dejx'nd  upon  the  part  uf  the  brain  injured, 
and  paralysis  of  some  [»ortioris  of  ilic  body,  extensive  bleeding,  or 
immediate  death  may  lake  place.  Theoretically,  the  treatment  to  be 
followed  out  is  to  cleanse  thorouglily  the  field  of  injur)',  to  place  the 
patient's  head  in  such  a  position  that  the  track  of  the  wound  shall  be 
vertical,  with  the  opening  above,  and  to  allow  a  probe  to  sink  by  its 
own  weight  through  the  brain-track,  and  if  the  bullet  have  struck  the 
opposite  side  of  the  skull,  to  trephine  there,  open  the  dura,  locate 
the  bullet,  and  extract  it,  leaving  the  trephine  wound  open  for  drainage. 
I'ractically,  very  few  cases  of  such  excellent  surgcrj'  have  been  suc- 
cessful, while  by  conservative  methods  recover)-  with  tlic  bullet  remain- 
ing in  the  bniin  has  en.sued.  In  ease  it  should  be  deemed  unwise  to 
search  for  the  bullet  within  the  skull,  the  patient's  head  should  be 
placed  in  such  a  position  that  drainage  shall  take  place  outward  through 
the  opening  in  the  skull,  so  that  the  fragments  carried  into  the  brain 
may  make  their  way  out,  and  possibly  the  bullet  come  near  the  external 
opening,  so  as  to  permit  of  removal.  A  number  of  cases  are  on  record 
of  recovery  with  the  bullet  remaining  in  the  brain.  Where  the  bullet 
has  entered  the  skull,  apart  from  the  immediate  danger  from  the  injury, 
secondary  abscess-formation  is  to  be  feared.  Here  the  u.sual  symptoms 
of  br.tin- abscess  will  prevail. 

Cjencrally  speaking,  then,  the  treatment  of  a  gunshot  wound  of  the 
brain  is  local  cleanliness,  first  and  niio.st  important — shaving  the  scalp, 
etc.  Then,  if  the  fragments  of  bone  which  have  been  carried  into  the 
brain  do  not  present  at  the  opening,  or  if  the  bullet  do  not  present. 
iMiiess  there  seem  to  be  special  indication,  it  will  be  unwise  to  trephine 
and  search  for  the  bullet.  The  probe  which  should  be  used  to  investi- 
gate the  track  of  the  bullet  through  the  brain  .should  have  a  large  end 
and  be  sufficiently  long  to  |>ass  through  the  skull.  A  probe  with  a 
small  point  will  easily  penetrate  the  brain-substance  and  so  mislead  the 
surgeon.  An  aluminum  probe  or  a  Nclaton  probe  with  a  slender 
shank  is  best  It  is  unwise  to  close  a  gunshot  wound  oi  the  head. 
Before  attempting  to  remove  a  bullet  from  the  brain,  it  should  be  local- 
ized as  closely  as  jnwsible  by  means  of  .V-ray  photographs  taken  in 
two  or  more  directions,  so  as  to  gi\'e  the  point  by  means  of  intersecting 
plane.s. 


■ 


INJURIES  AND  DISEASES  OF  THE  BRAIN. 

Hemorrhaf^e  may  be  extradural,  subdural,  or  central.  Extradural 
hemorrhage  is  u.sually  the  result  of  a  rupture  of  one  of  the  middle 
meningeal  branches,  with  or  without  break  of  the  skull,  the  eflTusion  of 
blood  taking  place  between  the  bone  and  the  dura.  Subdural  hemor- 
rhage may  be  from  bleeding  into  the  pia  arachnoid,  in  which  case  it  is 
from  the  middle  meningeal  vessel,  or  it  may  be  upon  the  surface  of  the 
brain,  when  it  will  be  from  the  rupture  of  one  of  the  vessels  of  the  pia 
mater,  with  tear  of  the  arachnoid.     In  either  case  the  internal  capacity 
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of  the  skull,  so  far  as  the  nervous  matter  goes,  is  diminished  by  ihc 
amount  of  blood  cflTusctl.  If  the  blood  be  poured  out  quickly,  symp- 
toms of  interference  with  brain-function  will  soon  appear.  On  the 
other  hand,  where  the  heniorrlia^e  is  slow,  the  cerebrospinal  fluid  js 
slowly  pressed  from  the  cranium  into  the  spina.!  canal,  and  symptoms 
of  brain-disturbance  appear  gradually.  Wlicn  the  effusion  is  bet\vcen 
the  dura  and  the  skull,  the  necessary  stripping  orfof  the  dura  from  the 
skull  will  exercise  some  compression  upon  the  mouth  of  the  bleeding 
vessel.  If  the  clot  be  opposite  some  portion  of  the  brain  presiding 
over  motion  or  speech,  local  symptoms  peculiar  to  a  lack  of  function 
in  that  portion  of  the  bratn  will  ap|)ear.  On  the  other  hand,  if  aci 
effusion  of  hlood  takes  pJacc  into  the  subdural  space,  the  blood  will 
gravitate  to  the  base  of  the  skull  and  will  press  upon  the  basal  ganglia, 
so  that  general  rather  than  special  symptoms  of  compression  will  be 
ap|>arent.  When  ilie  bleeding  is  under  the  pia  arachnoid,  due  prob- 
ably to  a  tear  in  one  of  the  veins,  it  liikes  place  slowly,  the  elTuscd 
blood,  spreading  out  in  a  more  or  less  thin  layer,  clots  on  the  surface 
of  the  brain  ;  it  dips  down  into  the  sulci,  and  may  give  rise  to  localized 
convulsions  from  irritation,  or  to  paralysis,  if  it  be  over  a  motor  area. 
With  these  local  symptoms  the  general  symptoms  of  compression  will 
be  present.  These  local  sympUMiis  will  decidedly  assist  a  diagnosis. 
Irregularity  of  the  pupils  will  suggest  hemorrhage. 

Extradural  hemorrhage  is  almost  always  from  the  middle  meningeal 
vessel,  and  the  first  local  symptom  of  compression  will  probably  come 


Fia.  408. — Extmdunil  hemorrhage  from  rupiure  of  lUe  midille  meningeal  oflery  (from  fraftliK 

shown  m  Fig.  ^o^\. 

from  that  part  of  the  brain  lying  adjacent  to  this  arter)'.  Loss  of 
power  occurs  on  llie  side  opposite  to  the  place  of  pressure.  There  is 
often  an  interval  between  the  infliction  of  violence  and  the  s>mptoms 
of  compression  due  to  intracranial   hemorrhage.     During  this  period 
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intelligence  is  retained,  althoufjh  it  may  be  disordered.  This  is  the 
miisl  important  syiiii)toni.  The  fullowirij^  st'fjucnce  of  events  is  pathog- 
nomonic  and  calls  for  interference  at  once ;  Injur>*,  concussion,  recov- 
er>",  a  period  of  iiUclligcnce  followed  by  hemiplegia,  somnolence,  un- 
consciousness, and  irrejjular  nioveniL-nts.  The  temperature  will  not  be 
elevated ;  the  pulse  will  be  slow  and  full,  but  with  increasing  comprcssifMi, 
may  bL-comc  rapid.  The  breathing  will  at  first  be  quiet.  Convulsions 
may  occur.  Later  the  breathing  beconies  stertorous,  and  sonic  rise 
of  temperature  takes  place.  Dilated  pupils  will  be  found  to  accom- 
pany the  late  stage  of  conipres.sion,  whereas  at  it.'i  commencement  the 
pupil  is  contracted.  A  dilated  and  immovable  pupil  strongly  suggests 
a  local  compression.  If  trouble  be  limited  to  the  left  side,  aphasic 
symptoms  will  be  more  apt  to  occur  with  hemiplegia,  in  a  right-handed 
person.  In  the  right  side  hemiplegia  without  speech -disturbance  is 
usual.     Hemorrhage  may  cease  spi>nUneously,  but  the  pre.--sLire  i>n  the 


Fii;.  -log, — Fn'uri-ri  fr.n.tiiic  -f  sliiill  .iimni^y  il.c  midilk  mcnmfc^'l  arlerji-     The  hrtnonhagv 
leiulting  [rom  tliis  fruc^lun;  u  »buwn  In  Fig.  409  (Elliol'i  caie). 

brain  will  continue  to  exist  until  the  clot  is  ab.sorbed,  and  mental  dis- 
turbance will  persist  until  then.  A  clot  may  never  be  entirely  absorbed, 
and  may  cause  irritation  in  the  same  way  that  a  depressed  fragment  of 
bo)je  may  cause  Jacksonian  epilepsy. 

Injury  to  a  .sinus  of  the  dura  may  happen  from  direct  trauma  and 
hemorrhage  may  occur,  or  the  bones  may  be  forced  in  upon  the  sinus 
and  the  hemorrhage  not  take  place  until  the  bone  is  elevated.  By 
pressure  with  gauze,  by  suture  with  fine  thread,  or  by  jxissing  a  liga- 
ture with  a  curved  needle  around  the  sinus,  it  may  be  arrested. 

Trentment  of  Intracranial  Hemorrhage. — The  treatment  already 
suggested  for  concussii>ii  and  contusion  of  the  brain  will  be  proper  for 
intracranial  hemorrhage  until  a  diagnosis  i.s  made.  When  that  U  evi- 
dent, the  recumbent  posture  and  an  ice-cap  become  necessarj',  together 
with  measures  to  reduce  the  force  of  the  heart-beat  The  symptoms 
continuing,  it  is  a  question  whether  operative  interference  is  called  for. 
When  there  is  any  probability  that  the  etfu^on  is  due  to  a  rupture  of 
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the  middle  meningeal  artery,  the  skutl  f^hould  be  opened  without  hesi- 
tation, the  clot  removed  if  present,  and  the  bleeding  vessel  tied,  if  pos- 
sible. A  curved  needle  earr>'ing  a  thread  is  passed  under  the  vessel 
proximal  to  the  wound.  The  opening  in  the  skull  should  be  large 
enough  to  permit  of  all  manipulation,  and  if  tlie  first  opening  is  not 
sufficient,  it  shoultl  be  made  .sufficiently  large  by  means  of  rongeur 
forceps.  Failure  tn  find  the  clot  under  the  trephinc-wound  may  occur, 
but  the  absence  of  pulsation  under  the  dura  and  the  discoloratinn  of 
the  dura  will  suggest  a  deeper  clot.  The  skull  having  been  largely 
openc<i,  the  dura  is  to  be  incised  a  sufficient  distance — \  inch — from 
the  edge  of  the  bone,  to  permit  of  sewing  up  afterward.  The  dura  then 
is  turned  down,  and  the  clot  evacuated  by  spoon  and  a  gentle  stream 
of  water,  the  bleeding  point  being  sought  for  and  tied.  If  the  hemor- 
rhage is  from  a  vein  of  the  pta,  it  will  be  found  with  much  difficulty. 

HemorrhaKe  into  the  lateral  ventricle  presents  no  symptoms  dif- 
fering; from  an  intr.icnuiiid  hemorrhage  not  in  the  motor  region,  except 
greater  liability  to  convulsions. 

Hemorrhage  into  the  brain-substance  may  take  place  from  direct 
violence  with  fracture  and  depression,  and  will  be  subject  to  the  usual 
treatment  of  fracture  with  depression;  but  a  violent  contusion  of  the 
brain  without  fracture  may  occur,  and  the  contusion  may  be  sufficiently 
severe  to  give  rise  to  hemorrhage  into  the  brain- substance.  Such 
hemorrhage  is  usually  punctiform.  but  may  be  worthy  of  the  name  of 
extravasation,  if  the  amount  of  blood  poured  out  be  large.  In  such  a 
condition  of  affairs  there  would  be  present  the  violent  jar  of  the  pri- 
mary injur\*,  from  which  the  patient  might  recover,  and  then  would 
become  apparent  the  symptoms  resulting  from  the  extravasation  of  the 
blood  into  the  brain-substance.  If  compression -symptoms  were  pro- 
gressive, it  might  be  proper  to  open  the  head  and  attempt  to  find  the 
bleeding  point;  but  the  operator  would  probably  be  unsuccessful.  If 
the  symptom.^  are  not  progressive,  it  would  be  useless  to  open  the  head 
with  the  expectation  of  removing  the  clot;  more  harm  would  result  to 
the  brain  from  the  operative  measures  than  from  leaving  it  alone. 

Hernia  Cerebri. — This  name  is  given  to  a  protrusion  of  the  brain- 
substance  uncovered  by  membranes  through  an  opening  in  the  skull. 
It  occurs  after  fractures  or  wounds  with  loss  of  skull  in  which  the 
meninges  have  given  way  or  been  divided.  It  is  an  evidence  of  sepsis, 
local  perhaps.  Tlie  protruding  mass,  which  is  bniin-substance.  at  first 
is  small ;  it  subsequently  may  become  large,  may  slough,  may  suppu- 
rate, but  always  projects  abovr  the  level  of  the  skull.  It  will  pulsate 
and  is  soft  to  the  touch,  not  va.scular.  Imwevcr;  it  is  possible  to  cut 
away  portions  of  the  hernia,  for  brain-substance  is  insensitive.  When 
portions  of  the  hernia  arc  cut  away,  new  portions  are  apt  to  protrude 
through  the  skull.  As  indanvmatioii  diminishes,  the  hernia  will  sink 
within  the  liead  and  cicatrl/Jitinn  take  place,  or  the  patient  may  die  of 
genend  sepsis  (Fig.  410). 

Treatment. — An  attempt  to  force  the  brain  back  into  the  skull  will 
give  rise  to  symptoms  of  compression  not  advantageous  to  the  (>aticnt. 
Cutting  off  pieces  of  the  brain  down  to  tlie  level  of  the  skull  is  not 
called  for.  A  clean  dressing,  with  a  light  compressing  bandage  to 
hold  the  dressings  In  place,  and  so  exercise  a  very  slight  pressure  on 
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the  hernia,  is  all  that  is  necessary.  The  surface  of  the  hernia  may 
slyugh.  and  if  so.  the  dressing  should  be  changed  and  cleanliness  con- 
tinued. As  the  wound  becomes  clean  and  cicatrization  takes  place, 
the  hcniia  will   disappear. 


Fn:,  jio. — Hfrnifl  cerebri. 

Brain-compression. — The  amount  of  compression  to  which  the 
brain  may  be  subjected  will  vary  with  the  rapidity  with  which  the  com- 
pression is  elTecletl ;  ariti  [his  may  lie  explained  by  the  esca]>e  n{  cere- 
brospinal duid  from  within  the  head  into  the  spinal  canal,  thus  pertnit- 
ting  a  foreign  substance  to  occupy  sp.ice  within  the  cranium  without 
causing  pressure  i>n  much  of  the  brain-substance.  To  produce  this 
change  compression  must  be  effected  very  slowly.  A  rapid  compres- 
sion will  give  rise  to  local  effects  at  once.  I'robably  from  3  to  6  per 
cent,  or  thereabout,  of  the  intracranial  area  can  be  Uikeii  up  by  a 
foreign  substance  without  the  symptoms  of  compression  becoming 
marked.  After  the  above  niaxinuim,  however,  has  been  |»a.ssed.  press- 
ure-symptoms may  Ik;  exixrcted.  It  is  on  account  of  this  that  extrav- 
asation of  blood  may  go  on  from  a  ruptured  vessel,  if  the  rupture  be 
small,  for  a  certain  time,  without  giving  rise  to  symptoms;  or  the 
growth  of  an  intracranial  tumor  may  take  place  and  attain  a  dcdded 
size  without  giving  rise  to  symptoms  whereby  its  presence  would  be 
noted.  It  may  be  that  where  an  abscess  forni-S  in  the  brain,  ihc  press- 
ure-symptoms are  not  noticed  at  first.  The  primary  symptom  may 
be  one  whicli  results  from  the  involvement  of  some  s|)ecilic  hrain-arca 
— for  instance,  in  the  motor  region.  Inasmuch  as  the  escape  of  cere- 
brospinal fluid  from  the  head  relieves  compression,  for  a  certain  time, 
at  all  events,  it  is  evident  that  an  excess  of  pressure,  if  such  increase 
take  place  slowly,  may  happen  without  disturbing  the  brain-function, 
as   fs   fre<pientl)'  the   ciisr  in    hydrocephalus. 

The  symptoms  of  comprestiion  are  mental  disturbance — which  may 
be  sensory  or  motor — irregular  movements,  vomiting,  and  progresave 
loss  of  consciousness,  running  into  coma,  with  snoring  when  sleeping, 
and  convulsions.  The  convulsions  may  be  more  marked  in  one  j»rt 
of  the  body  than  in  another,  which  will  give  rise  to  a  well-grounded 
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suspicion  as  to  the  locality  where  the  compressing  force  is  most  exer- 
cised. Breathing  and  pulse  are  both  slow  in  compression.  Optic 
neuritis,  if  compression  has  existed  a  certain  time,  will  be  found;  di;*- 
turbancc  of  vision  also,  and  of  .smell  and  taste.  Indeed,  all  the  cnmial 
nerves  should  be  investigated,  and  while  in  general  compression  they 
may  tell  nothiiig,  yet  they  may  give  some  indtcatiou  in  the  early  stages 
of  a  compressing  growth. 

The  treatment  of  compression  is  naturally  to  take  away,  if  pos- 
sible, that  which  compresses. 

Open  Wound  and  laceration  of  the  Brain.— Laceration  of 
the  brain  occurs  under  very  many  circumstances  anci  sliows  vcr\- many 
symptoms,  both  primary  and  secondan.-.  There  will  always  be  a  cer- 
tain amount  of  shock  as  a  priniar>*  symptom,  and  there  will  be  very 
generally  a  certain  amount  of  infection  which  will  give  rise  to  inflanima- 
tion.  The  portion  of  the  brain  which  is  lacerated  is  to  be  considered. 
As  a  rule,  a  wound  of  the  anterior  brain  gives  rise  to  much  less  mor- 
tality than  does  a  wound  of  the  posterior  part  of  the  brain,  while 
laceration  of  the  base  of  the  brain  is  the  most  promptly  fatal  of  all. 
Lacerations  of  the  brain  of  the  most  desperate  nature  have  been 
recovered  from,  while  fatal  symptoms  have  followed  a  very  minor  injury, 
Unless  a  portion  of  the  brain  essential  to  life  suffers  laceration,  it  is 
probable  that  infection  produces  the  fatal  result.  In  the  absence,  there- 
fore, of  infection,  laceration  of  the  brain  may  be  looked  at  not  so  very 
unfavorably.  It  is  practically  impossible  to  cleanse  the  lacerated  sur- 
face of  the  brain,  hence  the  absence  of  infection  is  an  accident  due  to 
the  cleanliness  of  the  vulnerating  instrument. 

The  part  of  the  brain  injiiret!,  whcllier  in  the  motor  area,  the  area 
of  Nixrcth,  etc..  will  have  to  do  with  the  symptoms  which  present  A 
slightly  elevated  teni]ierature  may  be  met  with,  but  not  always,  and  the 
pulse,  simply  from  the  laceration  of  the  brain,  does  not  seem  to  be 
changed  markedly.  After  forty-eight  hours,  when  inflammation  due  to 
infection  appears,  there  will  be  seen  the  symptoms  due  to  meningitis ; 
the  temperature  will  be  high,  and  indeed  in  some  cases  will  be  found 
to  go  up  after  death.  Occasionally,  the  temperature  varies  on  the  two 
sides  of  the  body.  There  may  be  multiple  lesions  within  the  head, 
giving  rise  to  very  confusing  symptoms.  Inequality  of  the  pupils  is 
more  apt  to  be  due  to  the  hemorrhage  and  pressure.  Unconsciousness 
is  more  often  due  to  a  concussion  or  jarring  of  the  brain  than  to  lac- 
eration. The  mental  condition  after  laceration  of  the  brain  will  vary 
greatly  with  the  region  of  the  injury, 

Traamatic  Meningitis. — Meningitis  is  an  evidence  of  infection. 
Acute  mtningitis  is  an  infection  due  to  injury,  and  means  that  septic 
material  has  been  carried  to  the  meninges,  and  that  such  cleansing  as 
was  done  by  the  surgeon  was  insufficient  to  remove  the  inoculated 
sepsis.  From  this  as  a  primary  focus  the  disea.'ic  may  extend.  Prob- 
ably the  organism  wliicli  gives  rise  to  the  inflammation  has  much  to  do 
— more  than  we  have  hitherto  suspected — with  the  course  of  the 
inflammation,  otherwise  it  is  difficult  to  know  how  meningitis  in  one 
case  is  circumscribed  and  promptly  followed  by  the  recovery  of  the 
patient,  while  in  another  case  the  patient  rapidly  dies,  with  all  the 
symptoms   of  constitutional  poisoning.     Meningitis  extendmg  to  the 
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base  of"  the  brain  is  extremely  fatal,  and  is  to  be  <juarded  against  by 
immediate  and  thorough  cleansing  and  by  affording  drainage. 

Secondary  Meninjifitis. — Secondary  meningitis  by  extension  from 
the  seat  of  trauma  occurs,  indicating  that  during  convalescence  a  failure 
to  keep  the  wound  clean  has  occurred.  Veins  or  I>Tnphatics  may  carr>- 
an  infected  clot  to  the  meninges,  or  the  clot  may  be  carried  by  direct 
continuity  of  tissue.  A  meningitis  commencing  from  an  injury  will  be 
most  prtiiioimccd  in  the  vicinity  of  that  injury ;  but  when  once  inflam- 
mation has  taken  place,  there  will  be  cloudy  or  purulent  cerebrospinal 
f1ui<],  with  cxuilation.  Constitutional  sepsis  is  a  rapid  sequel  of  menin- 
gitis in  most  cases.  It  may  extend  not  only  to  the  base  of  the  brain, 
but  to  the  spinal  canal.  The  ordinary  clinical  symptoms  of  weak  and 
rapid  pulse,  elevated  and  \rariablc  temperature,  delirium.  hj^Kresthesia 
of  the  surface,  restlessness,  retained  urine,  constipated  bowels,  intense 
headache,  gli.stening  eyes,  trembling  and  busy  hands,  followed  bj'  stupor, 
hebetude,  contractetl  pupils,  which  often  do  not  react  tr>  light,  make  up 
a  picture  wliich  admits  of  little  doubt.  Should  meningitis  be  more 
pronounced  along  the  fissure  of  Rolando,  local  spasms  or  paralyses  are 
to  l>e  expected.  The  results  of  treatment  arc  not  favorable.  Attention 
to  the  Secretion^,  re^l,  removal  of  all  exciting  causes,  the  application 
of  an  ice-bag  to  the  heail,  cool  sponging  if  the  tem[^>erature  be  high, 
strychnin  to  support  the  pulse,  will  probably  be  all  that  is  to  !je  done. 
Whether  tiie  free  opening  of  the  skull  and  an  attempt  to  obtain  drain- 
age is  to  be  followed  by  good  results,  it  is  impossible  to  say;  but  this 
much  is  certain,  that  when  inflammation  occurs  in  a  closed  ca\it>',  it  is 
aUvriVH  important  to  have  that  cavity  0|x'ned,  so  that  the  products  of 
inflammation  may  find  an  exit  and  tension  be  relieved.  Where  a  fissure- 
fracture  ha.s  traveled  to  the  base  of  the  skull.basilar  meningitis  Ls  very  apt 
to  follow,  and,  inasmuch  as  many  important  cranial  nerves  are  given  off 
from  this  part  of  the  brain,  a  disturUmce  of  their  function  will  be  noted. 
However,  the  inflammation  is  rarely  limited  to  the  base  of  the  skull,  but 
extends  to  the  upper  part  of  the  spine,  and  so  retraction  of  the  head  and 
interference  with  and  disturbance  nf  [he  upper  spinal  muscles  are  likely. 

Where  there  has  lieen  any  evidence  of  extension  to  the  spine, 
spinal  puncture  or  laminectomy  may  be  resorted  to,  with  Irrigation; 
but  the  results,  up  to  the  present,  of  either  of  these  procedures  do  not 
hold  out  any  very  great  hopes. 

Sinus  thrombosis  is  believed  to  occur  most  often  in  middle  life, 
although  as  our  experience  increases  it  is  not  at  all  improbable  that 
both  childhood  and  old  age  will  be  found  to  be  subject  to  this  distress- 
ing condition.  It  is  the  result  of  infection,  and  while  occasionally 
following  traumatiisni,  is  more  often  seen  as  the  result  of  middle-ear 
disease.  The  lateral  sinus  is  usually  the  vessel  affected.  For  this 
subject  see  Vol.  II.  Chap.  XXVIIL* 

Brain -abscess. — It  is  proper  to  distinguish  acute  from  chronic 
abscess.  The  acute  form  succeeds  an  injur)'  and  gives  rise  to  the 
ordinar>'  symptoms  which  one  would  expect  from  an  abscess.  Rvi- 
dences  of  sepsis  are  always  present;  high  pulse  and  temperature  exist, 
Abscess  of  the  brain  is,  of  course,  the  result  of  infection,  which  may  be 
carried  by  traumatism,  but  may  reach  its  situation  through  the  blood- 
vessels or  lymphatics,  as  in  other  parts  of  the  body.     Along  the  peri- 
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vascular  sheaths  infection  may  [wss  to  the  phice  where  we  fiiu!  the 
abscess.  Perhaps  in  this  latter  case  the  abscess  will  be  in  the  nei^rh- 
borhood  of  the  ear — a  frequent  source  of  infection.  The  limiting 
membrane  of  a  cerebral  abscess  is  granulation-tissue.  The  pus  may 
be  thick,  and  may  bt:  variously  colored,  from  admixtiirL-  of  coloring 
matttT  of  the  blocKi,  or  possibly  organisms  (pyocyancus).  The  pus  is 
inodorous  if  thick ;  if  thin,  it  is  apt  to  be  of  bad  odor.  If  a  vessel 
gives  way,  hJood  will  be  poured  into  the  abscess-cavity.  Symptoms 
of  compression  will  scarcely  bear  an  exact  relation  to  the  size  of  the 
abscess.  Chronic  abscess  comes  on  very  insidiously  and  may  not  be 
ilingnosticiilcd  at  all.  The  onset  of  symptoms  is  slow  and  progressive, 
the  teinpcraturc  usually  subnormal,  while  the  pulse  gives  evidence  of 
compression  more  and  more  marketi,  but  this  at  a  late  period,  not  at 
first.  Vomiting,  irregular  pulse,  and  irregular  chills  arc  encountered; 
but  the  last-named  symptom  will  be  seen  attended  by  disturbance  of 
temperature  to  the  extent  of  several  degrees  (Fahrenheit).  When  an 
abscess  makes  its  way  to  a  surface,  external  or  ventricular,  rupture 
and  a  fatal  meningitis  will  ensue.  The  prognosis  is  distinctly  bad, 
whether  acute  or  chronic  abscess  be  present. 

An  acute  abscess  of  traumatic  origin  will  present  symptoms  of  local 
sepsis,  as  mentioned  above,  sufficient  to  justify  a  decided  opinion  as  to 
its  presence  and  location.  A  chronic  abscess  will  often  tax  to  the 
utmost  a  surgeon's  knowledge  of  cerebral  topography  and  overtax  his 
power  of  localizing  the  disease.  Perhaps  of  all  sym])toms,  pain,  more 
or  less  pronounced,  is  tlie  most  constant,  yet  it  is  referred  sometimes 
not  to  the  scat  of  disease,  bnt  to  some  other  portion  of  the  head ;  pcr- 
cus.sion  will  increa.se  the  pain,  and  the  patient  will  regulate  his  move- 
ments so  as  to  avoid  jar  to  the  head ;  sudden  change  of  attitude — e.^., 
rising  in  the  morning — -may  bring  about  vomiting.  The  symptoms 
mentioned  will  increase  as  the  disease  progresses,  and  hebetude,  disin- 
clination to  make  effort,  and  stupor  will  be  added  ;  yet  ci-idcncc  of 
motor  or  sensory  disturbance  of  the  brain  or  interference  with  the 
function  of  cerebral  nerves  is  needed  that  the  locus  of  disease  may  be 
discovered.  It  is  unnecessarj'  to  repeat  here  what  has  already  been 
said  in  regard  to  cerebral  localization. 

Treatment. — A  brain-abscess  after  localization  is  opened  by  making 
an  incision  of  sufficient  size  thruugh  the  skull,  using  a  trephine  and 
enlarging  the  aperture  with  rongeur  forceps,  The  exposed  dura  is 
observed  for  pulsation,  change  of  color — necrosis — and  then  opened  as 
directed  in  the  section  on  Intracranial  Tumors.  Pial  vessels  can  be 
tied  between  two  ligatures  and  divided,  after  which  by  a  grooved  director 
the  brain  is  explored  and  the  abscess  opened.  A  |jair  of  forceps  pass*rd 
into  the  abscess  along  the  groove  of  the  director  will  enlarge  the  track 
for  discharge  of  matter.  The  abscess-ca\it\*  is  to  be  cleansed  by  means 
of  the  curet  and  a  stream  of  sterile  normal  salt  solution,  and  then 
drained — by  tube,  if  deemed  expedient. 

Intracranial  Tumors. — Surgical  localization  and  clean  surgery 
have  rendered  possible  not  only  the  recognition,  but  also  the  removal 
of  tumors  within  the  head,  which  formerly  were  interesting  only  up  to 
the  i»oint  of  diagnosis,  for  after  that  relief,  save  by  medical  means,  was 
not  to  be  expected.     Intracranial   tumors   present  for  consideration 
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certain  questions :  Whether  the  tumors  are  single  or  multiple,  whether 
they  are  individual  or  expressions  of  a  constitutional  condition,  whether 
they  are  primary  or  secondary,  whether  they  are  local,  circumscribed, 
and  capable  of  removal  in  their  entirety,  or  whether  they  are  diffused 
among  adjacent  structures  and  incapable  of  being  taken  away,  the 
portion  necessarily  left  continuing  to  grow.  Inasmuch  as  they  are  not 
subject  to  sight  and  touch,  stress  must  not  be  laid  on  their  characteristics. 
Age. — Starr's  Tables,  although  published  some  time  ago  (in  1893), 
do  not  differ  materially  from  our  knowledge  of  the  present  day.  Thus 
he  gives : 

Tuberculous  cases  id  childhood,  152  to    41  in  adults. 


Gliomalous  tumors 

37  " 

5* 

Sarcomatous    '* 

34" 

86 

G 1  i  osaTComatous 

5  " 

25 

Cystic 

30" 

3 

Carcinomatous 

10" 

33 

Gununatous 

2  " 

20 

Not  stated 

30  " 

41 

Out  of  a  total  of  600 

300" 

300 

In  this  table  the  preponderance  of  tuberculous  tumors  in  childhood 
is  apparent.  Sarcoma  and  gliosarcoma  show  a  preponderance  for  the 
adult.  The  carcinoma,  as  would  be  expected,  is  more  common  in  the 
adult,  and  the  cyst  largely  among  children,  the  proportion  being  very 
great — -30  as  compared  with  2.  Equally  the  gumma  is  largely  in  excess 
in  the  adult.  A  large  number  of  cases  of  syphilitic  disease  of  the 
brain  from  an  infection  rpany  years  previous  improve  under  treatment 
and  recover ;  hence,  it  is  improbable  that  gumma  of  the  brain  is  more 
common  than  the  tables  show. 

Glioma  and  sarcoma  are  probably  not  to  be  differentiated  the  one 
from  the  other,  and  they  should  be  considered  together  in  their  symp- 
toms and  treatment.  They  are  usually  primary  in  the  brain.  As  a 
secondary  jjrowth  of  the  vault  of  the  cranium  growing  inward,  I  have 
met  with  sarcoma  several  times,  but  secondary  to  a  primary  eye-growth 
sarcoma  is  not  very  infrequent.  Glioma  and  gliosarcoma  may  grow 
from  either  white  or  gray  matter,  and  are  more  often  diffuse  than  cir- 
cumscribed ;  and  when  I  say  diffuse  I  do  not  mean  infiltrated,  for  this 
they  undoubtedly  may  be,  but  I  mean  not  definitely  surrounded  by  a 
connective-tissue  capsule.  Probably  glioma  is  softer,  more  vascular, 
and  of  more  rapid  growth  than  sarcoma,  as  a  general  rule;  but  in 
special  cases  the  reverse  may  hold.  Involvement  of  the  brain  may 
take  place  as  a  direct  extension  from  the  eye  back  from  within  the 
orbit,  the  primary  growth  being  in  nerve-tissue.  Sarcoma  of  the  bones 
of  the  skull  projecting  inward  may  occur,  but  such  cases  are  never  so 
difficult  of  diagnosis  as  when  the  tumor  starts  within  the  brain-sub- 
stance, and  this  is  so  for  two  reasons — first,  because  the  growth  may 
make  its  appearance  outside  the  bones  of  the  skull  and  so  be  recog- 
nized ;  and  secondly,  because,  by  growing  inward,  the  cortex  is  pressed 
upon  and  definite  symptoms  produced,  which  will  certainly  be  the  case  if 
the  motor  area  be  involved.  Of  the  cause  of  sarcoma  we  know  nothing. 
Injury  to  the  head,  as  in  other  parts  of  the  skeleton,  might  give  rise  to 
malif^nant  growth  ;  but  in  just  what  way  traumatism  should  be  applied 
so  as  to  injure  the  inside  of  the  head  seems  to  be  somewhat  indefinite. 
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Primary  carcinoma  of  tht.*  br.iin  is  rare.  Il  may  arrive  by  direct 
extension  from  an  epithelia)  surface,  as  when  an  epithelioma  of  the 
scalp  perforates  the  skull,  or  it  may  appear  in  metastatic  form.  In  the 
latter  case  the  foci  may  be  niultiplc.  As  usual  with  carcinoma,  it  is 
more  apt  to  be  met  with  in  the  latter  half  of  life. 

Cysts  occur  with  complicating  malignant  growths,  as  the  result  of 
irritation  from  depressed  bone,  or  as  a  changed  condition  of  an  intra- 
cranial clot-  Cysts  may  be  due  to  parasites,  as  hydatid,  but  will  be 
very  rarely  encountered  in  this  country;  they  are  of  slow  groulh  and 
give  rise  to  no  symptoms  by  which  they  cati  be  distinctly  diftcrentiated, 

TubiTcic  has  already  been  spoken  of  as  occurring  in  childhood  more 
often  than  in  adult  hfe,  and  it  is  a  question  which  presents  itself  whether 
the  growth  be  single  or  multi()le.  Unquestionably,  in  many  cases  a 
tubercular  nodule  is  not  single.  A  primary  nodule  of  tubercle  must 
be  vcr>*  rare  in  the  brain ;  it  may  be  secondary  to  a  growth  existing 
in  the  body,  yet  entirely  unknown  to  the  patient  and  incapable  of  being 
reached  by  the  surgeon.  It  is  scarcely  necessary  to  say  that  where 
the  presence  of  such  a  growth  is  in  question,  the  personal  and  family 
history  is  to  be  carefully  rc\iewed,  and  the  patient  examined  completely 
in  hopes  of  gaining  a  clew  in  regard  to  that  very  important  point — the 
expediency  of  an  operation.  The  prognosis  will  be  unfavorable  unless 
the  probability  of  multiple  growths  can  be  eliminated,  and  even  then 
the  uncertainty  attending  the  diagnosis  must  be  ever  present,  and  the 
prognosis  correspondingly  guarded. 

Gumma. — 1  {ere  local  e\idence  of  previous  infection  is  to  be  sought 
for  by  an  examination  of  the  patient  stripped.  Previous  history  is  to  be 
investigated.  It  is  always  proper,  so  uncertain  is  the  diagnosis  of  intra- 
cranial tumors,  where  an  intracranial  tumor  appears  likely,  to  institute 
anti5}'philitic  treatment,  which  should  be  pushed  rapidly  until  it  becomes 
apparent  that  no  fa\'orable  result  is  to  be  expected  from  a  continuance 
of  such  treatment.  It  does  not  seem  reasonable  that  the  diagnosis  of 
gumma  is  to  be  .icceptcd  because  of  tcmporar)-  improvement,  for  mer- 
cur>'  may  act  as  a  good  general  tonic.  Tcmporar)'  improvement  has 
followed  the  institution  of  antisyphilitic  treatment  in  a  patient  suffering 
from  sarcoma  of  one  of  the  long  bones.  Hence  a  diagnosis  of  intra- 
cranial gumma  cannot  be  made  unless  the  patient  is  not  only  tempo- 
rarily but  tlecidedl)'  and  permatiemly  improved. 

The  Situation  of  Intracranial  tumors. — They  occur  in  the  cere- 
bellum during  childhood  probably  twice  as  often  as  in  the  adult ;  on 
the  other  hand,  the  cortex  in  the  adult  is  the  seat  of  tumor  three  times 
to  once  in  the  child.  A  tumor  which  commences  in  the  ba.se  of  the 
brain — the  basal  ganglia — in  the  internal  capsule,  can,  with  difficulty,  if 
at  all,  be  reached;  indc-ed,  tumors  situated  here  are  usually  considered 
to  be  out  of  the  field  of  operation.  On  tlie  other  hand,  the  convexity 
and  sides  of  the  brain  are  open  to  OjX'rative  measures,  with  the  pros- 
pect of  affording  relief.  It  is  probable  that  6  per  cent,  of  brain-tumors 
are  removable.  Fibroid  of  the  dura  and  an  exostosis  from  the  cranial 
bones  are  distinctly  simple  tumors  producing  local  symptoms,  and  can 
be  subjected  to  operation  with  even,*  prospect  of  recovery ;  but  with 
the  other  tumors  mentioned  the  prognosis  is  always  grave.  The  geo- 
graphical diagnosis  will  rest  entirely  upon  the  localization  in  different 
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portiors  of  the  brain  of  certain  functions — as  has  already  been  .slated — 
in  addition  to  which  the  interference  with  the  function  of  cranial  nerves 
must  be  tatcen  into  consideration.  With  a  tumor  in  the  frontal  region 
certain  mental  and  character  changes  are  to  be  expected.  The  patient 
will  experience  less  self-control,  become  more  irritable  than  usual,  and  his 
moral  nature  will  be  impaired.  Blindness  from  pressure  is  one  of  the 
later  syniptunis,  and  may  be  cxiK-clcd ;  optic  neuritis  is  frequent,  begin- 
nin>j  on  tlie  side  where  the  growth  exists,  but  later  involving  both  eyes ; 
vomiting  and  convulsions  occur.  Protrusion  of  the  eye  may  occur,  and 
thij;  without  direct  pressure  on  tlie  roof  of  the  orbit ;  probably  this  has 
to  do  with  interference  with  the  return  circulation  behind  the  orbit;  1 
have  noticed  it  more  than  once.  Occasionally  there  will  be  local  con- 
gestion of  the  subconjunctival  vessels  or  eyelids.  In  the  parietal  region. 
in  the  neighborhood  of  the  fissure  of  Rolando,  there  will  be  inter- 
ference with  the  motor  tract,  and  a  tumor  commencing  here  will  give 
more  marked  symptoms  than  anywhere  else.  Aphasic  symptoms  vary 
with  the  fact  as  to  whether  the  patient  is  right-  or  left-handed,  the  cen- 
ter for  language  being  in  Broca's  convolution  ;  while  in  the  temporal 
lobe  auditory  aphasia  maybe  produced.  In  making  a  diagnosis  certain 
conditions,  characteristics,  and  growth  of  intracranial  tumors  deserve 
notice.  The  advent  of  symptoms  is  very  gradual,  and  according  as 
certain  areas  become  involved,  so  does  the  jaatient  develop  new  symp- 
toms, which  may  be  in  the  form  of  general  convulsions  or  local  spasms, 
paralysis,  awkward  motion,  or  interference  with  known  nerve- function  ; 
the  different  functions  of  which  the  patient  in  health  is  capable  must  be 
investigated  in  order  lo  recognize  any  departure  from  tlie  normal.  A 
careful  study  being  given,  the  surgeon  will  still  be  in  doubt  in  no  incon- 
siderable number  of  cases.  Local  tenderness  on  percussion  over  the 
tumor  may  be  present ;  the  percussion  note  may  vary  on  the  t%*'o  sides 
of  the  head.  Attention  has  been  drawn  to  what  has  been  called  the 
cracked-pot  sound  on  percussion,  which  is  believed  to  be  due  lo  loosen- 
ing of  the  sutures  ;  [  am  not  sure,  however,  that  any  very  decided  opin- 
ion can  be  drawn  from  it. 

Spasms  are  met  \i'itli  in  lesions  commencing  in  the  cortex — Jack- 
sonian  epilepsy — and  in  the  later  stages  of  other  growths  by  pressure 
involving  the  cortex.  A  gradual  extension  of  motor  symptoms,  accord- 
ing to  the  known  order  of  center.s  about  the  Rolandic  fissure,  is  diag- 
nostic. As  press ur»-.sjTnptoms  increase,  so  mental  effort  becomes  dis- 
tasteful to  the  patient,  and  hebetude,  dulness  of  thought,  and  a  change 
in  the  mental  characteristics  appear.  The  mind  becomes  more  and 
more  clouded,  and  the  patient  exliibits  disinclination  toward  mental 
activitj';  a  slow  and  full  puLse  is  to  be  exjx^cted.  Sight  and  hearing. 
taste  and  smell,  and  interference  with  speech  are  to  be  investigated,  and 
attention  paid  to  the  parts  of  the  brain  presiding  over  these  sjiecial 
senses.  Persistent  headache  in  one  locality  will  suggest  the  situation 
of  a  tumor.  Unconsciousness  or  vomiting  without  reason  is  rarely 
seen  without  marked  pressure-symptoms;  intracranial  nocturnal  pain 
is  suggestive  of  a  syphilitic  lesion.  Dizziness  may  be  complained  of  in 
stooping,  or  when  the  head  is  in  a  more  or  less  recumbent  ]>osition, 
suggesting  undue  vascularity  of  the  growth  or  surrounding  area,  which 
becomes  congested  when  the  head  is  held  downward.     Defective  articu- 


fl 


D/fiFASES  OF  TffB  BRAfff. 


\\f 


lation  suggests  involvement  of  the  motor  iier\'c  of  the  tongue ;  numb- 
ness may  also  exist;  kncc-jcrk  and  ankle-clomis  are  to  be  investigated. 

Cerebellar  tumors  are  often  accompanied  by  headache;  vomiting 
and  vertigo  are  met  with  in  a  certain  number  of  cases;  and  while 
general  convulsion-s  may  occur  from  tumor;;  anywhere  in  the  licad,  in 
the  cerebellum  they  are  perhaps  more  often  met  wiih ;  nystagmus 
occurs.  A  staggering  gait  is  marked,  the  patient  staggering  usually  to 
one  side,  and  generally  from  the  side  upon  which  the  tumor  exists,  yet 
not  always.  Where  the  patient  exhibits  a  tendency  to  fall  directly 
backward,  the  middle  portion  of  the  cerebellum  is  apt  to  be  pressed 
upon.  Hemianopsia  may  be  present  when  a  cerebellar  tumor  exists. 
Retraction  of  the  head  may  occur;  external  strabismus  suggests  a 
pressure  on  the  sixth  nerve  and  an  affection  of  the  eye  on  the  .same 
side  as  the  tumor.     Optic  neuritis  exists  generally. 

Expediency  of  Operation. — When  the  question  of  operating  upon 
an  intracranial  tumor  jiresents  itself,  the  operator  must  ask  himself  sev- 
eral questions.  First,  Is  there  a  tumor  at  all?  second.  Where  is  it? 
I.s  it  in  a  part  of  the  brain  accessible  to  surgerj"?  Is  the  tumor 
single  or  multiple?  Is  it  a  local  tumor,  or  is  it  but  the  expression  of 
a  constitutional  vice,  the  removal  of  which  will  not  cure  the  disease  ? 
Is  it  metastatic,  the  original  focus  being  elsewhere?  Is  it  a  malignant 
tumor,  which  involves  more  brain  than  can  possibly  be  removed,  so 
that  a  portion  of  the  tumor  will  be  left  after  the  operation  to  grow 
again?  All  of  these  questions  should  be  answered  with  fair  accuracy 
before  an  operation  is  undertaken.  It  goes  without  saj'ing  that  multiple 
growths  and  metastatic  growths  should  be  let  alone.  Tumors  incapable 
of  being  removed  should  be  let  alone.  A  luberculnus  tumor,  if  recog- 
nized, should  be  taken  away.  It  may  be  that  there  is  no  other  focus 
except  the  one  operated  upon — at  all  events,  the  patient  should  have 
the  benefit  of  the  doubt. 

Qummatoiu  Tumor  ot  the  Brain. — Whether  or  not  such  a  tumor 
should  be  operated  upon  is  a  difticuit  question,  because  of  the  diagnosis. 
If  antisyphilitic  treatment  in  large  do.st.'s  continued  for  some  time  does 
not  cause  absorption,  operation  should  be  attempted  ,  but  from  the  fact 
lliat  treatment  was  not  efficacious  in  removing  the  growth,  the  operator 
would  probably  be  of  the  opinion  that  the  tumor  was  not  syphilitic. 
In  general  it  may  be  said  that  with  present  methods  of  opening  the 
head  the  removal  of  a  tumor  is  not  such  a  verj*  dangerous  thing;  and 
inasmuch  as  the  outlook  without  an  o]x;ration  is  bound  to  be  fatal, 
much  risk  may  be  taken  by  the  operator  in  the  hope  of  doing  good; 
so  where  the  diagnosis  is  reasonably  clear,  an  operation  should  be 
undertaken. 

Technlc  of  Operatlnj^. — Very  few  operators  arc  so  tlioroughly  fa- 
miliar with  the  skull  and  the  brain  that  they  can  dispense  with  a  sawed 
skull  and  a  cast  of  llie  brain  for  reference  during  an  operation.  The 
convolutions  of  the  brain  var\'  in  different  people.  A  portion  only  of 
the  brain  is  exposed  to  view  during  operation,  and  tt  is  not  always  ixj.s- 
sible  to  recognize  that  which  is  in  view.  Hy  means  of  a  batter>-  and 
proper  electrodes  it  is  possible  to  stimulate  the  motor  areas  and  produce 
definite  movements,  so  that  the  ex|x>scd  convolutions  can  be  recognized. 
The  entire  head  is  to  be  shaved,  and  any  evidence  of  previous  injury 
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or  disease  carefully  notetl.  The  usual  astptic  precautions  having  been 
taken,  art  anesthetic  is  administered  and  the  operation  is  begun.  It  is 
a  good  plan  in  intracranial  operatiojis  lo  use  chtorofonn  as  an  anesthetic, 
for  congestion  of  ihe  brain  an<i  meninges  is  thereby  lessened.  The  two 
extremities  of  the  fissure  af  Rolando  are  to  be  located,  and  with  the 
burr  passed  through  a  small  tticision  in  the  scalp  the  skull  is  marked, 
so  as  to  show  the  course  of  the  fissure  after  the  scalp  has  been  re- 
flected. This,  of  course,  is  done  only  where  it  is  necessary  to  reflect 
the  skin.  A  large  tlap,  consisting  of  scalp  and  bone — osteocutaneous 
—is  to  be  turned  down,  so  as  to  expose  the  brain  where  desired.  The 
base  of  this  llap  is  (iirecled  toward  its  blood-supply — the  tenijioral  or 
occipital  artery,  as  the  case  may  be — thus  assuring  its  vitality.  A  small 
flap  is  embarrassing  from  failure  to  t-xpose  the  brain  suflficiently.  and  a 
large  flap  is  no  more  dangerous  than  a  small  one;  so  the  flap  is  cut 
with  a  knife  down  to  the  bone,  the  bone  cut  and  forcibly  pressed  out- 
ward, so  as  to  give  way  at  its  base.  The  heniorrhage  is  to  be  arrested 
by  hemostals  or  ligatures  passed  with  a  curved  needle  under  the  skin. 
1  have  not  been  able,  by  encircling  the  head  with  an  elastic  band,  to 
arrest  bleeding  as  I  desired.  In  the  line  of  incision,  then,  the  bone  is 
to  be  cut,  and  here  the  operator  exercises  his  own  fancy.  1  prefer  the 
chisel,  others  prefer  to  trephine  and  cut  through  tJie  bone  with  proper 
forceps  or  the  electric  saw.  The  chisel  gives  good  satisfaction.  Several 
chisels  of  diflerent  shapes  will  be  needed.  The  bone  having  been  cut 
through,  its  base  may  be  cut  somewhat  across  to  facilitate  breaking, 
then  the  whole  flap  turned  down.  Bleeding  from  the  bone  is  sometimes 
excessive  and  inconvenient.  It  usually  .stops  with  a  little  pressure;  if 
not.  the  edge  of  the  bone  at  the  blL-e<Iing  j>oint  may  lie  cruslnrd  in  with 
heavj'  forceps,  or  Ilorslcy's  putty  can  be  rubbed  into  the  cut  edges. 
The  sui-face  of  the  dura  is  examined,  and  it  is  cut  \  inch  from  the  di- 
vided bone  and  a  flap  turned  toward  its  vascular  base.  Any  bleeding 
points  are  tied  with  fine  silk.  If  the  tumor  present,  it  can  be  removed ; 
if  it  should  not  prest-nl,  then  it  may  be  wise  to  enlarge  the  opening  in 
the  skull  with  rcvngeur  forceps,  so  ;is  to  expose  inort;  brain;  or  it  may 
be  that  the  tumor  is  covered  by  the  brain,  so  that  the  brain  will  have 
to  be  opened,  i'atpation  will  enable  one  to  recognize  the  consistency 
of  the  brain,  and  also  probably  whether  there  is  a  tumor  under  the 
cortex.  It  is  better  to  make  a  cut  into  the  brain-substance  than  to 
piincture  it;  the  lalter  procedure  is  misleading,  for.  if  a  soft  tumor 
is  present,  it  may  be  of  the  same  consistency  as  the  brain,  so  that 
puncture  will  reveal  nothing.  It  is  well.  then,  to  tncLse  the  cerebral 
substance  and  investigate  with  the  fingers.  To  avoid  bleeding  from 
the  pia,  curved  needles  carrying  fine  silk  or  catgut  are  to  be  passed 
imder  the  vessels  and  lied.  This  can  be  done  with  advantage  before 
an  attempt  is  made  to  remove  the  tumor,  in  order  to  prevent  hemor- 
rhage. The  consistency  of  the  tumor  will  determine  the  method  of  its 
removal;  the  handle  of  a  knife,  or  the  finger,  the  handle  of  a  spoon, 
etc..  maybe  used.  Hemorrhage  from  the  siteof  the  tumor,  if  c.xces.sivc, 
is  to  be  arrested  by  ligature  or  gauze  pressure.  The  wound  is  closed 
by  putting  the  dura  back  in  position  and  stitching  it.  and  by  bringing  up 
the  osteocutaneous  flap  and  suturing  it  in  position.  The  bones  may  be 
united  by  suture,  or  tl  may  be  that  suturing  the  scnip  tn  place  will  hold 
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the  bone ;  this  can  be  decided  at  the  time  of  operation.  I  think  it  wise 
that  in  most  cases  a  piece  of  gau/^  should  be  left,  so  as  to  drain  any 
bkjod  which  would  otherwise  accunuilate  in  the  bed  of  the  tumor,  and 
the  base  of  the  flap  bone  can  be  cut  away,  so  as  to  give  exit  to  the 
drain.  The  dura  is  stitched  with  fine  silk,  and  the  scalp  with  silkworm- 
gut,  but  the  suture-material  is  a  matter  of  no  importance.  At  the  end 
of  forty-eight  hours  I  remove  the  drain.  A  voluminous  dressing  com- 
pletes the  operation,  and  this  dressing  may  require  removal  if  the  flow- 
of  cerebrospinal  fluid  be  very  great.  After  one  intracranial  operation 
the  flow  of  cerebrospinal  fluid  was  so  great  as  to  wet  through  three 
folded  sheets  in  thL-  first  twenty  hours. 

Protrusions  from  Within  the  Skull. — Protrusion  of  the  mem- 
branes from  within  the  skull  is  always  congenital,  and  is  called  mcningo- 
ciU.  It  is  congenital,  and  more  often  seen  in  the  occipital  region  or 
in  the  neighborhood  of  the  orbit  It  is  more  or  less  extensive,  and 
is  to  be  considered  as  essentially  of  the  same  nature  as  spina  bifida. 
Meningocele  will  present  in  a  line  of  norma]  suture  or  where  there  is  a 
bone-defect  If  the  protruding  membrane  contain  cerebral  tissue  only, 
the  tumor  is  a  mt'mngo-t'uc€phaU>ccU.  It  is  not  alwa>'s  necessary  that 
such  a  tumor  should  be  seen  upon  the  surface  of  the  skull;  it  may 
protrude  through  the  base,  and  is  found  in  the  nasophar>'rgeal  cavity. 
The  tumor  will  be  elastic,  will  fluctuate,  and  it  may  be  that  the  examin- 
ing hand  will  recognize  fluid  as  well  as  solid  contents.  They  are 
generally  partly — in  some  rare  cast;s  jierhaps  entircl>- — rc-ducible  within 
the  skull  by  pressure;  but  symptoms  indicating  brain-pressure  are  pro- 
duced when  such  a  tumor  has  been  made  to  disappear  entirely  within 
the  head.  Again,  such  actions  as  coughing,  sneezing,  crying,  which 
lend  to  produce  congestion  within  the  head,  will  always  prmiuce 
increasetl  tension  in  the  protruding  tumor.  During  sleep  a  partial  sub- 
sidence of  the  tumor  is  noted,  as  wl-II  as  a  diminished  tension.  Prog- 
nosis is  not  favorable,  few  such  children  living  beyond  a  ver>'  short  time. 

Treatment. — Little  that  is  favorable  can  be  said.  Inasmuch  as  spina 
bifida  has  been  operated  on  of  late  years  by  excising  the  sac,  or  at  all 
events  much  of  it,  and  stitching  the  base  of  tlie  tumor,  a  similar  opera- 
tion may  he  tried  with  a  tumor  of  the  kind  under  consideration.  If  no 
brain-substance  be  in  the  sac.  a  nioie  favorable  prognosis  can  be  made ; 
but  it  is  possible  that  the  tumor  can  be  reduced  and  the  sac  tied  off  or 
stitched  off  at  the  opening  of  the  skull,  and  then  the  aperture  in  the 
skull  closed  either  by  stitching  the  soft  parts  over  it  or  by  making  a 
covering  of  the  outer  tabic  of  the  skull  with  its  periosteum.  Pressure 
by  means  of  pads,  bandages,  etc.  does  not  seem  to  have  been  beneficial 
or  to  have  iiuliiced  a  cure  of  such  growths. 

Hydrocephalus. — A  term  applied  to  cases  in  which  fluid  collects 
in  the  ventricles,  distending  the  brain  and  head  (hydrocephalus  intcr- 
nus).  The  condition  is  essentially  chronic,  may  be  congenital,  and  gen- 
erally occurs  during  childhood.  Influenced  by  the  collection  of  fluid 
in  the  ventricles,  the  brain  expands  and  sulci  are  obliterated.  With 
this  progressive  increa.sc  in  bulk  of  the  brain  the  cranium  spreads, 
enlarges,  sutures  are  separateil,  fontanels  elevated,  and  the  appearance 
with  which  ore  is  familiar  is  established.  The  prognosis  is  distinctly 
grave.     In  the  early  stages  of  hydrocephalus  the  diagnosis  is  difficult. 
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if  not  impossible.  When  the  skull  is  enlarged  and  takes  its  character- 
istic shape,  diagnosis  is  easy. 

Treatment. — For  medical  treatment  the  reader  is  referred  to  medical 
treatises.  Suffice  it  to  say  that  the  only  operative  treatment  that  oflTcrs 
possible  advantage  is  aspiration,  or  perhaps  drainage.  The  ojxrration 
of  tapping  is  done  through  the  anterior  fontanel,  or  through  the  line 
of  a  suture  between  ihc  bones,  if  it  should  be  thought  best.  Strict 
attention  to  asepsis  is  absolutely  required.  Drainage  from  the  ventricle 
has  been  tried  by  a  number  of  surgeons,  but  it  is  not  an  operation  that 
can  be  generally  done  with  advantage  or  can  be  confidently  recom- 
mended. Withdrawal  of  fluid  from  the  spinal  canal,  and  therefore 
from  the  cerebral  ventricles,  can  be  easily  done  by  puncture  with  a 
fine  trocar  passed  between  the  lamin.x*  in  the  lumbar  region.  Asa 
diagnostic  measure  it  olifers  opportunity  to  investigate  the  cerebro- 
spinal fluid  and  the  organisms  therein,  but  scarcely  seems  lo  be  a  ther- 
apeutic measure  by  which  excessive  secretion  of  this  fluid  shall  be 
prevented.  It  is,  however,  a  method  by  which  direct  application  of 
drugs  can  be  made  to  the  centra!   ner\'ous  system. 

Aneurysm  within  the  Head.^Diagnosis  of  aneurysm  within 
the  head  is  extremely  difficult,  and  it  is  doubtful  if  certain  knowledge 
of  its  existence  can  always  be  obtained.  The  symptom  which  is  niosl 
relied  upon  is  the  aneurj'smal  bruit :  and  if  the  aneurj'sm  is  in  the 
neighborhood  of  the  eye,  protrusion  from  the  orbit  may  occur.  The 
presence  of  a  growth,  bony  or  otherwise,  which  diminishes  the  caliber 
of  the  .irtcr)"  within  the  head  will  give  rise,  however,  to  a  similar  bruit 
to  that  upon  whicii  the  diagnosis  of  ancurj'sm  largely  rests.  Pressure 
upon  the  parent  ves.sci  without  the  head  will  cause  the  bruit  to  cease, 
but  tins  will  be  the  case  whether  the  vessel  is  dilated  or  whether  an 
exostosis  exist.  The  patient  is  conscious  of  the  sound,  wliich  is 
extremely  disagreeable.  If  in  the  neighborhood  of  the  cavernous 
sinus,  the  blnod-current  through  the  veins  will  be  interfered  with,  but 
thi.s  is  as  true  of  an  exostosis  as  of  an  aneury.sm.  A  malignant  growth 
pressing  on  the  vessel  would  give  rise  to  a  bruit,  but  here  the  increase 
of  symptoms  would  take  place  more  rapidly  than  if  an  ancur>*sm  were 
present.  The  only  treatment  that  offers  prospect  of  recovery  is  to 
tic  the  parent  vessel — usually  the  internal  carotid — and  this  it  will  be 
proper  to  do  on  the  affected  side,  if  the  symptoms  become  tmbearable. 

TREPHINING. 

Trephining  for  Imbecility.— If  imbecility  were  always  the 
result  of  .1  knoun  contliliun  of  afiiiirs  in  tlie  brain,  there  would  not  be 
much  difficulty  in  arriving  at  a  conclusion  as  to  whether  trephining  is 
beneficial  or  not;  but  in  view  of  the  multiform  causes,  both  congenital 
and  acquired,  of  defective  intellect,  the  expediency  of  trephining  is 
most  uncertain.  Probably  the  most  sensible  way  to  look  at  it  is  to 
consider  that  imbecility  is  a  sym])toni,  and  then  in  discuss  the  question 
as  to  whether  trephining  will  relieve  it  by  removing  the  cause.  It  is 
perfectly  plain  that  when  an  undeveloped  brain  is  present,  trephining 
will  be  useles.s.  When  there  is  arrested  development,  no  good  is  to  be 
expected.     When  intracranial  tumors  or  clots  exist,  it  is  possible  that 
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some  benefit  may  result ;  but  the  cases  which  arc  to  be  benefited  arc 
those  in  which  there  is  some  definite  lesion  which  a  surgical  operation 
car  be  exiK-cted  to  remove.  If  the  imbecility  be  due  to  sucli  a  cause, 
in  removing  the  cause  the  trephining  will  benefit  the  condition  of  imbe- 
cility ;  but  without  this,  one  can  scarcely  expect  any  good  to  follow  an 
u]jeration.  When  the  changes  are  in  the  brain-tissue,  as  from  an  excess 
of  connective  tissue  (porcncephalus),  good  is  not  to  be  expected.  Of 
late  years  and  in  a  large  number  of  cases  the  scalp  has  been  reflected 
and  the  head  has  been  opened  very  extensively,  for  llie  purpose  of 
permitting  an  increase  of  growth  and  development  of  the  brain.  These 
are  supposed  to  be  cases  in  which  the  brain  is  unduly  small.  A  favor- 
able result  has  been  reported  a  number  of  times  shortly  after  opera- 
tion, as  though  the  operation  had  acted  as  a  stimulant  to  the  develop- 
ment of  the  brain.  Probably  it  would  be  just  as  well  if  we  knew  the 
result  after  a  year  or  two.  tJicn  we  niiglit  form  an  idea  as  to  wticthcr 
improvement  reported  immediately  after  operation  had  continued, 
and  whether  the  improvement  was  not  tem|x>rary.  or  whether  a 
relapse  to  the  original  mental  condition  did  not  take  place.  The  dura 
in  such  cases  has  never  been  opened  to  an  extent  equalling  the 
cranial  cut,  and  the  amount  of  enlargement  which  ^vas  given  to  the 
intracranial  space  was  probably  not  very  great.  At  all  events,  before 
we  decide  as  to  the  expediency  of  such  an  operation,  some  light  on  the 
subject  is  wanted. 

Trephining  for  Epilepsy. — Trephining  for  epilepsy  is  one  of  the 
early  operations  of  which  we  have  record,  hut,  having  been  often  unsuc- 
cessful because  performed  in  cases  not  suited  for  it,  it  was  done  more  and 
more  rarely.  At  the  present  time  it  is  employed  in  certain  cases  only, 
and  yet  still,  unfortunately,  it  yields  only  moderate  success.  The  cases 
in  which  trephining  produces  a  cure  are  those  to  which  attention  was 
called  by  Ihighlings  Jackson — namely,  those  in  whtcli  llie  epilepsy  is 
the  result  of  a  dcfitjite  cortical  lesion,  and  the  epileptiform  convulsions 
become  general  only  after  having  given  indiciitions  of  lociil  origin, 
Thus  there  will  lie  an  indication,  sensor}-  perhaps,  but  more  likely 
motor,  of  .some  special  region,  which  the  patient  will  appreciate;  after 
which  there  will  follow  indications  of  motor  disturbance  in  the  cortex 
of  the  brain  adjacent  to  that  in  which  the  trouble  has  commenced, 
and  then  by  extension  the  convulsions  become  general.  Thus 
there  may  be  disturbance  of  a  finger  or  the  thumb,  and  then  of  the 
himd.  wrist,  forearm,  arm.  etc.  the  convulsion  always  commencing  in 
the  thumb,  and  spreading  thence.  In  such  a  case  it  would  be  proper 
to  open  the  skull  over  the  thumb-center,  which  might  be  found  dis- 
eased, cither  from  adhesions  of  old  inflammation  or  from  a  cysl,  or 
a  tumor,  or  a  growth  of  some  kind.  It  would  then  be  projicr  to 
remove  the  adhesion  or  the  growth,  or  even,  in  the  absence  of  any 
gross  le.sion,  to  excise  the  center  presiding  over  the  portion  of  the  body 
first  affected,  in  the  ex[>ectation  of  removing  the  source  of  trouble.  In 
traumatic  cases  a  depression  of  bone,  or  a  loose  spicule  of  bone,  or 
adhesion  between  the  skull  and  the  brain — cicatricial  tissue — would  be 
a  cause  fur  operation.  It  might  haj^pen  after  an  injury  that  the  portion 
of  bone  plainly  depressed  tlid  not  correspond  with  the  center  from 
which  the  convulsion  started.     In  such  a  case  one  might  expect  to  find 
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a  fragment  of  the  inner  table  pressing  on  the  brain,  or  a  blood-clot 
which  had  degenerated  and  become  cystic,  or  adhesion,  or  what  not ; 
and  the  surgeon  should  always  be  guided  in  his  operation  by  the  study 
of  cerebral  localization  and  not  of  a  gross  depression  of  the  skull, 
which  he  would  easily  recognize.  It  is  perfectly  possible  for  a  depres- 
sion in  the  skull  to  remain  without  trouble  through  life.  The  indication 
for  an  operation  is  to  be  sought  for,  when  possible,  by  localizing  the 
offending  cause  in  some  known  cortical  area.  Operations  for  the  cure 
of  epilepsy,  when  of  the  Jacksonian  type,  are  to  be  looked  upon  favor- 
ably unless  the  epileptic  habit,  from  long  continuance,  has  become 
established.  In  that  case  the  prognosis  is  much  more  unfavorable. 
Shortly  after  the  beginning  of  the  trouble,  however,  trephining  may 
be  expected  to  have  a  good  result.  Where  the  lesion  cannot  be 
definitely  located,  where,  in  other  words,  the  cause  cannot  be  known, 
trephining  for  epilepsy  has  properly  fallen  into  disuse.  A  careful  study 
of  that  which  has  gone  before  in  regard  to  locating  lesions  in  the  brain 
is  to  be  considered,  and  the  operation  decided  on  or  not,  as  the  case  may 
indicate.  After  a  general  convulsion  local  paralysis  may  remain  ;  this 
is  believed  to  be  due  to  the  exhaustion  of  some  motor  center  in  the 
cortex,  and  will  probably  correspond  to  that  part  of  the  body  in  which 
the  convulsion  began.  If  so,  it  will  be  an  additional  aid  in  locating 
the  lesion.  This  will  be  true  if  the  centers  presiding  over  the  special 
senses — sight,  hearing,  and  speech — are  involved. 


CHAPTKR    XXV. 
SURGERY   OF   THE   SPINE. 

SPRAIN. 

The  spinal  column  may  be  sprained  by  the  laceration  to  a  greater 
or  less  degree  of  its  ligaments,  the  result  usually  of  extreme  flexion, 
though  violent  twists  and  overextension,  such  as  is  produced  by  fall- 
ing back  over  a  bar,  may  give  rise  to  the  same  form  of  injury.  The 
most  common  situations  for  sprains  are  the  cervical  and  dorstlum- 
bar  regions.  Probably  in  all  cases  some  tearing  of  neighboring  mus- 
cles and  fascia:  occurs,  leading  to  effusion  of  blood,  which  is  sometimes 
evidenced  by  a  swelling  or  by  discoloration  of  the  skin.  This  is  seen 
in  the  case  of  the  rider  who  is  thrown  over  his  horse's  head ;  the 
structures  attached  to  the  seventh  cervical  spine  are  torn  through,  and 
a  hematoma,  often  very  large,  makes  its  appearance.  In  severe  cases 
the  anterior  and  posterior  common  ligaments  may  be  lacerated.  Injury 
to  the  ligaments  which  are  in  close  proximity  to  the  spinal  canal  may 
be  associated  with  rupture  of  veins  and  hemorrhage  into  the  caiial. 
Laceration  of  the  supraspinous  ligament  may  be  evident  on  examina- 
tion, but  with  this  exception  we  have  to  rely  for  diagnosis  rather  on 
the  subjective  symptoms  and  the  historj,'  of  the  injurj'  tlian  on  any 
obvious  .signs. 

The  Symptoms  are  local  pain,  with  aggravation  on  movement, 
tenderness,  and  rigidity.  There  may  be  some  obvious  swelling  from 
extravasation  of  blood,  but.  owing  to  the  depth  of  the  |Mirts  sprained, 
this  is  generally  absent.  When  the  injury  is  in  the  lumbar  region, 
there  may  be  inability  to  move  the  legs  or  to  start  the  acts  of  mictu- 
rition and  defecation,  owing  to  the  p^un  that  the  necessary*  muscular 
efforts  cause,  and  thus  a  lesion  of  the  cord  may  be  simulated.  Sprains 
may  be  associated  with  hemorrhage  into  the  canal,  or  complicated  by 
the  extension  of  inflammation  to  the  spinal  contents  when  the  struc- 
tures bordering  the  canal  are  affected.  Neuralgia  from  involvement  of 
the  nerve-roots  may  give  rise  to  long  persistent  trouble. 

Treatment  by  rest  and  hot  fomenutions  is  the  first  essential.  If. 
however,  rest  is  prolonged  unduly,  muscular  and  fascial  stiffness  with 
accompanynig  pain  will  result,  as  in.sprain-i  elsewhere.  It  is  well  to 
avoid  this  in  these  cases  by  the  early  adoption  of  massage,  and  espe- 
cially since  the  patient  is  likely  to  attach  an  exaggerated  importance  to 
his  spinal  pain. 

DISLOCATION. 

Dislocation  of  the  spine  apart  from  fracture  is  rare,  and  is  practi- 
cally confined  to  the  cervical  spine,  occurring  most  frequently  in  the 
lower  half  of  this  region.      It  may  be  either  unilateral  or  bilateral. 

8}8 
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The  dislocation  is  usually  brougfht  about  by  hyperflexlon,  wliJcli  causes 
the  inferior  articular  [>rocesses  of  the  vertebra  above  to  slip  forward  and 

upward  on  the  superior  artic- 


ular processes  of  the  vertebra 
bolow.  This  is  rendered  pos- 
■-iljlc  by  tlic  tearing  or  sepa- 
r.ition  of  the  intervertebral  disk 
and  laceration  of  the  inti:r%cning 
lij^amcnts.  The  displacement 
uf  the  upper  part  of  the  spine 
IS  nlrnost  invariably  forward 
fFijj.  4»0'  Unilateral  disloca- 
tion is  Sometimes  brought  about 
h>'  extreme  rotation  of  the  neck. 
When  this  occurs,  the  head  will 
lie  ttinjcd  toward  the  op{>oBite 
sitic  ant!  fixtd  in  that  position, 
wliilf  an  irregularity  in  the 
spines  and  in  the  transverse 
processes  will  be  obvious. 

Pressure  upon  the  nerves 
issuing  between  the  displaced 
vertebra-  gives  rise  to  periph- 
eral pain  and  numbness.  Van*- 
ing  dcgree-s  of  paralysis,  both 
of  motion  and  .sensation,  up  to 
the  level  of  the  lesian  will  result 
from  compression  of  the  spinal 
cord,  and  will  depend  upon 
the  amount  of  injury  mflicted. 
Wlicn  the  dislocation  is  uni- 
lateral, the  cord  may  escape 
injury  or  the  damage  to  it  be  but  slight.  Lesser  degrees  of  dis- 
pbiceiiient,  ni)t  amounting  tn  actual  di-slircation,  may  occur,  as  in 
one  case  which  canit-  umlrr  our  notice,  where  laceration  of  liga- 
ments led  to  undue  nufbility  in  the  lower  cervical  spine.  Three 
months  after  t!ie  accident,  tingling  in  Ihc  fingers  could  be  produced 
by  forcibly  exaggerating  the  noniial   movements  of  this  part. 

The  prognosis  (k'pends  ujMjn  tin;  degree  of  damage  to  the  sjMnal 
cord  cither  pnHlua't!  directly  or  resulting  from  intras|iinal  licmorrhage, 
Occipito-atloid  dislocation,  the  result  of  violence,  is  always  fatal, 
but  rccovtri<.:s  after  dislocation  of  the  atlo-axold  articulation  are  on 
record.  If  after  an  injurj'  the  face  is  turned  to  one  .side  and  the  power 
of  rotation  of  the  head  is  lost,  a  unilateral  dislocation  of  this  joint 
would  be  suspected.  If  the  transverse  ligament  is  torn,  or  the  odon- 
toid process  broken,  the  case  would  in  alt  probability  be  at  once  fatal. 

Dorsal  dislocation,  if  it  ever  occurs,  could  not  lie  diagnosed  from  a 
fractiMf-dislocation  at  the  same  spot. 

Treatment. — To  begin  xvith.  reduction  of  the  displacement  should 
be  attempted.  This  is  much  more  likely  to  succeed  when  the  dislo- 
cation is  unilateral   than  when   it  is  bilateral.     It  is  usually  recom- 


tm.  ^11,-  in\li]r:iii(i«i  iiirwtifrl  m  ihc  sisiii  cervi 
cal  vencbr.i  (Guy's  Hospital  Museum). 
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mended  that  the  reduction  should  he  effected  by  combining  extension 
with  rotation  of  the  head  from  side  to  side.  It  seems  prob;»blc.  as 
WaUun  points  out,  that  it  is  rather  to  the  manipulation  involved  in  Ihc 
rotation  tJjan  to  the  extension  that  the  success  of  this  [jroce<lure  is  to 
be  .iscribed.  He  advocates,  therefore,  in  cases  of  unilateral  dislocation, 
the  use  of  reirolateral  flexion — that  is,  bending  of  the  head  obliquely 
backward  and  to  the  side  opposite  to  that  of  the  displaced  process,  in 
combination  with  rotation.  He  found  experimentally  that  a  moderate 
amount  of  traction  in  a  direct  line  would  not  raise  the  displaced  artic- 
ular procc^is  in  the  least  degree,  whilst  the  above  manipulation  readily 
unlocked  il. 

Ill  bilateral  dislocation  he  recommends  that  the  same  metliod  should 
he  employed  alternately  on  the  two  sides.  Reduction  will,  however, 
often  be  found  impossible.  Taking  into  consideration  the  fact  that 
death  vcrj'  speedily  follows  litis  displacement,  if  unreduced,  we  con- 
sider that  tlic  right  line  of  practice  to  pursue  is  to  cut  down  and  cxp«>sc 
the  vertebra:  from  behind,  dividing  such  structures  as  interfere  with 
reduction,  and.  If  necessary,  removing  the  superior  articular  processes 
of  the  vertebra  below. 


FRACTURE:  FRACTURE-WSLOCATION. 

Fractures  of  the  .spinal  column  may  be  conveniently  divided  into 
those  that  involve  the  neural  arch  and  its  processes,  and  those  that, 
passing  through  the  bodies,  interrupt  the  continuity  of  the  spinal  column. 
These  latter  are  usually  associated  with  more  or  less  displacement  of 
the  upper  |»art  of  the  spine  on  the  lower — a  condition  lo  which  the  name 
fracture- dislocation  is  given. 

Fracttire  of  the  Netiral  Arch. — A  spiuom  profess  ma)-  be  fract- 
ured by  direct  violence ;  being  superficial,  the  injury  can  be  rccogniied 
by  the  ordinary  signs  of  fracture — pain,  mobility,  crepitus,  and  irregu- 
larity in  the  line  of  the  spines. 

One  or  both  iamhur  may  be  fractured,  with  more  or  less  displace- 
ment. Though  this  accident  cannot  always  be  recognized  with  cer- 
tainty, a  diagnosis  may  be  effected  by  attention  to  the  following  points : 
A  history  of  direct  violence;  lateral  mobility  of  a  spinous  process;  one 
or  more  spines  out  of  the  normal  line  or  depressed  below  the  level  of 
those  above  and  below ;  rarely,  crepitus  on  manipulation ;  and,  in  some 
cases,  symptoms  pointing  to  compression  of  the  cord. 

The  importance  of  diagnosing  correctly  this  form  of  accident,  more 
especially  when  associated  with  pressure  upon  the  cord.  dcfHrnds  on  the 
fact  that  it  oflcrs  more  opportunities  of  hopeful  surgical  interference 
than  are  found  in  fracture-dislocation. 

Fracture-dislocation. — Fractures  of  the  vertebral  bodies  involv- 
ing a  complete  separation  of  the  spinal  colunm  arc  usually  attended  by 
displacement  of  the  upper  i>art  of  the  spine  on  the  lower.  Fracture- 
dislocation  is  most  common  in  the  more  flexible  portions  of  the  spine — 
/.  e.,  in  the  lower  cer\'ical  and  the  dorsilumbar  regions.  It  rcsulLs  most 
commonly  from  indirect  violence,  such  as  is  caused  by  falls  onto  the 
head  or  buttocks,  by  a  weight  falling  upon  the  shoulders,  or  by  catch- 
ing the  head  in  passing  under  an  arch.     Under  such  circumstances  the 
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injury  is  caused  by  acute  flexion  of  the  spine.  One  or  perhaps  two 
vertebra!  bodies  are  irregularly  fractured,  while,  the  arches  being  forci- 
bly separated,  either  dislocation  of  the  lateral  joints  takes  place,  or  the 
neural  arch  and  its  processes  are  fractured.  The  upper  segment  is 
usually  displaced  fonvard  and  downward  on  the  lower,  owing  to  the 
line  of  fracture  having  commonly  tliis  direction.  The  same  injury  may 
result  from  direct  violence,  such  as  falling  back  over  a  bar.  In  these 
cases  tlicre  occurs  considerable  comminution  of  tiie  arches,  whilst  fronn 
the  overextension  produced  the  vtrrtebra*  are  torn  apart,  in  some  cases 
at  the  junction  of  a  body  with  its  intervertebral  disk.     As  the  result  of 


4 


Fig.  41a.— Fraclute  uf  iIk  lini  lumbiLr  vertebra,  with  displnctmcnl  forward  of  the  npptf  wf 
menl  rif  ihr  spine  ((luy'n  Honpiku  Muteuin). 

the  dislocation  forward  of  the  upper  part  of  the  spine  on  the  lower,  the 
cord  is  more  or  less  .severely  nipped  or  completely  crushed  from  the 
sci-ssor-likc  action  of  the  fragments. 

Ail  grades  of  severit\-  are  met  with,  but  the  extent  of  the  injury  has 
to  be  inferred  rather  fmm  the  history  of  the  accident  and  the  degree  of 
paraplegia  resulting,  than  from  a  local  examination  of  the  spine,  which 
may,  especially  in  muscular  patients,  show  but  little  deformity,  masked, 
too.  as  the  latter  is,  by  .subcutaneous  blood-effusion. 

SjTuptoms.^Therc  is  generally  severe  local  pain,  and  the  patient 
has  a  marked  dread  of  movement.  He  may  volunteer  the  statement 
that  his  back  is  broken,  and  complain  of  loss  of  feeling  in  tlic  parts 
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below.  It  might  be  supposed  that  collapse  would  be  marked ;  but  this 
is  not  the  rule,  and  the  alertticss  of  the  [Hitit;nt  miyht  suggest  to  the 
inexperienced  that   he  had  su(Tt!r<jd  no  very  severe  accident. 

Locally  a  boss  may  snmftinie-s  be  felt,  this  being  due  to  the  promi- 
nence of  the  vertebra  below  the  line  of  fracture,  consequent  on  the  for- 
ward displacement  of  the  upper  scj^mcnt  of  the  spine ;  or  there  may  be 
a  wide  separation  between  two  spinous  processes,  as  thougJi  one  ver- 
tebra had  been  rent  from  the  other  by  hyperflexton.  A  spinous  process 
may  be  broken  off  at  its  base  or  throuj^h  ihc  neural  arch,  and  uccasjun- 
ally  crepitus  is  felt  as  the  patient  is 
lifted,  Accompanying  the  bone-injury 
will  be  much  bruising  and  laceration 
of  the  soft  parts,  with  swelling  from 
extravasatcd  blood,  which  renders  an 
examination  of  the  bones  beneath 
diflRcult. 

Injury  to  the  spinal  cord  is  the 
most  important  result  of  fracture-dis- 
location (Fig.  413),  and  its  severity  is 
to  be  judged  by  the  extent  and  sever- 
ity of  the  paraplegia.  Usually  this  is 
complete,  the  accident  being  followiil 
by  entire  loss  of  movement  and  sen- 
sation in  the  parts  below  the  level  of 
the  lesion.  When  partial,  there  is 
some  hope  that  blontl-extmvasation 
and  not  bone-ilisp!accment  is  the 
cause  of  the  paralysis.  Where  the 
cord  has  been  divided  across,  the  im 
mediate  and  permanent  loss  ofthckiH.^ 
and  deep  reflexes,  besides  complete 
paraptegia.is  usually  seen.  The  su|x;r- 
ficial  reflexes,  variable  in  health,  are 
unreliable  for  diagnosis.  The  blacUli  i 
becomes  paralytically  distended,  ow  \  - 
flow  incontinence  resulting.  The  rec- 
tum also  IS  paralyzed.  In  partial 
transverse  lesion  of  the  cord  absence  .     F>«- 413— fr»etun>-di*ioc*tion  show- 

ft  a  J    .1.  ^    )»E  crushing  of  ibe  cord  (Guy  »  Hosuiial 

of  deep  reflexes  and  the  presence  of  mumou,). 
complete  paraplegia  will  at  first  be 

observed,  but  in  a  week,  more  or  less,  the  paraplegia  will  be  noticed 
to  be  incomplete,  exaggerated  reflexes  and  ankle-clonus  will  be  found, 
the  bladder  will  be  emptied  involuntarily  and  unconsciously,  and  the 
motron-i  will  be  spasmodically  passed.  In  these  latter  cases  improve- 
ment may  continue  for  a  time,  and  then  evidence  of  degeneration  of 
the  pyramidal  tracts  will  be  seen  in  increased  energy  of  the  reflexes 
and  the  onset  of  a  spastic  or  contractured  state  of  the  muscles.  This 
condition  is  not  seen  in  complete  transverse  cord-division,  though  some 
pyramidal  degeneration  be  jjrescnt. 

After  the  immediate  effect  of  the  injury  is  over,  priapism,  partly 
from  paralytic  engorgement,  partly  from  reflex  irritation  (the  erection 
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center  not  having  been  destroyed),  is  commonly  seen  ;  ejaculatio 
inis  is  less  frequent. 

Where  paraplegia  is  not  total,  sensation  will  predominate  over 
motion,  and  a  study  of  the  anesthetic  levels  is  the  safe  guide  to  the 
exact  physiological  level  of  the  cord  injury.  A  band  of  hyperesthesia 
at  the  limit  of  the  anesthetic  area  is  generally  present  The  tempera- 
ture after  the  injury  is  usually  considerably  raised,  reaching  106"  F.  or 
even  a  greater  height ;  later  it  becomes  subnormal,  though  it  may  be 
influenced  by  tlie  various  complications,  sucli  as  cj'stitis,  which  subse- 
quently arise. 

Serious  interfcrcnct:  with  breathing  is  caused  by  injury  to  the  cord  in 
the  cervical  and  dorsal  regions.  A  lesion  above  the  fourth  cervical 
nerve  will  cause  death  from  total  failure  of  respiration.  litlow  this 
point  respiration  wiU  be  carried  out  by  the  diaphragm,  owing  to  the 
escape  of  the  phrenic  nerves,  and  by  a  varying  number  of  intercostal 
muscles,  depending  upon  the  level  of  the  injur,'.  In  the  lower  dorsal 
region  breathing  m;iy  be  hampered  by  paralysis  of  the  abdominal 
muscles  and  by  tympanites.  When  the  injur>-  is  in  the  lower  cer\'ical 
spine,  contraction  of  the  pupil  often  exists  from  damage  to  the  cilio- 
spinal  center. 

Frog^uosis. — This  is  always  exceedingly  grave,  not  only  as  regards 
immediate  risk^  to  life,  but  from  the  point  of  view  of  subsequent 
recovery.  It  depends  on  the  degree  of  injurv'  to  the  cord  and  on  tlie 
situation.  The  higher  up  the  injury,  the  more  serious  the  case ;  and 
whilst  it  might  be  exjicctcd,  upon  physiological  grounds,  that  a  partial 
division  of  the  cord  offered  the  better  chance,  yet  clinically  there  is 
little  choice  between  the  spastic  palsy  of  such  a  case  and  the  total 
paresis  of  a  complete  section  of  the  spinal  marrow.  A  cord  com- 
pressed by  blood  or  by  a  depressed  neural  arch  or  a  fracture-disloca- 
tion in  the  lumbar  region  (area  of  chorda  equina)  offers  the  best  chance 
of  recovery,  more  or  less  complete.  Death  is  commonly  broujjht 
about  by  bronchitis  when  the  movements  of  the  chest  are  impeded  by 
bed-sores,  cystitis,  and  suppurative  pyelonephritis. 

Operative  Treatment.— We  have  already  referred  to  the  fact 
that  fracture  of  the  neural  arch  is  more  likely  to  be  benefited  by  an 
operation  than  fracture-dislocation.  When  the  lamina;  arc  broken  by 
direct  violence  and  driven  in  on  to  the  cord,  the  case  may  be  compared, 
as  regards  treatment,  with  depressed  fracture  of  the  .skull.  Lamin- 
ectomy should  be  performed,  and  the  de]>rcssed  fragments  elc\*ated 
and  removed.  If  this  is  promptly  carried  out,  there  is  hope  of  com- 
plete relief,  though  the  large  amount  of  permanent  damage  that  a 
coniijaratlvely  slight  lesion  of  the  cord  may  cause  should  be  borne  in 
mind. 

When,  however,  we  have  to  deal  with  a  fracture  involving  the  con- 
tinuity of  the  spinal  column,  the  indications  are  less  clear.  Where 
marked  displacement  has  occurred,  and  no  doubt  exists  that  tlie  cord 
is  irremediably  crushed  by  the  scissor-like  action  of  the  two  segments 
of  the  spine,  operation  is  iiot  only  useless  but  harmful,  as  adding  to 
the  immediate  risks  nf  life. 

Certain  cases  remain  in  which  the  paralysis  is  jiartial.  and  the  cord 
apparently  not  damaged  beyond  all  hope  of  refxiir.     It  happens  occa- 
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sionally  that  the  history  of  the  onset  and  the  character  of  the  symp- 
toms give  strong  rca.*;ons  for  supposing  that  tJii:  paralysis  is  caused  not 
so  much  by  the  dislocation  of  the  spine  as  by  the  effusion  of  blood 
into  the  membranes,  or  more  rarely  by  a  spicule  of  bone  wounding 
the  cord.  Under  these  circumstances,  operation  for  the  rehef  of  com- 
pression should  be  undertaken  without  delay.  Such  clear  indication* 
arc.  however,  rare,  and  more  often  it  is  impossible  to  state  the  exact  na- 
ture of  the  lesion  and  to  what  extent  the  cord  is  irremediably  injured. 
Two  courses  are  open  to  us — cither  to  operate  in  every  instance 
of  doubt  or  not  to  operate  at  all  unless  some  clear  indication  for  so 
dning  appears  in  the  subsequent  course  of  the  case.  Of  the  two,  we 
prefer  the  former,  and  our  practice  is  to  perform  laminectomy  at  once, 
regarding  the  operation  in  the  first  instance  as  an  exploratory'  one. 
The  hope  of  restoration  of  function  in  those  cases  in  which  the  cord 
is  not  irretrievably  damaged  depends  on  the  promptitude  with  which 
the  cause  of  cnmpres.Mon  is  removed  ;  and  however  small  the  number 
of  cases  may  be  in  which  benefit  is  to  be  looked  for,  we  hold  that  even 
these  few  justify  one  in  immediate  operation. 

It  is  not  difficult  to  perform  laminectomy,  since  the  soft  parts  are 
always  found  torn  and  detached  from  the  bone,  and  the  introduction 
of  cutting  instruments  or  forceps  under  the  lamina:  is  easy  from  the  dis- 
placement present.  We  advise  the  thorough  irrigation  ofthe  wound  after 
the  o|K;ration  and  its  immctllatc  closure  without  a  drain,  so  that  there 
may  be  no  need  of  the  frequent  dressings  that  drainage  would  entail. 
Where  an  exploratory-  laminectomy  has  been  undertaken  in  fracture- 
dislocation,  and  such  displacement  found  that  the  removal  of  the  ncunil 
arch  does  not  suffice  to  relieve  pressure  on  the  cord  entirely,  the  oper- 
ation can  be  extended  to  the  lateral  processes,  so  that  manipulation  in 
the  wound,  combined  with  extension,  may  perhaps  succeed  tn  restoring 
the  normal  line  of  the  spinal  column. 

Non-Operative  Treatment. — This  begins  with  lifting  the  patient 
into  bed,  and  requires  si.x  assistants,  two  below  and  two  above,  making 
extension  and  counterextcnsion  by  the  legs  and  shoulders,  and  two, 
one  on  either  side,  with  hands  clasped  beneath  the  injured  back. 

When  the  first  slight  shock  is  over,  however  severe  the  case  may 
appear,  we  advise,  especially  in  dorsal  fracture-dislocation,  that  power- 
ful extension  and  counterextension  be  made,  aided  by  the  administra- 
tion of  an  anesthetic,  and  the  judicious  manipulation  of  the  spine  by 
the  surgeon  at  the  same  time.  No  harm  can  result  from  this,  and 
though  no  benefit  can  be  expected  in  those  cases  in  which  the  cord  has 
been  completely  crushed,  the  patient's  suffering  consequent  on  the  irri- 
tation of  ner\'e-roots  is  considerably  alleviated,  tn  those  cases  in 
which  the  paralysis  is  only  partial,  and  in  which  reduction  is  preferred 
to  operation  as  a  mcan.s  of  treatment,  such  repl.icenient  of  the  fractured 
vertebrai  may  be  an  importuit  factor  in  producing  some  amelioration 
of  the  iMiraplegia. 

Often,  however,  attempts  at  restoration  of  the  normal  line  of  the 
spinal  column  fail  from  impaction  and  interlocking  of  the  fragments 
of  bone- 
Rigid  con6nemcnt  in  the  supine  position  on  a  firm  mattress  must  be 
enforced  for  five  or  six  weeks,  when,  if  the  paraplegia  has  been  but 
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partial,  the  application  oX  a  suf^rt,  such  as  a  poroplastic  or  plaster-c^ 
Fans  jacket,  will  enable  the  patient  to  sit  up,  and  shortly  to  be  out  of 
bed  on  crutches.  He  can  thus  be  induced  early  to  make  all  the  use 
possible  of  his  extremities,  while  at  the  same  time  his  own  eflforts  are 
aided  by  massage ;  and,  indeed,  we  advise  this  latter  in  partial  para- 
plegic cases  as  soon  as  the  patient  can  bear  the  manipulati<»i. 

The  use  of  a  catheter  and  the  treatment  of  cystitis  will  be  guided 
entirely  by  the  sui^eon's  experience.  Not  the  least  important  fiictor  in 
the  prolongatibn  of  the  patient's  life  is  careful  and  skilful  nursing,  the 
nurse's  special  aim  being  the  avoidance  of  bed-sores — a  difficult  matter, 
considering  that  the  feces  and  urine  are  always  passed  involuntarity. 

In  fracture  in  the  atlo-axoid  region,  if  the  patient  survive,  the  same 
care  must  be  taken  to  keep  the  head  rigidly  fixed  (whilst  the  patioit  is 
recumbent  on  a  firm  bed)  within  the  curve  of  a  horseshoe  sand-l»g,  a 
small  6rm  pillow  being  placed  under  the  nape  of  the  neck.  After  a 
month  one  of  the  many  forms  of  instrumental  or  felt  supports  should 
be  fitted,  which,  by  fixing  the  head  and  supporting  its  weight,  will  allow 
the  patient  to  get  up  from  his  bed. 

Fracture  and  DislocBtioa  of  the  Cocxryii,—DisU>cation  of  the 
coccyx  backward  may  occur  durii^  the  act  of  defecation  or  during 
parturition.  Displacement  forward  may  result  from  blows  or  &lls  on 
the  buttocks,  though  under  these  circumstances  fracttire  is  more  fre- 
quently produced.  Either  condition  can  be  easily  diagnosed  by  com- 
bined internal  and  external  examination ;  and  reduction  being  effected 
by  the  fingers,  the  bowels  must  be  kept  confined  for  some  days,  the 
motions  being  subsequently  rendered  as  soft  as  possible  before  the  first 
action  takes  place. 

Both  these  forms  of  injury,  more  especially  fracture,  as  also  mere 
contusions  of  the  coccyx,  may  lead  to  a  severe  and  chronic  neuralgia 
known  as  coccydynia.  It  occurs  generally  in  women,  who  from  motives 
of  delicacy  will  frequently  refrain  from  mentioning  it,  and  adopt  semi- 
invalid  ways.  The  pain  is  often  so,  severe  as  to  render  sitting  impossi- 
ble, and  any  movement  involving  a  strain  on  the  part  intensifies  the 
suffering.  The  pain,  though  chiefly  local,  may  extend  up  the  spine, 
and  in   nervous  people  give  rise  to  a  dread  of  spinal  disease. 

An  examination  may  reveal  nothing  but  a  tender  spot  on  one  or 
other  surface  or  at  the  tip  of  the  bone;  in  other  cases  evidence  of  dis- 
location or  fracture  may  be  found. 

Treatment. — When  nothing  to  account  for  the  pain  exists,  subcu- 
taneous division  of  the  structures  attached  to  the  bone  dorsally  and 
laterally  will  sometimes  produce  a  cure ;  but  if  not,  or  if  there  is  known 
to  be  vicious  union  after  fracture,  with  perhaps,  as  often  happens,  a 
painful  projecting  bony  spicule,  more  or  less  of  the  coccyx  should  be 
resected.  When  dislocated,  the  bone  may  be  replaced,  if  other  means 
fail,  by  resection  of  the  sacrococcygeal  joint,  aided  by  division  of  the 
surrounding  fascial  and  muscular  tissues. 

HEMATORACHIS  AND  HEMATOMYELIA. 

Hematorachis,  or  Spinal  Meningeal  Hemorrhage. — Hemor- 
rhage   into    the    membranes    may  accompany  injuries    of   the   spinal 
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column,  or  nwy  b*-  the  sole  result  of  a  blow  or  iall.  The  blood  may- 
be exttiivasatcd  cither  within  thtr  dura  mater  or  outside  it.  the  latter 
bein^  the  me>re  frccjucnt. 

The  symptoms  indicative  of  licmatnrncliis  arc  severe  pain  in  the 
sf*in(,  extending  snme  distance  from  the  sent  i»f  injury,  and  dependent 
upon  irritaliun  of  the  meninges  ;  peripheral  pain  in  the  distribution  of 
the  nerves  wliich  Ijave  their  origin  within  the  area  of  the  hemorrhage, 
due  to  the  irritation  of  the  sensory  roots  by  the  cxtravasated  blood, 
the  pain  being  paroxysn»al  and  burning  in  character;  muscular  spasm^ 
or  occasionally  persistent  contraction,  frequently  associated  with  the 
latter,  produced  by  irritation  of  the  motor  nerve-roots,  and  having  a 
distribution  that  depends  on  the  particular  nerves  affected.  Opisthoto- 
nos may  result  from  involvement  of  the  vertebral  muscles,  and  occa- 
sionally a  general  convulsive  seizure  may  occur. 

Following  these  symptoms,  due  to  irritation  of  nerve-structures, 
paraplegia  of  varying  degrees  of  severity,  frojii  pressure  upon  the  cord, 
makes  its  ap])earance.  There  may  be  merely  slight  loss  of  power 
which  quickly  clears  up,  or  the  paralysis  may  be  severe,  though  it  is 
seldom  complete. 

The  prognosis,  utdess  the  case  is  sliglit  from  the  commencement, 
or  ameliiMVilinn  nf  symptoms  commences  e;irty,  is  unsati^factorj*. 

Tlie  treatment  tn  commence  with  consists  of  absolute  rest,  the 
application  of  ice  to  the  spine,  free  purgation,  and  the  administration 
of  sedatives  when  the  pain  demands  it  When,  however,  marked 
prcssure-syinptonis  exist,  or  when  improvement  does  not  show  itself 
early,  laminectomy  is  indicated.  We  do  not  see  Any  reason  for  putting 
hematorachis  on  any  other  footing,  as  regards  operation,  than  that  on 
which  surgeons  have  always  placed  intracranial  meningeal  hemorrhage. 
Relief  can  be  adforded  in  most  cases  without  opening  the  theca,  as  tlie 
hemorrhage  is  generally  extradural;  but  if  it  is  within  the  membranes, 
these  should  he  incised  :\nci  blood  and  clot  washed  out. 

Traumatic  Hematotayelia. — Hemorrhage  into  the  substance  of 
the  cord  seems  confined,  as  the  result  of  injury,  to  the  region  of  the 
fourth,  fifth,  and  sixth  cervical  verlebne,  our  experience  in  this  respect 
coinciding  with  Thorbum's.  The  latter  obser\'cr  attributes  this  lesion 
to  overflcxion  of  the  spine,  the  usual  form  of  injury  to  the  lower  cervical 
region.  The  most  common  forms  of  accident  producing  such  acute 
flexion  and  consequent  hematomyclia  are  falls  and  blows  on  the  back 
of  the  head  and  neck,  or  forcible  bending  of  the  neck,  as  in  passing 
under  an  arch. 

The  blood-extravasation  is  usually  situated  centrally  in  the  gray 
matter,  and  varies  in  amount  from  small  punctate  hemorrhages  to  a 
collection  which  may  extend  from  i  to  2  inches  in  the  gray  substance. 
When  large  in  amount,  it  may  extend  into  the  white  matter,  or  even 
rupture  into  the  membranes.  It  produces  its  effects  either  by  destroy- 
ing or  compressing  nerve-tissue  (Thorbum).  As  the  result  of  destruc- 
tion of  gray  matter  in  the  lower  cervical  region,  paralysis  with  wasting 
of  muscles  and  anesthesia  occurs  in  the  u[]pcr  limb  and  in  the  muscles 
connecting  it  with  the  trunk.  When  the  effusion  is  large  enough  to 
cause  compression  of  the  white  columns,  paraplegia  var>'ing  in  degree 
occurs  in  the  parts  below  the  level  of  the  lesion. 
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When  the  cord  is  exposed  for  examination  in  fatal  cases,  the  hemor- 
rhage may  sometime?!  be  seen  as  a  dark  swelling,  or  may  be  ^x-rccivec* 
by  the  finger  as  ii  tense  bulging;  in  other  cases  nothing  whatever  is 
obviou.'i  extcnvilly. 

Symptoms. — Immediately  after  the  injury  the  ease  may  appear  to 
be  one  of  total  transverse  lesion  from  the  completeness  of  the  para- 
plc^^ia.  The  |>aralysis  is  recovered  from  to  a  greater  or  less  extent  in 
the  lower  hmbs.  leaving  (x-rhaps  some  slight  weakness  and  rigidity  of 
the  legs,  and  is  then  practically  confined  to  the  upper  extremities. 
Here  more  or  less  loss  of  power  and  wasting,  depending  for  their  distri- 
bution upon  the  extent  of  damage  to  the  gray  matter,  remain  per- 
manently. When  the  elTusion  of  blood  is  slighter  in  amount,  and  so 
produces  less  compression  of  the  white  columns,  the  paralysis  is  from 
the  first  mainly  localized  to  the  arms.  The  limited  Injur)-  in  the  cord, 
causing  groups  of  muscles  to  become  paralyzed  about  the  shoulder- 
girdle  and  arm,  gives  rise  to  peculiiir  positions  of  the  upper  extremity 
tliat  are  highly  characteristic. 

Occasionally  the  symptoms  increase  in  severity  for  some  hours  after 
the  injury,  owing  to  the  slow  escape  of  blood.  An  extension  of  the 
paralysis  at  a  later  period  will  be  due  to  myelitis.  Much  pain  is  com- 
plained of  locally  in  the  spine,  occasionally  shooting  down  the  arms  or 
around  the  che.-it.  A  rapid  rise  of  temperature  is  sometimes  seen,  reach- 
ing i02''-lO4'^  K.  within  forty-eight  liours  of  the  accident ;  and  extreme 
myosis  from  destruction  of  ihc  ciliospiiuil  center  may  also  be  present. 

The  pro^osis  as  rt-gards  hfe  in  severe  cises,  and  as  regards  ulti- 
mate recover):-  in  all,  must  be  guarded.  Doubtless  many  of  the  less 
severe  cases,  which,  if  carefully  stutlicd,  would  revcid  themselves  as 
cases  of  hcmntomyelia.  arc  ascribed  to  spinal  concussion  and  .sprain. 
While  recover^'  from  the  results  of  compression  of  the  pyramidal  tracts 
may  be  rapid  and  complete,  there  is  usually  left  some  permanent  weak- 
ness, local  anesthesia,  and  wasting  in  the  upper  limbs. 

Treatment. — Reyond  rest  and  ajipropriate  medicinal  treatment,  there 
is  none  to  be  recommended.  The  [>unctatc  character  of  the  hemor- 
rhage and  the  difliicultj'  of  determining  its  exact  position  in  many  cases 
when  the  cord  is  exposed,  and  tlic  fact  that  to  reach  it  would  inflict 
probably  even  greater  injury-  on  the  nerve-tissues,  render  it  unlikely 
that  operation  can   ever  be  of  any  benefit. 

CONCUSSION. 

The  question  of  spinal  concussion  is  a  vexed  one.  While  some 
surgeons  practically  deny  its  existence,  others  class  under  that  name 
conditions  which  are  now  known  to  bear  a  different  interpretation. 
As  in  past  years  many  paraplegic  states  were  regarded  as  functional 
which  we  now,  with  improved  methods  of  investigation,  know  to  be 
the  result  of  definite  spinal  lesions,  so  the  generic  term  concu.ssion  is 
gradually  becoming  more  and  more  limited  in  its  application.  By  "con- 
cussion of  the  spine "  is  meant  a  more  or  less  complete  annihilation 
of  the  functions  of  the  spinal  cord,  immediately  consequent  upon  an 
injury,  temporary  in  character,  and  unattendctl  by  any  discoverable 
gross  lesion. 
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The  cases  tlwt  have  tienerally  been  considered  as  due  to  concussion 
are  those  of  sprain  of  muscles  and  fascts:.  frcquciuly  seen  in  railway 
cases,  the  so-called  "  railwny-sptnc."  in  which  no  cord-injury  at  all 
exists;  or  'cases  nf  hcmorrha^je  into  the  cord  and  membranes.  We 
can  only  speak  of  a  case  as  one  of  concussion  when  all  other  known 
causes  of  paraplej^ia  after  injury  have  been  excluded.  Kvcn  then  the 
term  must  be  refjardcd  as  provisional,  for,  after  all.  the  idea  tliat  a 
molecular  disturbance  of  nerve-matter  constitutes  concussion  is  only 
a  gnod  working  hypothesis. 

The  a  prion  arguments  against  the  likelihood  at  spinal  concussion 
are  founded  ujxin  the  well-known  anatomical  rt-lations  of  the  spinal 
cord;  notably  its  small  size  as  compared  with  the  diameter  of  the 
spinal  canal,  and  the  way  it  is  suspended  with  lateral  support  from 
the  denticulate  ligaments  and  the  spina)  nerve-roots  themselves.  As, 
however,  we  know  (hat  hemorrhage,  the  result  of  an  injury,  may  take 
place  into  the  cord  without  any  obvious  lesion  »>f  the  spinal  column, 
there  need  be  ni>  difficulty  in  itssuming  that  slighter  forms  of  injury 
may  lead  tn  some  disturbance  of  the  cord  short  of  obvious  structural 
defects — that  is,  to  concussion. 

While  we  believe  spinal  concussion  to  be  rare,  wc  sec  no  other  way 
of  explaining  those  cases,  occasionally  met  with  in  the  accident -wards 
of  a  large  hospital,  which  after  a  fall  present  e\*idence  of  more  or  less 
paralysis  and  i-incsthc^ia  or  impairment  of  cord-functi<iu,  and  which 
within  a  week  or  less  have  complete  recovery  of  power  and  sensation. 
It  is  true  that  hemorrhage  into  the  spinal  cord  or  canal  might  possibly 
be  the  cause,  though  the  early  recovery  and  the  absence  of  character- 
istic symptoms  render  it  unlikely. 

In  Iiematomyelia  resulting  from  injur>-  the  hemorrhage  appears  to 
be  almost  invariably  confined  to  the  lower  ccr\'ical  region,  and  the 
destruction  of  gray  matter  causes  paralysis  of  certain  muscles  of  the 
upper  cxiremitics,  while  the  legs,  whicli  generally  present  more  or 
less  paraplegia,  recover  much  more  rapidly  and  completely  than  the 
arms,  in  which  some  permanent  weakness  and  wa.sting  remains.  In 
hemorrhage  into  the  membranes  the  characteristic  symptoms  produced 
by  irritation  and  compression  of  nerve-structures  usually  suffice  to 
distinguish  these  cases  from  mere  concussion. 

In  concussion  the  arms  never  present  localized  paralyses,  such  as 
result  from  hemorrhage  into  the  cord;  nor  do  we  ever  find  peripheral 
pain  or  muscular  cramp,  such  as  occurs  in  hematorachis.  In  view  of 
the  above  facts,  paralysis  picking  out  a  few  muscles,  or  spasm  or  pain 
in  the  distribution  of  certain  spinal  nerves,  must  be  held  to  exclude 
concussion. 

Symptoms. — A  very  few  cas«s  have  been  recorded  in  which  the 
[wraplcgia,  complete  from  the  first,  has  terminated  in  death.  Such 
cases  are  open  to  considerable  doubt  as  regards  the  diagnosis,  though 
wc  are  unable  to  give  any  other  explanation  than  that  of  concussion  to 
the  case  we  describe  below.  Such  cases  would,  during  life,  be  almost 
certainty  diagnosed  as  hematomyclia  or  some  other  lesion  of  the  cord. 

The  more  char.ictcri^tic  cases  present  incomplete  loss  of  power  and 
sensation,  the  paraplegia  being  usually  confined  to  the  legs,  though 
some  cases  may  also  have  some  weakness  of  the  arms,  roost  noticeable 
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in  the  grasp.  Usually  the  bladder  and  rectum  are  also  reflected.  The 
loss  of  power  and  sensation  is  in  the  slighter  cases  most  marked  in  the 
feet  and  toes,  and  gradually  diminishes  as  the  trunk  is  approached. 
One  must  be  careful  not  to  mistake  for  concussion  those  cases  of 
sprained  spine  in  which  an  inability  to  move  the  legs  exists,  on  account 
of  the  pain  caused  by  such  attempts.  In  the  latter  cases  it  will  be 
found  that  this  supposed  paralysis  is  a  difficulty  in  raising  the  weight 
of  the  leg  from  the  bed,  movements  being  otherwise  unimpaired,  while 
in  the  former  such  inability  would  be  attended  with  paralysis  of  the 
whole  limb.  No  spasm  of  muscles  occurs,  nor  is  there  any  peripheral 
pain.  All  the  symptoms  pass  off  frequentlj'  within  forty-eight  hours, 
or  at  latest  within  a  week. 

The  ca.se  of  complete  paraplegia  referred  to  above  as  one  of  con- 
cussion was  under  the  care  of  one  of  the  writers  in  Guy's  Hospital  in  1894. 
A  woman  aged  fifty-nine  fell  down  stairs  on  to  her  back,  and  when 
picked  up  was  found  to  be  paraplegic.  No  special  investigation  of  the 
case  was  possible  for  some  hours.  It  was  then  noticed  that  there  was 
complete  loss  of  power  from  the  neck  downward,  with  paralysis  of  the 
bladder ;  the  breathing  was  carried  out  by  the  diaphragm.  At  first 
reflexes  could  be  obtained,  but  were  soon  lost.  There  was  anesthesia 
below  the  level  of  the  umbihcus.  On  the  second  day  the  temperature 
was  103.5°  ^•'  *^*^  o"  the  tenth  she  died  from  pneumonia.  A  minute 
post-mortem  examination  was  made,  but  nothing  was  found  to  explain 
the  symptoms,  both  brain  and  cord  being  to  all  appearances  perfectly 
healthy.  But  for  the  autopsy  the  case  might  have  been  explained  as 
one  of  hemorrhage  into  the  cord  in  the  cervical  region. 

Treattnetit. — Beyond  rest  and  such  drugs  as  occasion  might 
suggest,  there  is  nothing  to  be  done. 

LAMINECTOMY. 

Laminectomy  is  the  operation  for  exposing  the  spinal  cord  and  its 
membranes  by  the  removal  of  more  or  less  of  the  neural  arches.  It 
is  indicated  when  pressure-symptoms  have  appeared  as  the  result  of 
compression  by  inflammatory  products,  blood,  bone-displacement,  and 
tumors  of  the  spinal  cord  and  membranes. 

As  usually  performed,  a  median  vertical  incision  is  made  through 
the  .skin  over  the  aflected  area;  but.  as  has  elsewhere  been  pointed  out 
by  one  of  us.  it  is  far  better  to  make  a  bold  horseshoe  incision  so  as  to 
throw  an  integumentary  flap  either  upward  or  downward.  The 
advantage  is  that  there  is  no  surface-wound  over  the  spinous  proc- 
esses, since  the  curve  of  the  "  horseshoe  "  crosses  the  spine  between 
two  of  the  processes,  and  thus  neither  wound  nor  scar  is  pressed  on 
as  the  patient  lies  in  bed.  The  muscles  are  detached  by  a  vertical 
incision  on  each  side  of  the  spines,  and,  the  neural  arch  being  exposed, 
a  lamina  is  divided  by  a  Hey's  saw  or  by  cutting-forceps,  one  blade  of 
the  latter  being  inserted  beneath  its  lower  margin.  This  is  difficult  except 
in  those  cases  in  which  the  operation  is  undertaken  for  fracture,  and 
an  alternative  is  to  appl}-  a  large  trephine  on  the  neural  arch,  the  pin 
of  the  trephine  working  in  the  stump  of  a  spinous  process  which  has 
been  previously  cut  off.     By  this  means  a  part  of  the  lamina  of  each 
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side,  with  the  root  of  the  spinous  process,  can  be  removed.  Further 
exposure  of  the  spinal  canal  is  readily  accomplished  by  means  of 
Ho(Tmana's  or  Horsley's  special  cuttiiifij-rorccps.  The  thcca  is  row 
exposed;  if  licatthy,  it  will  have  over  it  a  variable  amount  of  fat  and 
large  veins;  but  in  cases  of  cartes  of  the  spine  it  is  likely  to  present  a 
thickened,  leather-like  appearance,  with  chronic  inflammatory  deposits 
arijund  it.  On  incising  the  fat  over  the  dura  mater,  hemorrhage  from 
the  veins  In  it  may  for  the  moment  be  sharp,  but  Ls  controlled  by  press- 
ure, The  spin;d  conl  is  now  cxjjosed,  when  ncccssar>',  b>'  a  vertigal 
incision  through  the  dura  mater,  and  cerebrospinal  fluid  freely  escapes. 
Further  stages  in  the  operation  must  be  regulated  by  the  exigencies 
of  each  case.  The  dura  mater  should  only  be  opened  when  necessi- 
tated by  the  existence  of  Uic  lesion  within  the  membranes,  and  :>houId 
<specially  be  avoided  in  tuberculous  cases  on  account  of  the  risk  of 
setting  up  a  tuberculous  meningitis.  If  the  o]K-"ratlon  has  been  merely 
exploratory,  and  nothing  abnormal  found,  the  wound  may  be  imme- 
diately sutured  without  any  provision  for  drainage;  and  if  the  neural 
arch  has  been  removed  with  care,  more  especially  if  it  has  been  par- 
tially detached,  so  that  it  can  be  raised  as  on  a  hinge,  the  bones  also 
may  be  replaced.  When  an  infective  condition  ts  met  with,  the  sur- 
geon's general  cx[)erience  must  guide  him  as  to  whether  to  leave  a 
drain  in  the  wound  or  not,  though  careful  cleansing  will  enable  him  to 
dispense  with  it  in  many  cases.  When  the  dura  mater  has  been 
incised,  drainage  of  the  subdural  space  should  be  etTccted.  when  found 
necessary,  by  a  capillary  drain,  sucn  as  horsc-huir.  and  not  by  a  rubber 
tube. 

SPINA  BIFIDA- 

This  term  is  generally  used  to  denote  a  congenital  malformation  of 
the  vertebral  column  in  which  one  or  more  of  the  arches  have  failed  to 
close,  and  the  contents  of  the  spinal  canal  protrude  in  the  form  of  a 
fluid  tumor.  Not  all  forms  of  spina  bifida  are  included  in  this  defini- 
tion, for  in  some  cases,  though  tlie  lamina:  are  deficient,  there  t.s  no 
protru!iion. 

To  understand  the  nature  of  these  malformations,  the  development 
of  the  cord  must  lie  borne  in  mind.  The  primitive  neural  canal  is 
formed  by  the  coalescence  along  the  median  line  of  the  metJullary 
folds,  two  ridges  derived  from  the  epiblast.  In  this  way  a  hollow  lube 
is  formed,  which  eventually  becomes  separated  from  the  surface  epi- 
blast on  which  it  originated  by  the  ingrowth  of  mesoblast.  which  forms 
the  bones,  meninges,  and  muscles.  The  epiblastic  tube  thus  encircled 
is  the  spinal  cord. 

Varieties  of  Spina  Bifida. — These  may  be  grouped  under  five 
headings,  according  to  the  stage  at  which  arrest  in  development  takes 
place:  1.  Myelocele;  2.  Meningomyelocele;  3.  Syringomyelocele;  4. 
Meningocele;  5.  Spina  bifida  occulta. 

Myelocele. — In  this  malformation  the  medullary  folds  have  failed  to 
coalesce,  generally  to  a  limited  extent  at  the  caudal  extremity,  so  that 
the  ceiUral  canal  of  the  cord  ojiens  on  to  the  surface  of  the  body  in 
the  lumbar  region.  The  unclosed  portion  of  the  cord  is  represented  in 
the  lumbosacral  region  as  a  bright-red  vascular  area  rcscmbhng  nevoid 
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tissue  In  a  specimen  in  Guy's  Hospital  Museum  ihis  area  is  of  a 
lozenge  shape.  It  usually  presents  a  median  lonpitudinal  furrow. 
which  represent*^  the  primitive  medullary  groove,  and  which  is  continu- 
ous above  with  the  central  canal  of  the  cord.  Microscopically  it  i« 
found  to  be  composed  of  ncr^c-cclls.  neuroglia,  and  ncrve-fibers  inter- 
spersed with  a  plexus  of  arterioles,  venules,  and  capillaries  (Suttoni 
Arrest  of  dovelopnient  or  asymmetry  of  the  spinal  column  is  often  asso- 
ciated with  inyrloccle.  and  ectopia  vesica:  often  co-exists. 

Meningomyelocele. — In  thi.s  variety  the  deficiency  in  the  arches  ts 
associated  with  protrusion  of  the  spinal  cord  and  membranes.  The  sac* 
wall  is  coniin)si.(l  I  if  ill -developed  skin  and  dura  mater,  and  is  lined  by  the 

arachnoid  membrane,  its  cavity  being  con- 
tinuous with  the  subarachnoid  space.  The 
spinal  cord  leaves  the  canal  and  crosses  the 
sac  to  the  posterior  wall,  in  which  it  is  con- 
tinued as  a  flattened  layer  of  nerve-tissue 
still  retaining  its  central  canal.  From  this 
expiinsion  the  nerve-roots  arise  and  cross 
tlie  sac  to  their  respective  intervertebral 
foramina.  The  anterior  and  |>osterior  roots 
are  often  distinct  and  separated  by  a  con- 
tinuation of  the  liyamentum  denticulatum. 
It  is  the  most  common  variety  of  spina 
bifida,  forming  63.2  per  cent  of  all  cases 
examined  by  the  Clinical  Society  of  London. 
This  form  is  due  to  a  failure  in  the  devel- 
opment and  ingrowth  of  the  mesoblast 
that  normally  separates  the  medullary  tube 
and  epiblast,  these  two  structures  conse- 
quently remaining  in  close  relationship. 
That  the  medullary  plates  have  coalesced 
is  shown  by  the  presence  of  a  central  canal 
in  the  flattened  cord. 

Syrin ^myelocele. — This  originates  in 
the  same  way  as  the  preceding  form,  from 
defective  ingrowth  of  mcsoblast.  The  pro- 
trusion contains  the  spinal  cord  and  mem- 
branes, but  the  cavity  of  the  sac  is  formed  by  the  dilatation  of  the 
central  canal  of  the  cord.  The  ner\-es  consequently  do  not  cross  the 
cavity,  but  pass  forward  to  the  foramina  round  the  outer  surface  of  the 
expanded  cord.  This  fonn  is  extremely  rare.  According  to  De  Ruy- 
ter,  it  is  invariably  situated  laterally.  Arrests  of  development  in  other 
parts,  such  as  cctopiji  vesica:  and  genital  fissure,  are  common. 

Meninsocele. — Here  the  membranes  alone  protrude,  the  cord  occu- 
pying it.s  normal  position  in  the  spinal  canal.  The  deficiency  in  the 
arches  is  usuallj*  limited  to  a  small  extent.  Ver>*  rarely  the  protrusion 
tiikcs  place  between  two  adjacent  arches  or  from  the  hiatus  sacralis. 
The  cavity  is  lined  by  the  arachnoid  niembrane.  Meningocele  has  a 
tendency  to  become  pedunculated,  and  in  some  cases  the  aperture  of 
communication  may  be  occluded.  According  lo  the  Clinical  Society's 
Committee,  it  forms  8  per  cent,  of  all  cases. 
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5pina  Bifida  OcculU.— This  fomi  is  characterized  by  a  vertebral 
ck-ft  uiihoiii  any  protrusion  of  cord  or  membranes.  Associated  usually 
with  this  malformation  is  an  abnormal  growtli  of  hair,  which  may  be 
localized  over  the  defective  arches,  or  may  have  a  wider  distribution 
ovtT  the  loins  and  hultocks.  This  hypertrichosis  may  exist  at  birth  oi 
may  (!L've!i)(>  at  puberty.  lit  many  cases  this  is  the  only  symptom  cif 
spina  bifida  occulta.  Attention  is,  however,  often  drawn  to  the  spinal 
malformation  by  the  presence  of  anesthesia,  club-foot,  perforating 
ulcers,  and  other  trophic  changes  of  the  lower  extremities.  Tliese  arc 
apparently  brouglit  about  by  pressure  fron»  local  hy|)crtrnphy  of  the 
culnneiius  and  subjacent  soft  parts.  \\\  the  limbs  examined  there  has 
been  found  a  thickening  of  the  vessel-walls,  especially  aflecting  the 
muscular  layer,  and  also  in  some  cases  degenerative  changes  in  the 
nerves. 

Clinical  History. — Myelocele  is  incompatible  with  life  for  more 
than  a  few  days,  owitij^  to  the  c»)nliiiual  Icakajje  of  cerebrospinal  fluid. 

In  tho.se  forms  (menlnfj^ocele.  meninfcomyelocele,  Ay rlnjco myelocele] 
in  which  the  cleft  is  iis.st)ti,iteii  with  prlltru^iu^  of  the  .spinal  contents, 
the  swelling  varies  in  size  at  birth  from  a  hazel-nut  to  a  small  orange. 
It  is  rounded  or  oval  in  shape.  occasionaOy  lobulatcd  from  the  presence 
of  septa,  and  generally  median  in  position,  though  it  may  deviate  a 
little  to  one  side.  >\s  a  rule  sessile,  with  a  slight  constriction  at  the 
base,  in  nire  cases  it  may  be  pedunculated.  Meningomyelocele  may 
present  a  median  longitudinal  furrow  corresponding  to  tlic  attachment 
of  the  cord,  or  a  dimjile  (the  .so-called  unibilicu.s)  at  the  summit  where 
the  cord  meets  the  sac-wall.  Both  dimple  and  furrow  are  by  no  means 
constant,  and  dcjiend  to  some  extent  upon  the  distention  of  the  .lac. 
In  consistence  the  tumor  is  sometimes  soft,  sometimes  firm  and  elastic, 
and  the  tension  is  increased  by  coughing  or  crying.  Fluctuation,  which 
is  always  obtainable  in  the  fluid  tumor,  may  be  obtained,  where  hydro- 
cephalus co-exists,  between  the  sac  and  the  fontanels.  The  deficiency 
in  the  arches  may  often  be  felt  when  the  sac  is  lax.  Normal  skin  but 
seldom  e.xists  over  the  whole  tumor;  in  most  instances  it  extends  up 
for  a  variable  distance  from  the  base,  the  rest  of  the  covering  being 
composed  of  a  thin  bluish  ntembranous  tissue.  It  is  not  uncommonly 
ulcerated,  or  even  gangrenous  on  the  surface,  and  in  some  cases  may 
present  patches  of  nevoid  tissue 

Any  portion  of  the  spine  may  be  affected,  but  the  most  common 
situation  is  the  lumbosacral  region.  The  general  health  may  be  good 
and  the  functions  intict.  On  the  other  hand,  when  the  .spinal  cord  Is 
involved  there  may  be  paralysis  of  the  bladder,  rectum,  and  lower  limbs, 
and  associated  with  this  last-named  talipes,  most  commonly  calcaneus. 
Trophic  changes,  such  as  perforating  ulcer,  may  also  occur.  An 
imi»ortant  complication  is  hydrocephalus.  This  may  be  present  at 
birth  or  may  develop  later,  and  in  a  few  cases  has  been  noted  as 
supervening  after  the  cure  of  the  spina  bifida  by  artificial   means. 

The  majority  of  cases  of  spina  bifida  die  if  left  to  themselves,  this 
being  due  in  a  large  proportion  of  cases  to  marasmus.  A  fatal  termi- 
nation may  result  from  rupture  of  the  sac  with  consequent  leakage  of 
the  cerebrospinal  fluid  ;  from  meningitis  following  inflammation  of  the 
sac ;  or  from  the  troubles  dependent  on  paralysis. 
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Diagnosis. — From  the  point  of  view  of  oiK:rative  interference,  it  \s 
import;iiU  that  diagnosis  shouUl  be  made,  if  possible,  between  meningtv 
cele  and  meniiiKomycldrcIe.  Attention  should  be  dircrctcd  to  the  fol- 
lowing points  distinguishing  meningomyelocele :  i .  The  larger  size  of 
the  deficiency  in  the  arches;  2.  Umbllication  and  furrowing  of  the 
5:ac;  3.  The  presence  of  paral>'sis  and  club-foot.  Transparency  of 
the  sac  cannot  be  relied  upon  as  a  means  of  distinguishing  between 
the  two  forms,  for  some  sacs,  though  containing  cord  and  ner\'cs,  arc 
fuund  to  be  quite  translucent.  A  higher  situation  in  the  spine  or  the 
presence  ff  a  pedicle  will  point  to  meningocele. 

Treatment. — in  those  cases  in  which  operative  measures  arc  not 
justifiable,  treatment  will  be  limited  to  protecting  the  sac  from  injury. 
If  the  surface  is  ulcerated  or  gangrenous,  some  dr^'  antiseptic  dressing 
must  be  applied.  Parker  recommends  painting  with  iodoform  and 
collodion  in  ca.ses  in  which  the  wall  is  ver>'  thin.  Practically  the  only 
operative  measures  employed  are  the  injection  of  iodin  and  excision  of 
the  sac.  Treatment  by  repeated  tappings  is  but  seldom  resorted  to  on 
account  of  tlic  attendant  dangers,  while  ligature  of  the  base  must  be 
regarded  as  unjusti6able  from  the  impossibility  of  determining  with  ccr- 
taintj-  the  absence  of  nervous  elements  in  the  sac. 

Injection  with  lodln. — This  method,  which  aims  at  bringing  about 
a  cure  by  the  production  of  a  localized  adhesive  inflammation,  has  met 
with  a  considerable  amount  of  success.  Morton's  fluid,  which  is  used, 
consists  of  iodin  gr.  x,  potassium  iodid  gr.  xxx,  glycerin  5j.  The 
puncture  should  be  made  through  healthy  skin  at  the  base  of  the  tumor, 
to  avoid  risk  of  injury  to  the  spinal  cord  when  incorporated  with  the 
sac.  It  is  not  necessary  in  most  cases  to  withdraw  any  fluid  from  the 
sac  previous  to  injection.  From  A  to  3  drams  <.»f  Morton's  fluid  are 
injected,  and  the  site  of  puncture  sealed  with  collndimi.  The  cases  for 
treatment  should  be  carefully  selected.  Injtclic»n  should  be  postponed 
until  the  child  is  at  least  two  months  old,  unles.<i  the  sac  is  threatening 
to  burst.  Paralysis  and  talipes  will'not  be  benefited  by  the  treatment,, 
and  as  contraindications  may  be  mentioned  hydrocephalus  and  maras- 
mus. The  dangers  nf  the  o|KTation  are  shock,  convulsions,  meningitis^ 
paralysis,  and  the  subsequent  appearance  of  hydrocephalus. 

Excision. — In  common  witli  many  surgeons,  we  think  there  is  less 
risk  Involved  in  inci.sing  the  sac  than  in  injecting  it,  and  that  the  likeli- 
hood of  damaging  the  spinal  cord  and  nerves,  when  these  are  contained 
in  the  tumor,  is  less  in  the  former  mode  of  treatment.  The  contra- 
indications are  the  same  as  those  for  injection,  and  the  cases  should  be 
as  carefully  selected,  The  main  risk  of  this  operation  is  from  leakage 
of  the  cerebrospinal  fluid. 

Operation  (Mayo-Robson). — An  inci.<;ion  is  made  through  the  skin 
on  each  side  rif  the  tumor,  about  half  an  inch  from  the  base,  marking 
out  two  fliips.  which  arc  carefully  dissected  oR"  the  meninges.  The 
membranes  are  then  punctured  to  let  out  the  fluid,  and  then  pared  away 
so  ;is  tu  leave  two  flaps,  one  rather  longer  than  the  other  (J  inch  and  \ 
inch),  so  that  the  lines  of  union  of  the  meninges  and  skin-flaps  are  not 
superimposed.  The  pairs  of  flaps  are  then  sutured  separately  and 
closely  to  avoid  risk  of  leakage  of  the  cerebrospinal  fluid.  Where  skin- 
flaps  are  not  obtainable  from  the  base  of  the  tumor,  the>'  may  be 
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obtained  by  dissecting  up  the  sktn  from  the  loins  sufficiently  to  allow 
of  the  flaps  being  slid  inward  toward  the  middle  line.  When  the  cord 
is  incorporated  with  tlie  sac,  a  circful  ind>iions  hould  be  made  into  the 
sac,  after  the  skin-flaps  liave  lieen  fashidneti,  tu  determine  the  position 
of  the  cord  and  nerves.  Redundant  sac  should  then  be  cut  away,  care 
being  taken  not  to  injure  nervc-stnicturcs,  and,  the  cord  being  replaced 
in  the  spinal  canal,  the  meningeal  and  skin-flaps  arc  closely  sutured 
over  it. 

CONGENITAL  SACROCOCCYGEAL  TUMORS. 

Parasitic  Tumors  iTeratomata^  originatiiig  in  a  Duplica- 
tion of  the  Embryonic  Area. —  These  may  be  regarded  as  the  lowest 
grade  of  a  series,  the  highest  expression  of  which  is  the  rare  malforma- 
tion known  as  "conjoined  twins."  They  occur  as  irregular  pendulous 
tumors  attached  to  the  coccygeal  region,  sometimes  of  large  size  at 
birth,  sometimes  increasing  in  size  subsequently,  and  bearing  no  resem- 
blance to  the  body  or  limbs  of  a  fetus.  They  difler  from  ordinary 
tumors  in  the  great  variety  of  tissues  of  which  they  arc  composed.  In 
one  class  rudiments  of  the  skeleton  and  of  the  diflerent  viscera  are 
found;  in  anollier  the  tissues  present  nothing  suggestive  of  any  spedal 
organ.  While  tlie  former  are  to  be  regarded  as  rcnmants  of  a  parasitic 
fetus  which  has  failed  to  develop,  in  the  latter  there  is  some  doubt  as 
to  whether  the  tumor  is  to  be  considered  as  parasitic  or  as  due  to  a 
developmental  defect  in  a  single  individual. 

Cystic  Tumors  originating;  between  Rectum  and  Sacrum.^ 
The  majority  of  these  tumors  have  their  origin  in  persistent  remnants 
of  the  postanal  gut  and  neurenteric  canal.  They  may  be  either  multi- 
locLilar  or  unilocular.  The  farmer  give  rise  to  large  tumors,  often 
pedunculated.  They  are  made  up  of  a  number  of  cysts,  var)'ing  in 
size  from  a  millet  seed  to  a  cherr>',  which  are  lined  with  a  cylindrical, 
cuboid,  or  flattened  epithelium,  and  which  contain  a  thick,  mucoid  fluid. 

Unilocular  cysts  having  a  wall  similar  in  structure  to  that  of  the 
intestine,  and  found  lying  between  the  rectum  and  sacrum,  have  been 
met  with.  A  cyst  of  this  kind,  which  projected  into  the  rectum  as  a 
polypoid  tumor  the  size  of  a  hen's  egg,  has  been  described.  It  was 
readily  shelled  out  by  incising  the  rectal  wall  lying  over  it 

Dermoids  also  occur  in  this  situation,  and  may  attain  a  very  large 
size,   one  weighing  as   much  a'^    14!   pounds   having  been   tiescribcd. 

Cystic  Tomdrs  originating  outside  the  Sacrum  and  Coc- 
cyx.— Cysts  in  this  region  are  usually  sequestration  dermoids  arising 
along  the  line  of  coalescence  of  the  dorsal  folds.  The  possibility  of  a 
cystic  tumor  over  the  lower  end  of  the  sacrum  being  a  spina  biflda 
should  be  borne  in  mind.  Cases  of  meningocele  projecting  from  the 
hiatus  sacralis  as  a  pedunculated  tumor  have  been  reported. 

Allied  to  the  dermoids  arc  the  dimples  and  sinuses  found  over  the 
coccygeal  region.  They  are  usually  regarded  as  resulting  from  imper- 
fect coalescence  of  the  dorsal  folds,  though  according  to  another  view 
they  are  vestiges  of  the  neural  canal.  The  sinuses  usually  open  oppo- 
site the  tip  of  the  coccyx,  and  run  upward  for  as  much  as  two  inches  in 
some  cases.  They  appear  to  be  lined  with  skin,  and  in  some  cases  liair 
is  found  growing  from  the  wall. 
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ACUTE  OSTEOMYEUTIS  OF  THE  VERTEBRAE. 

Acute  osteonivf  litis  of  the  spin.il  column,  though  rarely  met  wth. 
tierivcs  a  special  importance  from  the  close  proximity  and  liability'  to 
iiiftction  of  the  spinal  cord  .ind  membrnncs.  It  is  about  twice  as  fre- 
quent in  males  as  in  females,  and  though  liable  to  make  its  appearance 
any  time  during  the  period  of  growth  of  the  skeleton,  it  occurs  most 
often  between  the  ages  of  ten  and  fifteen.  The  disease  has  its  primary 
seat  in  the  lumbar  vertebrae  in  about  half  the  recorded  cases,  and  the 
initial  focus  of  inflamniation  is  as  often  in  some  portion  of  the  neural 
arch  as  in  the  body.  Suppuration  occurs  in  cver>'  case,  though  to  a 
varying  extent.  Tenderness  and  rigidit)*  of  the  affected  portion  of  the 
spine  are  the  first  symptoms,  fallowed  in  three  or  four  days,  in  those 
CJises  in  which  the  arch  is  aflccted.  by  inflammator>'  swelling.  When 
the  bodies  are  the  primary  seat,  the  abscess  will  form  in  front  of  the 
spinal  column  and  will  be  later  in  making  itself  evident.  Curvature  is 
noted  but  rarely,  mainly  owing  to  the  fact  that  the  patient  at  once 
assumes  the  supine  position. 

The  special  danger  is  the  spread  of  inflammation  to  the  contents  of 
the  spinal  canal,  meningitis  or  mcningomyclilis  occurring  in  about  half 
the  ca.<ies.  with  an  almost  invariably  fatal  result.  Death,  which  occurs 
in  about  three-quarters  of  the  cases,  is  either  brought  about  in  this  way 
or  by  general  infection.  Primaiy  diwase  of  the  neural  arch  is  a  more 
favorable  condition  than  that  of  the  body,  owing  to  the  earlier  recogni- 
tion of  the  disease  in  the  former  and  the  greater  ease  with  which 
abscesses  can  be  drained  and  sequestra  removed. 

The  treatment  should  be  conducted  on  the  same  lines  as  for  osteo- 
myelitis elsewhere. 

CARTES  OF  THE  SPINE  'POTT'S  DISEASE^. 

Defitiitlon. — Ry  caries  of  the  spine  is  meant  a  destructive 
process  characterized  by  rarefaction  and  absorption  of  the  vertebra;, 
leading  in  most  cases  to  angular  curvature.  It  follows  the  same 
course  as  caries  elsewhere,  but  derives  its  special  characteristics  from 
its  situation. 

Etiology. — Tht;  most  comnion  cause  is  liibfrclf.  This  is  known 
not  tnily  by  the  clinical  course  run  by  the  disea.se,  but  by  the  presence 
in  the  affected  pans  of  the  tubercle  bacillus,  and  the  characteristic 
changes  in  the  tissues  that  it  produces.  Caries,  though  rarely  due  to 
syphilis,  is  met  with  as  the  result  of  both  the  congenital  and  acquired 
forms  of  disease,  but  is  more  conmionly  observed  in  the  latter.  The 
cervical  region  is  most  frequently  afiected.  Its  diagnosis  will  depend. 
as  a  rule,  upon  the  co-existence  of  other  lesions  pointing  to  syphilis, 
which  are  usually  well  marked.  As  a  factor  in  causation  injury  must 
in  the  main  be  regarded  as  one  of  predisposition.  Its  importance  in 
this  respect  is  shown  not  only  by  the  definite  history  of  hijury  so  fre- 
(juenliy  obtainable,  but  by  the  partiality  of  caries  for  such  situations  as 
most  readily  leml  themselves  in  childhood  to  damage.  Whether  it 
may  at  times  be  the  sole  agent  in  bringing  about  the  characteristic 
deformity    is   questionable.     The   cases    that   bear   this  interpretation 
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quickly  recover  without  suppuration,  anil  the  co-existence  of  tubercle 
cannot  be  determined.  W'liatcver  share  trauma  may  have  played  in 
originating  the  disease,  there  can  be  no  doubt  of  its  importance  as  a 
factor  in  perpetuating  the  caries,  when  once  established,  in  those  cases 
in  which  the  superincumbent  weight  of  the  body  is  not  relieved  by 
efficient  means. 

Both  sexes  arc  said  to  be  equally  affected  by  Pott's  di.sease,  though 


i 


y^ 


Fig.  415.— Caries  of  lumt>ar  vcrtcbnc.  The  two  wed|tc-»hapc<J  portioni  correspond  to 
ibe  t>odiea  ol  lite  Tint  and  aecond  lumbar  vertebrs.  Ttic  vcrlcbroc  above  atid  below  have 
Citlen  tog«tlicr,  and  &1niuftt  meet  antcriorljr  (Guy's  llospiul  Museum). 


our  figures  show  35  per  cent  more  males  than  females.  Whilst  the 
onset  B  most  common  in  chiUIhnnd,  the  tlisease  ts  .still  frwjuent  up  to 
sixteen  years  of  a^je.  It  i.s  met  with  later  in  life,  though  rarely.  We 
have  known  it  to  commence  and  run  a  typical  course  at  .seventy  years 
of  afjc. 

Patltolog}'. — Sitt  af  CXmjj*/.  — TubcTcutous  caries  gcitcmlly  oriKinnlca  in  the  soft  gtnw- 
ing  bone  bcLween  the  body  of  a  rcnel>ni  nnd  iu  upp«r  or  lower  enJ|>Sywul  plalc,  aitd 
oot  in  ih«  epjpttYMS  iwelf.  It  idaj-  be  compared  in  this  ie»p«t  lo  the  mannvt  in  which 
similar  di»en§e  starU  in  Ibe  lun^  l)()ne»  between  the  sJiafi  una  ihe  epiphysi.-i.  (Vcaiionally 
the  primxrv  *fM  mny  W  on  tbr  surface  of  a  vrrtrtirn,  mure  (>ften  on  itt  fruni  and  >idc»  thaa 
uii  its  [Krstrtiur  auifaic  ;  or  at  oltier  limes  in  ihe  t'aiiceliiiu.s  lin-Nur  of  the  bodies.  CarJes 
comint'ikrinK  in  the  lamin.-r  nnd  tranivcrsc  pn>cc*sc*  is  decidedly  rare.  Sinnc  i4  the  cases 
and  apecijitens  recorded  a>  melt  arr  iniUio<:<:it  of  acute  uMcutnyeUtis,  nnd  not  uf  lubt-rrulous 
di«mM^.  ir  we  except  ihe  atlo-ocdpiial,  ntlo^iioid.  and  sacrococcygeal  joinu.  wc  may 
rcgaid  the  synovial  joii]|]i  of  the  spine  a.%  not  liable  lo  primary  lubeiculous  infection.  In 
these  three  situalirtns  the  liianinf;- point  of  ihe  di»Anjie  i»  either  in  the  nyiKivial  membrane  or 
in  tho*e  pcirt*  of  tlte  bones  itui  enlci  IdIu  tlic  atliculation.  In  alio  moid  diwNM;  ihe  nlon- 
loid  process  is  fre<]iimtly  affected,  and  very  great  danger  of  rhe  ntta^  clipping  forward  on 
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ihr  axis  cKixti.     In  caries  of  tho  ncrum  the  proccu  sUrti  rnott  often  ia  the  Iuml>oMC7»l 
region,  l>i(iugh  Ihe  tKine  is  ocra&ionally  invnilrrl  rnim  ihi^  socro-iluc  joint 

The  rMllowjtig  )«  the  order  in  frcuucncj  wiih  which  in  our  experience  the  difTerent 
regi*}nt  (if  ilie  »pJite  are  alTecied  :  lloiMimnbftr,  nuddon«l,  lower  lumliar,  raidcerrkal,  ccr-J 
vicudoru),  alio-  .ini  occipitn  nxoid.     Necrosit  i«  at  linm  prc»em  u  well  u  cmries  ao4 
fairly  Uige  seijucxlra  uuny  be  thmwn  off. 

Course — From  tlu:  initial  focus  the  disease  spreads  to  the  neigh- 
boring parts,  teailing  in  niu-'it  cases  to  the  destruction  of  the  bodies  of 
one  or  more  vertebrx  with  their  intervertebral  disks  and  Hgaments. 
This  may  be  contrasted  with  the  absorption  brought  about  by  ihel 


^^^^^^V^^ri^^^^^^^^^^M^^R^I^^^^E-^^^^H 

fouiil)  .-ind  Hflli  ccivic^lI  tcrlclinr ^  cumuuj  rnuji* 
in  ihe  cunat.  which  cutnprirsscd  the  cord  uid 
cauKd  IaUI  pAraplegiii  (Uuy's  HoapiUL  Mtueum). 

presence  of  aneurysm,  in  which  case  the  intervertebral  disks  reraain, 
though  the  bodies  above  and  below  arc  destroyed.     The  process  is 
more  rapid  in  the  soft,  rapidly  growing  vertebra;  of  young  children 
than  in  adults.     When  caseation  of  the  inflammatory'  products  takes, 
place  before  the  enclosed  bone  is  absorbed,  sequestra  result.     Tht 
arc  generally  soft  and  friable  in  children,  though  firmer  in  adults. 


7AJCt£S  OF  THE  SPTNE. 

More  rarely  the  discsse  i»  widely  difTiMcd,  awkuminf;  iht  fnim  of  ■  «u|>erficif.1  erosion 
which  afrEi:u  ilie  fumi  anilMrlcKor  the  VFrtebr.r,  uftcn  over  a.  ciLinoiIcizblc  extent  of  the 
kpqiie.  Less  (TetjiJently  the  poslcrinr  inrfnti-  iif  llic  IxKlies  i»  affrcie*!  in  ihii  way.  The 
lirtdiei  are  iinl  complelcly  iJeNtruyed,  a*  in  the  prctediiig  (onn,  «"(!  »o  no  ilcfonnily  occurs. 
The  Iwfic  is  irrc-giilarly  eroded,  nnd  is  sr>inclimc&  ■«i  nddlcd  by  the  Latiiiuti  pri>cci&  as  to 
■.i^sume  a  wwrm  caicD  t>t  honeycombed  «spcct  (Fig,  417). 


*j^vnHR 


Fitl,  418, —  liitreiric  angular  curvAiurc  due  In  ilrtlruclton  ol  the  five  g|i|jer  durvil  vcrlcbne 
(Guy's  HoipifAl  Muwum), 


Angular  Curvature. — When  the  body  of  a  vertebra  disappears, 
its  spine  projects  uiuliily.  owing  to  the  sharp  angle  produced  by  the 
settling  down  of  the  vcrtcbric  above  on  those  below  (Fig.  418).  Jn 
this  way  the  characteristic  boss  is  produced,  its  size  depending  upon 
the  extent  of  bonc-dcstruction.  Deformit\'  occurs  most  readily  in  the 
dors.d  region,  owing  ta  the  normal  convex  curve  backward  of  this 
part.  In  the  mvdcerviciil  and  lumbar  regions  a  boss  is  later  in  making 
its  appearance,  as  the  natural  concavities  must  first  be  obhtcrated.  In 
the  lumbar  region,  moreover,  the  vertebra  are  larger  and  firmer  and 
less  hkcly  to  yield. 


844 


I.\rER.\'ATtOi\AL    TEXT-BOOK  Of-   StrRCERY. 


Compression  of  the  Spinal  Cord. — Narrowing  of  ihc  spinal  canal 

sufTicii-iii  to  cuisL-  coinprcHSum  nf  the  ctird  but  rarely  occur*;  as  the 
direct  result  of  anRular  deformity,  i-vcn  when  this  is  extensive.  When 
symptoms  of  paralyiiis  appear,  it  will  be  found  that  these  arc  due  in 
the  majority  of  caiics  to  the  accumulation  of  inflammatory  products, 
g-raniilation-tissuc,  caseous  material,  or  pus  between  tlic  bone  antt  the 
dura  mater.  This  is  accompanied  in  some  cases  by  a  thickening  of  the 
dura  mater. 

Pr^jisure  on  (he  cord  may  in  rare  in'itxticeii  lie  due  l»  diiplaceineiil  pniduteil  tiv  frmclurr 
through  A  citm>u«  vertebra  (fnicturc-diilocation).  ta  itic  sudden  bunting  of  ui  «bKe»,  to 
hemorrlia;;^,  or  lo  llw  pminisinii  of  a  Wiiweiinim  inio  ihc  rannl.  As  regards  the  rffrci  of 
|>T<-iiiHiTc  on  tlic  canL,  <.>owrr«,  <i>llowing  Ch^KoI.  ^tntr*  thai  in  all  €a«c«  myelitit  (Ktrurt  al 
ib«  seat  of  comprcuion,  Thuri>urn  and  uihers  however,  nuiciUiii  ibui  prruure  maf  lead 
to  paroplcgia  by  CAtiftini;  either  ancmio  and  sub^^en'U'rnt  dej^cneratin'n  nl  the  cord  or  cdcna 
from  tiunaprvuion  of  Ihc  ettnLniLilullary  -•t:\tk-^  aw)  lyinpUatics.  TbeM;  chance  in  the  conl 
Arc  fntlnwrd  by  defending  degrniriMiion  in  ih'C  latornl  colutnnii.  When  comiitvAsion-pAru' 
plegia  uo:ui»,  tine  <Jli»a»e  i»  fuuud  tu  b«  sealed  in  the  (jrvat  majtirily  uf  cases  abo««  the  uatii 
dnr-al  vcorhra. 

Ill  allu-azoid  dismsc  the  canal  may  be  narmwed  by  ihc  gradual  sliding  forward  of  ihe 
atlas  upuu  Ihc  axis,  tlie  po-strtior  an:h  of  the  atliis  gtoduiiny  upprvnthiiig  (he  odoaUMd 
pTDcea. 

Suppuration. — •Abscess  m;ikes  itself  evident  in  about  25  per  cent. 

of  all  cases  alTected  with  spinal  caries.  AtthouRh  in  the  majority  there 
U  no  obvious  suppuration,  our  failure  clinically  to  detect  pus  docs  not 
preclude  the  possibility  of  its  existence.  It  is  probably  much  more 
frequent  than  the  above  figures  indicate.  Collections  of  pus.  as  else- 
where in  connection  with  ttiberctilous  disease,  may  dry  up  when  ilecjily 
seated,  especially  in  tin.-  thoracic  region  ;  or  tlie  pus  may  make  its  way 
into  some  hollow  viscus  and  be  discharged  without  detection.  The 
absence  of  evident  suppuration  does  not  argue  In  favor  of  the  carious 
destruction  being  slight :  some  of  the  most  deformed  patients  have 
never  had  an  abscess.  It  occurs  more  commonly  in  connection  with 
superficial  caries,  and  becomes  evident  earlier  in  these  cases.  The  pus 
here  spoken  of  is  the  debris  of  tubercular  disorganization,  and  not 
the  product  of  the  action  of  pyogenic  organisms  :  these  arc  present  if 
the  abscess  becomes  actite. 

Repair. — When  recovery  takes  place,  repair  is  brought  about  by 
bony  ankylosis  of  the  bodies  above  and  below  the  scat  of  disease.  Tlic 
spine  is  further  strengthened  by  buttresses  of  bone  thrown  out  in  front 
of  the  bodies  of  the  vertebr;e,  and  often  by  bony  fusion  of  the  arches 
behind. 

General  patholoifical  changes,  such  as  cachexia.  lardaccous  disease, 
or  a  sudden  outbreak  i)f  acute  tuberculosis,  may  be  sc*en  as  in  other 
chroiiie  tuberculous  affections. 

Symptonis.^!t  is  of  importance  that  spinal  caries  should  be  diag- 
nosed, when  possible,  before  the  development  of  angular  cur\'ature; 
though  when  the  early  sj-mptoms  have  been  slight,  the  patient  may  not 
seek  advice  till  aware  of  a  projection  of  the  spine. 

Pain,  tlnnigh  v:mable  in  intensity,  is  present  in  most  cases  either  at 
the  site  of  the  disease  In  the  sjMne  or  referred  to  a  distance  along  the 
course  of  the  nerves  which  arise  at  the  level  of  the  mi.schicf.  Local 
pain  is,  as  a  rule,  moderate,  the  patient  complaining  commonly  of  gen- 
eral backache  or  weakness,  but  in  acute  cases  it  may  be  very  severe. 
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In  ihesc  cases  it  U  often  accompanied  by  a  marked  elevation  of  sur- 
facc-tcmpcTature  and  by  hyperesthesia,  especially  to  heat  and  cold. 
I'ain  in  ihc  back  may  not  be  fell  until  elicited  by  direct  pressure 
upon  the  spinous  processes  or  by  bearing  downward  upon  iIk-  head 
and  shoulders.  It  is  aggravated  by  movt:mi;iit  and  by  the  com- 
munication to  the  spine  of  such  jars  as  are  experienced  by  riding  in 
a  vehicle,  stepping  down  sharply  on  to  the  heels,  or  taking  a  false 
step,  and  even  in  coughing  and  sneezing.  Pain  of  a  neuralgic  char- 
acter is  often  felt  in  the  distribution  of  the  nL'r\'es  the  roots  of 
which  are  irriuited  or  conipresstd  at  the  scat  of  inflammation.  Thus, 
ill  atlo-a.xoid  disease  pain  is  referred  to  the  occipital  region ;  in 
cervicodorsal  and  lumbar  caries,  to  the  arms  and  legs  respectively. 
When  the  dorsal  region  is  affected,  intercostal  neuralgia  is  com- 
plained of,  or  pain  referred  to  the  pit  of  the  .stomach  and  interpreted 
as  "stomach-ache"  by  chiklren.  The  so-called  "girdle  pain,"  or  sense 
of  constriction,  is  sometimes  met  with  in  adults,  where  there  is  no 
suspicion  of  transverse  myelitis. 

Hyperesthesia  *>\t\  UieafT<»:i»l  ti-gion  can  soiiieliiitrs  be  uuulcnul.  In  doublful  cases 
it  13  itoi  ■  >yu|jioin  upon  which  much  rcliaocc  can  be  pUccd,  a«  it  i^  often  well  ourkcd  in 
cases  of  Dcurolii:  ^pinc.     Heq>es  lostcr  is  in  mre  inftlancu  met  with. 

Rigidity  of  the  spine  is  the  most  valuable  of  all  the  signs  of  Pott's 
disease.  The  ]>aiient  loses  in  the  affected  region  the  natural  llcxibility 
of  the  spine,  moving  the  back  rigidly  as  a  whole  when  asked  to  bend 
over.  If  the  hand  be  placed  on  the  erector  spina:  on  cither  side  of  the 
diseased  area,  the  muscle  will  be  found  to  be  firm  and  contracted,  and 
thi.s  may  be  obvious  as  a  distinct  fulness.  Though  exaggerated  when 
stooping,  this  contraction  is  always  present,  and  will  di'^appcar  only 
when  repair  has  taken  place.  The  fixed  and  rigid  positi«ni  in  which  the 
back  is  held  leads  to  very  chantcteristic  movements  on  the  part  of  the 
patient.  When  stooping,  he  will  rest  one  hand  on  his  thigh  or  on  a 
piece  of  furniture,  nr  will  cautiously  lower  himself  into  a  squatting 
attitu(ie  by  flexing  his  hips,  knees,  and  ankles,  keeping  the  back  as  stiff 
and  upright  as  possible.  An  adult  with  dorsal  caries  will  cease  to  move 
those  ribs  that  correspond  to  the  seat  of  disease,  and  he  may  eventually 
adopt  an  entirely  diaphragmatic  respiration. 

Deformity. — The  presence  of  a  marked  angular  cur\*ature  (Pott's 
bo.ss)  is  pathognomonic,  but  the  diagnosis  has  frequently  to  be  made 
without  its  aid.  In  cases  unattended  by  pain  it  may  be  the  first  symp- 
tom to  call  attention  to  the  caries.  .Mlhough  occurring  at  some  period 
of  the  disease  in  the  majority  of  instances,  those  cases  in  which  the 
disease  assumes  a  diffuse  form  are  unattended  from  first  to  last  by 
deformity.  It  has  already  been  pointed  out  that  an  obvious  projection 
will  result  from  a  slighter  degree  of  mischief  in  the  dorsal  regittn  than 
elsewhere,  owing  to  the  arrangement  of  the  normal  curves  of  the  spine. 
In  rare  citses  some  lateral  deviation  of  the  spine  may  be  noted  as  an 
early  symptom,  disappearing  as  the  caries  progresses.  It  is  likely  to 
lead  to  an  error  in  diagnosis,  and  careful  attention  should  consequently 
be  ]mid  to  the  other  signs  of  disease  present. 

Compared  with  other  symptoms,  the  temperature  is  of  little  value, 
for  even  in  acute  uncomplicated  cases  it  may  not  reach  100°  F. ;  and  as 
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the  majorih'  arc  of  a  chronic  type,  slight  variations  of  temperature 
within  the  limits  of  i*^  F.  will  not  aid  the  diagnosis. 

Atlo-axoid  Disease. — StifTT  neck  with  loss  nf  the  power  of  rotation 
of  the  head,  local  tenderness,  and  often  more  or  less  wry-neck  are  early 
symptiiins  i>f  the  disease.  The  aggravation  of  the  pain  caused  by  any 
movement  leads  children  to  support  the  head  by  steadying  it  with  both 
hands  or  by  resting  the  chin  on  some  projecting  ledge  of  furniture, 
though  they  will  also  do  this  in  cervical  disease  lower  down.  Pain  in 
the  course  of  the  great  occipital  nerve  is  sometimes  complained  of.  In 
disease  in  this  part,  or  in  the  upper  cervical  regiun  generally,  the  piwi- 
tion  downward  and  forward  in  which  the  chin  is  carried  impedes  the 
entrj'  of  air  and  gives  rise  to  the  characteristic  grunt.  K.xaminalion 
shows  a  variable  amount  of  deep  thickening  with  muscular  rigidity. 
When  displacement  fonvard  of  the  atlas,  carrying  with  it  the  head,  takes 
place,  a  prominence  is  noticeable  behind,  due  to  the  spine  of  the  axis, 
and  between  this  and  the  occiput  a  sulcus.  In  unilateral  disease  the 
atlas  slides  forward  on  one  side  only,  and  the  chin  consequently  point.** 
downward  and  to  the  side  opposite  the  lesion.  The  forward  move- 
ment of  the  atlas  on  the  axis  may  lead  to  the  compression  of  the  cord 
between  the  odontoid  process  and  the  arch  of  the  atlas.  If  this  dis- 
placement takes  place  suddenly,  immediate  death  results.  Postpharyn- 
geal abscess,  which  often  forms  in  connection  with  disease  in  this  region, 
is  consideretl  elsewhere. 

Occipito-atloid  disease  is  less  common  than  the  preceding.  The 
symptoms  arc  in  the  main  similar  to  those  just  described,  together  with 
the  ]os-s  of  the  power  to  nod — the  characteristic  action  of  this  joint. 

Sacral  Disease. — liKkpcncJent  of  sacro-iliac  disease,  the  body  of 
one  of  the  sacral  vertebra;  may  be  affected.  Local  pain,  without  dft- 
forniity,  and  an  abscess  opening  into  the  rectum  have  been  obscr\'e<i. 

Sacrococcygeal  disease  begins  not  uncommonly  In  the  synovial  joint 
Local  pain,  increased  on  defecation,  with  an  inability  to  sit  down,  will 
draw  attention  to  it.     Its  recognition  requires  no  special  description. 

Abscess. — The  course  of  abscesses  in  connection  w:lh  spinal  caries 
is  determined  by  the  anatomical  arrangement  of  muscles  and  fascia:,  and 
they  derive  their  nomenclature  from  the  route  taken  by  them  or  from 
the  situation  in  which  they  become  evident  rather  than  from  the  region 
in  which  they  originate.  They  are  most  often  met  with  in  connection 
with  lumbar  caries,  becoming  relatively  less  conmion  the  higher  the  site 
of  disease  in  the  spinal  column. 

Ccnncal  Region. — Postpharyngmi  abscns  arises  in  connection  with 
the  upper  cervical  region,  and  is  especially  a  sequel  of  atlo-axoid  disease. 
It  may  be  confined  to  the  region  behind  the  pharynx,  and  pushing  the 
posterior  wall  of  this  forward  gives  rise  to  difficulty  in  breathing  and 
swallowing.  It  is  readily  detected  in  this  situation  as  a  fluctuating 
swelling.  In  other  cases  it  may  be  directed  to  the  side  of  the  neck  by 
the  prevertebral  fascia,  and  point  in  front  of  the  stcrnomastoid  muscle. 
Rarely  it  travels  down  into  the  posterior  mediastinum.  If  it  is  allowed 
to  burst  into  the  phar^'iix,  dcatli  may  occur  from  suffocation — an  acci- 
dent likely  also  to  attend  the  unskilful  opening  of  the  abscess  in  this 
situation. 

Poshsopkagtai  abscess  arises  in  connection  with  the  lower  cervical 
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vertebra: ;  it  may  cause  both  dyspnea  and  dysphagia  from  compression. 
In  a  case  under  live  care  of  one  of  the  writers,  after  producing  pressure- 
symptoms  it  appeared  as  a  deep-seated  swelling  beneath  tlie  Jower 
attachment  of  the  left  sternomastoid. 

Dorsai  Rfgion. — As  the  result  of  dorsal  caries  it  is  uncommon  to 
find  an  abscess  pointing  posteriorly  in  the  thoracic  region  (dorsal 
abscess).  When  suppuration  makes  itself  evident  in  this  situation,  the 
pus  makes  its  way  between  the  vertebra!  ends  of  the  ribs,  followin-j  the 
course  of  the  posterior  branches  of  the  intervertebral  arteries  to  the 
back.  It  may  extend  fo^^vard  beneath  the  pleura  and  point  at  the  side 
of  the  thorax,  or.  passing;  upward  from  the  upper  dorsal  vertebra:,  appear 
at  the  root  of  the  neck.  In  ttie  lower  dorsal  region  the  abscess  more 
often  tracks  down  beneath  the  ligamentum  arcuatum  intcmum,  and, 
entering  the  sheath  of  the  psoas  muscle,  gives  rise  to  a  psoas  ndsffss. 

Lumbar  Rt'^on. — Pus  arlsin^j  from  disease  in  this  situation  may 
biirrow  through  the  layers  of  the  lumbar  fascia  and  point  in  the  loin 
{lumbar  abscess) ;  it  may  make  its  way  down  in  front  of  the  fascia  cov- 
ering the  psoas  muscle,  to  form  a  swelling  in  the  iliac  fossa  {iliac  nbsrcss); 
or,  gravitating  into  the  pelvis,  it  may  esea[x;  through  the  sacrosciatic 
foramen,  jjivin^  rise  to  a  ^lutcai  abscess.  More  conmionly  it  gives  rise 
to  an  Uii>f>soas  abscess.  The  pus,  entering  the  sheath  of  the  psoas  mus- 
cle, follows  the  course  of  that  muscle  to  the  iliac  fossa,  where  it  may 
give  rise  to  a  large  swelling  which  is  limited  by  the  attachments  of  the 
iliac  fascia.  From  this  situation  it  enters  the  thigh  beneath  Toupart's 
ligament  by  a  narrow  neck  external  to  the  femoral  vessels,  and,  con- 
tinuing its  course,  makes  its  way  beneath  the  femoral  vessels  and  along 
the  profunda  arterj'  to  the  upper  and  inner  [wrt  of  the  thigh.  Here  it 
will  usually  give  rise  to  a  large  swelling  if  left  to  itself,  and  subsequently 
burst.  At  an  early  stage  careful  palpation  of  the  abdomen  may  reveal 
a  sausage-shaped  swelling  in  the  course  of  the  psoas  muscle,  somewhat 
tender,  and  too  deeply  situated  to  yield  definite  fluctuation.  It  may  be 
detected  in  this  way  when  scarcely  thicker  than  a  finger.  When  the 
abscess  has  reached  the  thigh,  fluctuation  is  readily  detected  between 
the  swelling  below  and  that  above  Poupart's  ligament.  Pus  may  simul- 
taneously make  its  way  into  the  loin  and  point  there  as  a  lumbar 
abscess.  A  psoas  abscess  may  rarely  open  into  the  hip-joint  as  it 
passes  in  front  of  it  in  the  thigh.  It  is  occasional])'  bilateral,  especially 
in  connection  with  lumbosacral  caries.     Attention  may  be  tirawn  to  the 

Presence  of  abscess  by  cruralgia  and  inability  lo  straighten  the  thigh. 
t  must  be  remembereil  that  psoas  abscess  may  run  its  course  without 
any  interference  with  the  hip-movements  and  without  subjective  symp- 
toms, while  at  other  limes  it  may  simulate  hip-joint  disease,  from  which 
it  must  be  distinguished  by  careful  attention  lo  the  other  symptoms 
present. 

Pressure  upon  Nerve-roots. — The  results  of  the  compression  and 
irritation  of  sensory  nerve-roots  in  tlie  production  of  peripheral  jiain 
have  already  been  referred  to.  This  i.s  frequently  accompanied  by 
hyperesthesia  of  the  skin,  and  later,  when  the  conducting  power  of 
the  nerves  is  impaired,  by  anesthesia.  Muscular  weakness  due  to 
compression  of  the  motor  nerve-roots  is  not,  as  a  rule,  a  very  obvious 
symptom.     It  will  be   most  marked  when  caries  aflects  the  ccrvico- 
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dorsal  region,  and  the  nerves  to  the  arms  are  implicated.  Paralysis 
due  to  this  cause  will  be  accompanied  by  wasting  of  the  muscles  and 
by  the  reaction  of  degeneration.  Painful  contractions  as  the  result  of 
irritation  of  the  motor  nerve-roots  are  extremely  rare. 

Pressure  upon  the  Spinal  Cord  {Compression- pampU^ia). — It  has 
already  been  pointed  out  ihnt  the  most  common  cause  of  paraplegia 
is  pressure  from  the  accumulation  of  inflammatory  products  between 
the  bone  and  the  dura  mater,  generally  in  the  upper  half  of  the 
dorsal  region.  The  result  of  this  pressure  upon  the  cord  is  to 
impair  its  conductivity  and  to  produce  a  paralysis  varying  in  degree 
in  the  parts  below  the  level  of  the  lesion.  The  rapidity  of  onset 
varies  greatly,  the  paralysis  taking  from  a  few  days  to  some  months 
to  reach  a  high  degree  of  severity.  In  rare  cases  it  may  occur 
instantaneously  as  the  result  of  fracture-dislocation  through  a  carious 
vertebra,  or  from  hemorrhage,  or  from  the  sudden  bursting  of  an  abscess 
into  the  spinal  canal. 

Commencing  loss  of  power  in  the  lower  limbs,  together  with  ankle- 
clonus  and  increased  reflexes,  es|)ecial]y  the  deep  ones,  arc  early  seen 
as  the  result  of  pressure,  which,  if  unrelieved,  may  involve  the  pyr- 
amidal tracts  or  cau.se  their  degeneration  and  thus  give  rise  to  spastic 
paraplegia  ;  but  absence  of  patellar  reflex,  or  at  least  no  reflex  augmcr»- 
tation.  Is  seen  in  di.scase  below  the  cord-level — that  is,  in  the  area  of 
the  chorda  equina.  Loss  of  sensation  is  subsequent  to  that  of  motion, 
and  as  the  paraplegia  progresses^  loss  of  vesical  and  rectal  control  of 
the  reflex  variety  supervenes. 

It  should  be  noted  that  though  the  cord  is  affected  x-ia  the  meninges, 
yet  focal  symptoms,  as  are  seen  in  meningeal  tumor,  are  practically 
absent  in  caries. 

The  prognosis  of  p;iraplegia  following  caries  may.  on  the  whole,  bej 
considered  as  very  ho|>cful,  recovery  occurring  in  the  majority  of  cases. 
Nothing,  however,  can  be  positively  predicted  of  any  individual  case, 
however  slight,  nor  does  the  duration  of  symptoms  for  a  year  or  more 
necessarily  preclude  recovcrj-.  VV'hen  recover^'  fails  to  take  place. 
paralysis  both  of  motion  and  -sen.sation  may  remain,  though  more  com- 
monly .sensation  returns  more  or  less  completely,  whilst  palsy  and 
rigidity  of  Hmbs  remain. 

I>ia.gtiosis. — Though,  as  a  rule,  in  late  cases  diagnosis  does  not 
present  any  difficulty,  at  an  early  stage  it  is  only  by  a  very  careful 
attention  to  the  symptoms  of  the  disease  that  an  error  may  in  many 
cases  be  avoided.  We  would  specially  mention  as  significant  the 
marked  local  rigidit)'  of  the  .spinal  muscles  supporting  the  carious 
spine.  This  is  wanting  in  those  somewhat  difficult  cases  of  young  and 
ncr\'ous  girls  who  complain  of  pain  and  weakness  in  the  back,  and  who 
have  also  a  fixed  lender  spot  usually  over  one  of  the  dorsal  or  lumbar 
spines,  with  in  some  cases  marked  h>'peresthesia  of  the  skin  at  this 
point  The  absence,  however,  of  any  deformity  and  of  referred  pains, 
and  more  especially  the  peifect  flexibility  of  the  spine,  will  ser\'e  to  dis- 
tinguish these  cases  from  those  of  Pott's  disease.  The  diagnosis  of 
caries  from  new  growths  will  be  referred  to  under  the  latter  heading. 

Prognosis. — Owing  to  the  great  variations  presented  by  spinal 
caries  and  its  coniphcations,  a  mere  statistical  statement  of  recoveries 
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and  deaths  would  convey  nothing.  It  may  be  safely  stated,  however, 
that,  given  no  evident  complication,  general  or  local,  the  tendcnc>'  is 
always  toward  recovery  when  even  moderate  care  is  taken.  Abscess 
adds  to  the  risks,  for  unless  strict  precautions  are  taken,  the  superven- 
tion of  sepsis  aids  the  tuberculous  process.  Angular  cur\*ature  may 
shorten  life  by  the  reaction  on  the  general  health  of  the  di.spl.iccment 
and  cramping  of  important  organs.  Thus,  in  cer\'ical  disease  the  bend- 
.ng  forward  of  the  neck,  by  obstruclitig  the  trachea,  interferes  with  the 
free  entr>'  of  air;  in  dorsal  disease  the  approximation  of  the  ribs  and 
limitation  of  costal  niovenienis  seriously  hamper  respiration;  whilst 
dorsilumbar  disease,  by  cramping  the  abdominal  viscera,  causes  disorders 
of  digestion  ami  gives  rise  to  upward  pressure  on  the  diaphriigm, 
impeding  deep  inspiration  and  interfering  with  the  heart's  action. 

Death  may  be  brought  about  by  any  of  the  general  complications 
common  to  all  tuberculous  lesions,  such  as  lardaceous  disease,  cachexia, 
or  acute  tuberculosis.  Implication  of  the  spinal  cord  may  bring  about 
a  fatal  termination  from  acute  meningitis  and  myelitis  in  rare  instances, 
but  more  frequently  it  is  the  result  of  compression.  In  atlo-axoid 
disease  fatal  pressure  on  the  medulla  may  follow  dislocation,  or  a  post- 
pharjTgeal  abscess,  bursting  into  the  pharynx  and  entering  the  larynx, 
may  cause  death  by  suffocation. 

Treatment. — By  Rest. — The  indications  in  the  treatment  of  an 
uncomplicated  c;ise  of  spinal  caries  are  ui  relieve  the  fiKius  of  disease 
in  the  vertebra;  of  the  weight  of  the  su|>erincumbent  parts,  and  to  pro- 
vide against  jars  and  vibrations  of  alt  kimls.  The  former  of  these  is 
of  great  importance,  as  the  carious  process,  once  established,  is  lai^Iy 
maintaincil  by  the  pressure  from  above.  They  arc  met  most  com- 
pletely by  absolute  rest  in  the  recumbent  position,  and  con.sequcnlly 
this  mode  of  treatment  should  be  adopted  when  possible  in  all  cases  CO 
begin  with.  Mechanical  apparatus  which  allows  the  patient  to  get 
about  does  not.  in  our  opiniim,  give  that  rest  to  the  [jarts  so  necessary 
for  rapid  recovery.  In  acute  cases  rest  is  essential.  The  recumbent 
position  on  a  firm  bed  in  a  cheerful  and  well-ventilated  room  should  be 
adopted.  If  a  child,  the  patient  should  be  carried  out  when  possible 
into  the  open  air  on  his  mattress,  the  same  position  being  rigidly  main- 
tained throughout.  Except  in  caries  of  the  upper  cervical  vertebrse, 
there  is.  as  a  rule,  no  objection  to  the  employment  of  an  additional 
wedge-pillow  for  the  principal  meals.  When  restraint  is  necessary,  a 
strip  of  sonic  soft  material  should  be  carried  across  the  chest,  with 
apertures  for  the  arms  to  pass  through,  and  fixed  to  the  sides  of  the  bed. 
Limited  movements  of  the  arms,  especially  in  cervical  and  upper  dorsal 
disease,  must  be  insisted  upon.  When  the  disease  is  in  the  cervical 
region,  the  patient  should  be  kept  absolutely  horizontal,  and  the  head 
steadied  by  sand-bags.  A  firm  small  pillow  should  be  slipped  under 
the  neck,  to  provide  support  from  the  occiput  to  the  shoulders.  In 
atlo-axoid  di.sea.se  every  care  should  be  exercised  to  provide  against 
fatal  pressure  on  the  medulla  by  the  slipping  forward  of  the  atlas  on 
the  axis.  Even  when  the  oni^et  and  course  are  distinctly  chronic,  the 
best  results,  as  regards  both  duration  and  deformity,  will  be  obtained 
by  rest  for  a  time. 

By  Supports. — ^Some  form  of  mechanical  apparatus  for  supporting 
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Ihe  spine  will  be  indicated  when  all  symptoms  of  acute  diseases  have 
disappeared  during  treatment  by  recumbency,  and  repair  seems  to  have 
made  considerable  headway.  In  some  cases,  especially  in  hospital 
out-patient  practice,  where  the  social  position  of  the  patient  renders  it 
impossible  that  he  should  be  nursed  in  bed,  treatment  by  some  form  of 
support  from  the  commencement  will  have  to  be  adopted.  Though 
invaluable  in  these  cases,  it  cannot  compare  with  rest  in  bed,  a*  it  fails 
to  remove  all  downward  pressure  on  the  focus  of  disease  and  to  obviate 
all  jars  communicated  through  the  feet,  and  from  the  point  of  view  of 
deformit)',  treatment  by  supports  throughout  is  vastly  inferior.  When 
abscess  is  present  or  paralysis  threatening,  rest  alone  must  be  adopted. 
For  adults,  who  do  not  bear  prolonged  rest  on  the  back  so  well  as 
children,  a  jacket  may  be  employed  throughout.  For  the  purpose  of 
sup])ort  the  old  complicated  pieces  of  apparatus  have  been  practically 
superseded  by  tlie  plaster  jacket  introduced  by  Sayre,  or  the  poro- 
plastic  jacket  designed  to  obviate  certain  disadvantages  attaching  to 
the  latter. 

As  Sayrc  showed,  the  acme  of  support  to  a  carious  spine  could  only 
be  obtained  by  the  application  to  the  body,  when  extended,  of  a  closely- 
fitting  rigid  jacket  which  prevents  all  lateral  or  rotary  movement,  and 
which,  by  embracing  the  trunk  equally  at  all  points,  supports  the  body 
above  the  seat  of  disease  while  it  grasps  it  firmly  below.  It  thus 
relieves  the  inflamed  bone  of  much  of  the  superincumbent  weighL 
The  advantages  that  plaster  has  over  felt  are  chiefly  these :  Its  greater 
rigidity,  its  cheapness,  the  fact  that  the  surgeon  can  himself  readily  fit 
it,  and  that  it  cannot  be  taken  ofT  by  the  patient.  In  applying  it  the 
following  points  should  receive  attention;  Care  should  be  taken  in 
making  extension  that  this  should  stop  short  of  producing  pain  or  any 
feeling  of  strain  in  the  back.  All  bony  prominences,  especially  the 
anterior  iliac  .spines,  should  be  protected  by  pledgets  of  cotton  wool. 
The  lower  limit  of  the  jacket  should  be  well  down  over  tire  iliac  crests ; 
above,  it  should  be  carried  to  j  ust  below  the  armpits,  and  well  up  over  the 
chest  and  back.  Ashby  and  Wright  recommend  that  it  should  be 
carried  up  crosswise  over  the  shoulders,  the  cervical  part  being  after- 
ward cut  out. 

When  a  strong  prejudice  cxi»ls  against  s  jacket  that  citnmil  t)«  tnkrn  nlT  for  loilct  pur 
poses,  f«li  saj'icnt^d  liy  heat  ntay  Ixr  cmgiloyal.  As  cfiin[Mrrd  with  pInMcr,  it  Ciil»  in  HficicDCy 
from  ihc  vrry  fact  ihni  it  can  lie  l.ikrn  off,  from  its  linbilily  lo  ullM  im  &bape,  mid  fttjm  tJir 
cin'UTUiktitiKe  that  it  Titii  Sua  clti»L'1y  than  plaster  of  Pnrin.  Kelt  jackets  arc  always  weak  ova 
ihc  ch««t  nnH  the  crcKt<  i^f  thv  ilin,  Iw^  imnoctiint  fixation-puint«.  In  itiv  Utcr  .hUi^o  of 
cunes.  Iiowever,  it  gives  »inple  siipporl.  nnd  is  then  in  every  way  the  best  nuterial  lo  mplor. 
kVhcn  A  sinui  cxisln,  the  nitivahte  jiickei  in  nhviitunly  ImUct  lliaii  one  of  plaster  of  Pari*. 

When  a  pittient  i«  treated  at  an  early  stage  hy  the  rcciunhcni  )»«itioii,  nut  only  nuy  ibc 
1x)S!>  not  iiLcreane,  but  it  uiuy  Ic^Mrti  in  -size,  ns  wc-  have  seen  happen  on  several  occasjon*. 
This  i*  l!ic  innrc  likely  lo  occur  when  there  \>  but  one  ptoninent  i>pine.  Thti  result  might 
be  expected,  since  llie  trvatutent  a^luplrd  rcmoTes  tile  forces  that  are  displacing  Die  neural 
arches  backward,  and  direei  pressure  from  behind  inki?*  ih^ir  pince.  When  tevcral  bodir* 
are  affected  and  Ihe  angle  ii  already  well  fotmcd  and  conzolidatiuu  is  assured,  treaimeni  man 
be  directed  to  suppoitiiit;  (he  hack  ami  Lcsdentiii;  ihe  HU0eritig!i  nf  the  patient  thai  result 
from  hi*  curvature.  Any  gwjd  jlnys  with  hnn  steels  suitably  shaped,  wilt  serve  all  {luipusrs 
or  the  fell  jacket  nuy  be  adujiicd. 

In  corneal  disease  the  felt  jackets  may  be  adapted  to  the  case  by 
being  continued  upward  as  u  collar,  closely  fitting  the  neck  and  moulded 
above  to  the  chin  and   occiput  to  support  the  head.     A  better  con- 
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trivancc  is  an  upright  steel  rod  passing  up  from  a  suitable  jacket  to  just 
below  the  occiput,  where,  by  mean^  orarin<>  projecting  from  it  and  con- 
trolled by  screws,  pads  are  made  to  support  the  occiput  and  chin. 
Both  these  methods,  while  taking  off  the  weight  of  the  head  from  the 
spine  below.  limit  lateral  and  rotator\'  movements,  and  are  consequently 
adaptable  to  atlo-axoid  disease.  When  the  disease  is  below  the  atlo- 
axoid  joint,  Sayre's  jury-ma-st  may  be  successfully  employed. 

A  sli|[hl  iron  rTameworic,  fised  below  to  the  body  bv  neaas  of  i  pla&tvr  jacVrt,  Mipfiom 
•  flc«l  rod.  which  curves  forwArd  from  behind  over  tKe  head.  To  the  exlrvmily  of  this, 
which  is  4  inches  above  the  head,  is  aitarhed  a  swivel  cros^  bar,  which  carries  a  leaihetti 
ilinji  hf  tncani  of  which  the  chin  and  occiput  are  «uppnnrd.  Sayre  claimed  for  Ihit  )Ui>'- 
mast  that  the  head  was  free  lo  tnave  aniund  while  still  Mi{>)HirlKl,  and  Ihat  Iherrliv  the 
patient's  ccMnfort  wa*  much  increased.  The  objeclian  to  ihi«  nppAratut  i»  Ihii  the  iteel  bar 
prevents  the  child  lyiuu  down  pruperlj',  and  in  a  shuit  time  gets  betil  ui  dinptaced  ;  stii]. 
moreover,  in  the  recumbent  po<iiion  it  ceases  to  excrl  anr  traction  on  the  head.  While  we 
have  used  it  wcccssfully  iaa<lnll>and  older  children,  we  dunot  rccoininead  it  for  very  young 
children,  and  it  \%  itnt  suitable  fur  atlo-axuid  disease,  tin  account  of  the  nxation  allowed. 

Operative  Treatment. — Abscfss. — The  treatment  for  abscess  in  con- 
nection with  :»pinal  disease  should  be  conducted  on  lines  applicable  to 
chronic  abscess  in  connection  with  bone  elsewhere.  As  soon  as  these 
tubercular  collections  become  evident,  they  should  be  ojxrned  and  their 
contents  thoroughly  evacuated,  the  question  of  drainage  being  deter- 
mined by  the  special  exigencies  of  each  case.  In  general,  however,  it 
may  be  said  that  if  the  abt^ccss  can  be  reached  at  all  points,  and  all 
indammatory  products  removed,  the  ca.se  is  a  suitable  one  for  imme- 
diate closure  as  first  carried  out  by  Barker.  Essential  points  to  be 
attended  lo  are  thorough  cleansing  of  the  sac-wall  and  strict  antisepsis 
from  first  to  last. 

An  incision  having  been  made  into  the  abscess  and  the  contents  al- 
lowed to  esca[)e,  the  interior  is  carefully  explored  and  any  septa  present 
arc  broken  down.  Water  of  a  temperature  of  !03'*-i05"'  V.  is  poured, 
or.  better,  conveyed  by  Barker's  flushing  scoop,  into  all  parts  of  the 
cavity.  At  tlic  same  time  the  walls  are  thoroughly  scraped  to  remove  all 
the  tubercular  lining.  When  scraping  is  likely  to  be  attended  by  such 
risks  as  opening  the  peritoneum,  the  wall  may  be  rubbed  with  sterilized 
sponges.  The  cavitj'  having  been  well  flushed  and  mopped  dry,  an 
emulsion  of  iodoform  and  glycerin  is  poured  in.  The  greater  part 
should  be  allowed  to  escape  before  the  wound  is  finally  closed,  or, 
better,  the  abscess-cavity  should  be  wiped  out  with  sterilized  sponges, 
leaving  only  such  an  amt>unt  of  iodoform  as  will  adhere  to  the  walls. 

A  postpharyngtal  abscess  should  be  opened  promptly,  to  prevent  the 
possibility  of  a  spontaneous  opening  into  the  pharynx,  with  the  imme- 
diate risk  of  suffocation,  and  later  of  septic  infection.  It  should  be 
reached,  as  was  suggested  by  Hilton,  by  an  incision  carried  along  the 
posterior  border  of  the  sternomastoid.  or  where  most  superficial.  Open- 
ing the  abscess  through  the  mouth  should  be  done  only  in  an  emergency, 
the  patient  lying  on  ins  side  with  tht.*  head  inclining  a  little  over  the  side 
of  the  couch,  to  diminish  the  likelihood  of  pus  entering  the  lar>*nx. 

Dorsal  and  lumbar  abscesses  should  be  opened  at  the  most  promi- 
nent point  by  vertical  incisions,  the  further  treatment  being  conducted 
on  the  general  lines  laid  down  above. 

Fsoas  abscess  may  be  dealt  with  in  two  ways — either  by  an  opening 
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in  front  in  the  groin,  nr  heliind  in  the  lumbar  region.  The  former 
alone  is  object ionabl>c::,  if  diainagc  will  be  required,  since  tlic  wound  U 
ver\'  likely  to  become  septic,  especially  in  children,  from  the  proximity 
of  the  excreta.  Moreover,  it  does  not  admit  of  the  upper  part  of  the 
cavity  being  reached  for  purposes  of  exploration  and  cleansing.  In 
spite  of  the  difficulties  that  may  attend  the  operation  for  reaching  the 
upper  end  of  a  psoas  abscess  in  many  cases,  the  lumbar  opening  is  the 
one  that  should  be  adopted.  When  the  abscess  has  travelled  as  far  as 
the  groin,  an  opening  should  be  made  in  the  latter  situation  to  facilitate 
the  flushing  and  cleansing  of  the  ca^Stj-.  the  anterior  wound  being  sewn 
up  afterward.  The  operation  of  cutting  down  upon  the  psoas  sheath 
from  the  loin  is  not  altogether  free  from  risk  of  wounding  the  perito- 
neum, and  the  difficulties  may  be  increased  by  free  bleeding  from  the 
lumbar  arteries. 

Exphration  of  Bodies  of  the  Vertebra. — In  those  cases  in  which  an 
abscess  is  present  the  bodies  may  be  explored  with  comparative  ease, 
as  was  first  suggested  by  Treves  in  1884,  and  in  some  cases  sequestra 
and    portions   of   diseased    vertebne    removed.      When,  however,  an 

abscess  does  not  exist,  the  success  of  any  attempt  to  deal  with  carious 

foci  in  the  spine  will  be  in  most  cases  very  problematical.  The  techni-^H 
cal  difficulties  of  exposing  the  anterior  surfaces  of  the  vertebra:  are^H 
considerable,  and  this  applies  especially  to  the  dorsal  region,  though 
even  here  the  bodies  have  been  successfully  attacked  by  resection  of 
the  posterior  extremities  of  the  ribs.  The  dorsilumbar  and  the  lumbar 
rcjjion  is  more  accessible,  but  unless  an  abscess  is  present,  there  is  dif- 
ficulty in  getting  working  room  without  endangering  the  peritoneum. 

In  caries  of  the  sacrococcygeal  joints  and  of  the  coccyx,  rcmov* 
of  this  bone  is  a  sure  and  easy  method  of  cure. 

Treatment  o(    Paraplegia. — Since   the  tendency  in  these   cast 
especially  in  children,  is  toward  recover)-,  tliey  should  be  treated  in  th 
first  instance  by  rest  in  the  recumbent  pijsition.     This  may  be  combinec 
with  double  extension  ;  and  Watson  Cheyne,  who  speaks  highly  of  thii 
mode  of  treatment,  states  that  recovery  by  this  means  commences^ 
earlier  and  proceeds  more  rapidly  than  in  recorded  instances  of  lamin- 
ectomy.    Improvement  was  noted  by  him  within  three  days.     A  weight 
of  three  pounds  is  applied  to  the  head  and  a  similar  weight  to  the  legs. 
not  for  the  purpose  of  ojjening  out  the  cur\"cd  spine,  but  to  tire  out  the 
muscles  in  the  disea.sed  area,  which  by  their  contraction  keep  up  the 
inflammation. 

Under  certain  circumstances,  however,  laminectomy  holds  out  the 
only  hope  of  recovery.  Operation  is  indicated  (i)  when,  in  spite  of 
rest  and  appropriate  mechanical  treatment,  symptoms  either  persist 
or  steadily  increase ;  (2)  when  caries  of  the  arches  exists,  and  removal 
of  the  diseased  focus  seems  practicable ;  (3)  when  symptoms  directly 
threatening  life  are  present  (Thorburn).  The  question  of  when  to 
operate  is  not  one  that  can  be  definitely  settled.  Each  case  must  be 
decided  on  its  merits,  and  the  time  oi  operation  decided  by  the  f>articu- 
lar  symptoms  present  and  the  results  of  treatment.  A  sudden  onset 
of  symptoms,  as  indicating  the  bursting  of  an  abscess  into  the  canal  or 
the  displacement  of  a  sequestrum,  would  suggest  immediate  operation. 
A  fracture-dislocation  occurring  through  a  carious  vertebra  would  not 
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be  bcncBted,  and  should  contraindicate  all  interference,  as  would  also 
the  presence  of  extensive  tuberculous  disease  elsewhere. 

Immediate  Reduction  of  the  Deformity. — This  can  be  at  times 
cfiTecteti  b)'  means  of  extension  and  countcrcxtcnsion,  aided  by  direct 
pressure  over  the  projcctinti  spines,  the  patient  bcin;;;  under  chloroform. 
The  deformity  is  corrected,  and  the  i>atient*s  trunk  surrounded  by  a 
plastcr-of-Paris  j.-icket.  Since  this  mode  of  treatment  was  first  carried 
out  by  CliifKiull  in  1893,  a  number  of  cases  have  been  submitted  to 
rapid  reduction  of  the  curvature;  but  the  resuks  do  not  warrant  our 
recninmending  this  mode  of  treatment,  and  on  a  prxori  grounds  it 
seems  ih.it  any  benefit  likely  to  accrue  is  more  than  counterbalanced  by 
the  grave  risks  that  such  a  process  involves. 

SPONDYUTIS  DEFORMANS. 
This  1!^  an  a/lection  characterized  by  alteration  in  the  normal  curves 
and  ri-;triction  nf  the  ordinary'  movements  of  the  spinal  column. 

Pathology. — The  changes  in  the  spine  that  give  rise  to  this  disease 
arc  identical  with  those  that  affect  joints  jjenerally  in  arthritis  deformans. 

The  articular  cartilages  and  the 
in!ei%'ertcbral  disks  become  ab- 
sorbed, the  bones  become  altered 
in  shape,  and  bony  outgrowths 
take  place  from  the  margins  of  the 
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Kiu.  419.— Spondylitis  ddbrmans.  S|kc1- 
mrn  shnwitiK  lijiping  kO'I  niistfimtiiin  uf  liRa- 
mLiiis  on  ihp  rtghi  tide  of  ihe  spmviGur's 
H<»|HUI  Miitcum). 


I-'lii.  430.— ErosMMi  of  vcnebnr  by  aneu- 
ryun.  The  intrrvrnrbnil  ilKkt  are  Inuri 
(Ony'i  Hospiul    MuKunil. 


joine-surfaces  and  from  the  contiguous  borders  of  the  vertebral  bodies 
(Fig.  419).     More  or  less  restriction  of  movement  results,  and  this 
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may  go  on  to  absolute  fixation  of  a  considerable  portion  of  the  spinal 
column. 

Ankylosia  is  brought  ahtiut  in  tbrcc  wa^:  By  Ihc  locking  and  occmuonally  bjr  ihs 
conlcuccnre  of  the  f»M«fl[>hyies  %pnnj;ing  from  adjaccni  vcrtebrc  ;  by  a  dir«!t  bony  luuoQ 
of  the  vertvbi-nl  b(i(Lics(  Aiid  by  a  coDvrr^ivn  ti  thr  lif^mcoiv  into  boD«.  lliU  oweoui 
change  monc  commonly  alTeccs  the  anterior  commun  licamcDi.  Very  rarely  the  spiika 
and  lainiiue  are  found  united  by  bone.  The  coMorertebnd  anJculatiMM  oiay  be  nmilarijr 
atUu:keil. 

The  lower  dorsal  and  lumbar  vcrwbns  arc  mortcotomfinly  affected  ;  lew  frequently  ihoae 
of  Ihe  u[>[icT  cirrvii3il  region.  The  atlanio  occipital  and  atlo-axoid  antculatioiu  may  present 
the  characlcrintic  changes,  and  the  ndnnloiri  pmce**  may  be  ron*i(Ierably  cnLaT^cd. 

ll  it  a  [lixc:L»c  uf  later  middle  i>t  udvanted  life,  but  ca»s  may  be  met  with  ia  ^oimg 
aduli-s  nnd  even  in  children,     ll  i»  more  comiium  in  male)-  than  in  female)^ 

S3miptoiiis. — The  onset  is  gradual,  commencing  with  pain,  which 
may  be  persistent,  and  stiffness.  The  jiain  may  he  folt  in  the  small  of 
the  back,  pruvcnlintj  stooping,  or  in  the  neck,  interfering  with  move- 
ments of  nodding  and  rotation.  The  patient  sometimes  notices  that 
the  stiffness  affects  liis  chest,  restricting  the  ordinary  movements  of 
respiration.  An  alteration  in  the  figure  slowly  takes  place.  There  is 
a  gradual  diminution  in  stature,  and  with  thiis  an  inablUty  to  stand 
upright.  In  a  case  that  has  been  progressing  for  some  years  the  back 
presents  one  long  curve  with  the  convctcity  directed  backward;  the 
head  is  craned  forward,  and  the  chest  sunk.  Movements  are  greatly 
restricted,  and  there  may  even  be  complete  fixation  of  a  considerable 
portidn  of  the  spinal  column.  When  the  costovertebral  joints  are 
affected,  breathing  is  carried  on  almost  entirely  by  the  diaphragm. 

The  changes  in  the  spine  may  coincide  with  similar  changes  in 
joints  eisewherc,  or  may  be  confined  for  a  long  while  to  the  spinal 
column  and  the  costovertebral  articulations.  The  bony  outgrowths 
from  the  vertebra:  may  compress  the  ncr\'cs  in  the  intervertebral 
foramina,  giving  rise  to  neuralgic  pains  in  their  distribution.  Com- 
pression of  the  cord  itself  scarcely  ever  occurs. 

Treatment  will  he  conducted  on  lines  similar  to  that  employed  for 
rheumatoid  arthritis  occurring  elsewhere,  and  can  be  but  palliative. 

EROSION  OF  VERTEBRAE  BY  ANEURYSM. 

The  bodies  of  the  vertebrae,  most  frequently  those  of  the  dorsal 
region,  may  be  absorbed  by  the  pressure  of  an  aortic  aneurysm  (Kig. 
416),  and  in  some  ca.ses  an  angular  cun'aturc  is  produced.  Two  or 
three  vertcbr.'E  are  usually  affcaed,  the  bodies  being  destroyed  while 
the  intcr\'ening  disks  remain  comparatively  unaffected.  Erosion  is 
usually  attended  by  a  continuous  boring  pain  in  the  spine,  while  the 
pressure  on  the  adjacent  nerves  gives  rise  to  severe  neuralgic  pain  in 
their  distribution.  The  aneurysm  may  reach  the  cord  and  compress 
it.  with  the  production  of  the  usual  symptoms,  and  it  may  even  rupture 
into  the  canal. 

Diagnosis  from  growth  will  be  effected  by  the  presence  of  other 
signs  pointing  to  aneut;j-sm. 
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TUMORS. 

Tnmors  of  "ffie  Spinal  Column.— The  spine  may  be  the  seat  of 
either  primitrj,-  or  seconder)'  growths,  or  may  be  invaded  by  tumors 
originating  in  neighboring  structures. 

Of  primary  growths,  sarcomata  arc  the  most  conmioii,  originating 
cither  within  the  bone  or  from  the  jieriosteum.  Other  forms  of  primary 
growth  arc  very  rare.  A  hydatid  cyst  may  develop  in  a  vertebral  body» 
or  a  chondroma  or  exostosis  grow  into  the  spinal  cara).  compressing  the 
cord.     Carcinoma  is  the  most  common  secondar>'  growth  met  with. 

Symptoms. — The  slow-growing  tumors  will  give  rise  to  symptoms 
of  compression  that  art  marked  by  their  extreme  cltronicity.  On  the 
other  hand,  the  mah'gnant  growths 
arc  characterized  by  the  acuteness 
of  their  course  and  the  severity  of 
the  pain. 

Pain  is  a  most  prominent  symp- 
tom throughout.  While  seated 
sometimes  in  the  spine  itself,  in 
association  with  local  tenderness 
and  rigidity,  in  its  most  severe  form 
it  is  felt  in  the  distribution  of  the 
nerves  the  roots  of  which  are  in- 
volved in  the  growth.  It  is  intensi- 
fied and  often  rendered  agonizing 
by  the  slightest  movement.  Pain- 
ful muscular  contractions  and  local- 
ized paralysis  may  result  from  com- 
pression of  motor  ncrx'c-roots.  As 
the  result  of  the  infiltration  of  the 
bodies  of  the  vertebra;  with  soft 
growth,  these  may  fall  together, 
with  the  production  of  angular 
curvature  (Fig.  421).  This  may 
take  place  with  such  rapidity  that 
deformity  is  noticed  within  a  few 
weeks  of  the  onset  of  symptoms. 
Curvature  is  not,  however,  invari- 
able. Extension  of  the  growth  to 
the  spinal  canal  will  lead  to  com- 
pression of  the  cord,  with  the  pro- 
duction of  symptoms  similar  to 
those  described  in  caries.  A  rapid 
onset  of  ]jaralysis  is  .said  by  Gowers 
to  occur  more  frequently  in  growth  than  in  caries,  all  movement  being 
lest  in  frnm  twelve  to  twenty-four  hours. 

Diagnosis.— From  caries,  to  which  it  presents  many  points  of 
resemblance,  malignant  growth  may  be  distinguished  by  the  following 
characters :  Pain  is  much  more  severe  from  the  first,  and  is  intensified 
by  the  slightest  movement ;  the  course  of  the  disca-se  is  verj'  rapid, 
and  is  measured  by  months ;  in  spite  of  rest  and  appropriate  treatment. 


Fig,  431. — SeciMidary  canMToiMdepftslTs 
in  the  bodict  oT  Die  iloraal  and  lumlut  verte- 
bne.  Tlie  eleveoih  donal  vertebra  i»  re- 
duced almokt  to  ihe  dimenUunt  of  an  intet^ 
verlehnl  i1l»k.  with  ihc  production  of  nn 
mngu1arcurvatare<Guy'»Ha«piulMttiicum1. 


iiicrcasf  in  the  symptoms.  Age  is  an  important 
factor,  In  the  first  half  of  life  caries  is  by  far  the  most  common  cause 
of  curvature;  in  the  second  half  caries  and  growth  occur  with  about 
equal  frequency.  The  presence  of  an  abscess  in  connection  with  tlie 
spine,  or  tuberculous  lesions  elsewhere,  will  point  to  caries.  The 
possible  presence  of  an  ancurj-sm  or  a  (growth  originating  outside  the 
spinal  column  as  the  cause  of  severe  neuralgic  pains  from  pressure  on 
nerves  .should  be  borne  in  mind. 

Treatment  is  lirnited  to  the  relief  of  the  pain. 

Tumors  in  the  Spinal  Canal.— These  may  originate  in  the  cord. 
from  the  membranes,  or  outside  the  dura  mater.  Tumors  outside  the 
membranes  in  most  cases  spring  from  the  vertebral  column,  and  are 
of  a  malignant  type.  Very  rarely  lipoma  and  parasitic  tumors,  chiefly 
cchinococci,  develop  in  the  tissue  between  the  bone  and  the  dura 
maler. 

Tumors  of  the  cord  are  far  more  rare  than  those  of  the  membranes. 
They  comprise  most  frequently  gliomala,  sarcomata,  and  gummata; 
less  often,  tuberculous  ma.sses  are  found.  Growths  arising  in  the  mem- 
branes are  in  a  large  proportion  of  cases  .sarcomata  and  myxomata, 
less  frequently  tuberculous  nodules  and  gummata,  and  rarely  benign 
growths  such  as  fibromata,  lipomata,  and  anginmata. 

Tumors  are  found  most  frequently  in  the  dorsal  region.  They  are 
usually  single,  but  sometimes  two  or  three  coexist,  neuromata  of  the 
nerve-roots  being  frequently  multiple. 

Symptoms. — The  earliest  .symptom,  and  one  prominent  throughout 
the  course  of  the  disease,  is  pain,  felt  in  the  distribution  of  the  nerves 
whose  roots  arc  compressed  by  the  growth.  Unilateral  to  commenre 
with,  it  becomes  bilateral  as  the  tumor  increases  in  size.  It  is  generally 
severe  and  neuralgic  in  character.  Pain  is  not,  as  a  rule,  felt  in  the 
spine  until  the  growth  is  large  enough  either  to  press  on  the  dura 
mater  and  bone  or  to  erode  the  vertebrae.  Tenderness  on  pressure 
over  the  spines  may  be  elicited,  but  is  not.  on  the  whole,  veiy  common. 
Muscular  spasm  due  to  irritation  of  motor  nerve-roots  occurs  not 
Infrequently.  All  these  symptoms  are  most  marked  in  meningeal 
tumors. 

As  the  tumor  increases  in  size  it  will  compress  tJie  spinal  cord,  giv- 
ing rise  to  symptoms  similar  to  those  mentioned  under  the  head  of 
Paraplegia  due  to  Caries.  The  paralysis  is  of  gradual  onset  in  most 
ca.se.s,  Occasionally,  crossed  motor  and  scnsor>'  paralysis  results  from 
one-sided  tumors — paralysis  and  h)('peresthesia  on  the  side  of  the 
lesion,  anesthesia  on  the  opposite  side.  In  general,  it  may  be  said  that 
rapidity  in  the  progress  of  the  disease,  and  early  ]wraplegia,  with  a 
hislor)'  of  malignancy,  distinguish  the  malignant  form  of  tumor;  slow- 
ness in  onset  and  the  focal  character  of  the  paralysis  being  rather  seen 
in  innocent  growths. 

Treatment. — If  there  is  reason  to  suppose  that  the  tumor  is 
sypliilitic,  the  usual  remedies  should  be  energetically  employed.  A 
month  will  probably  suffice  to  indicate  the  nature  of  the  disease  and 
the  advisability  or  not  of  further  treatment  on  these  lines.  Tubercu- 
lous tumors  will  be  suspected  from  the  co-existence  of  tuberculous 
lesions  elsewhere.     They  may  yield  to  general  treatment. 
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Other  tumors  steadily  progress,  and,  apart  from  operation,  treatment 
can  be  directed  only  to  an  amelioration  of  symptoms.  The  prognosis 
being  necessarily  hopeless,  the  question  of  operative  inlerference 
becomes  an  important  one,  and  will  be  the  more  readily  adopted  now 
that  the  possibility  of  successful  removal  is  established  beyond  doubt. 
The  operation  will  be  conducted  on  similar  lines  to  that  for  the  relief 
of  other  forms  of  compression  (see  L-aminectomy).  Tumors  of  the 
spinal  cord  are  not  anit-nable  to  treatment.  As.  however,  growths  in 
this  situation  cannot  always  be  diagnosed  from  those  originating  in  the 
membranes,  operative  procedures  will  in  the  first  instance  partake  of 
an  exploratory  character.  Tumors  of  the  membranes  are  most  often 
met  with,  being  five  or  six  times  as  common  as  those  in  ilie  cord  itscll. 
As  Allen  Starr  points  out,  an  unfavorable  feature  in  the  prognosis  is 
the  frequency  of  sarcomata,  which  form  over  a  third  of  all  tumors 
found.  In  most  cases  that  have  recovered  the  growth  was  of  a 
benign  character — lipoma,  fibrnnm.  angioma.  The  results  of  npi-ra- 
tion  bring  out  very  clearly  the  importance  of  early  recognition  nf  the 
disease  and  removal  of  the  growth  before  irrecoverable  changes  have 
taken  place  in  the  cord. 

SCOUOSIS  (LATERAL  CURVATURE  OF  THE  SPINE). 

Hy  scoliosis  is  imphed  a  deformity  characterized  by  lateral  deviation 
of  the  spinal  column,  associated  with  rotation  of  the  bodies  round  a 
vertical  axis. 

Pathology. — It  should  be  borne  in  mind  that  the  erect  attitude 
of  the  spinal  column  is  maintained  only  by  muscular  activity.  When 
from  fatigue  the  erect  posture  is  ilei»artecl  from,  certain  positions  are 
assumed,  both  tn  sitting  and  standing,  which  involve  less  expenditure 
of  energy.  In  the  healthy,  vigorous  individual,  omng  to  a  due  balance 
being  preserved  between  rest  and  activit)',  there  is  no  tendency  for 
these  "  attitudes  of  rest "  to  jkiss  be>'ond  the  limit  of  what  may  be 
considered  a  perfectly  normal  physiologiail  condition.  Hut  in  the 
weakly  and  in  those  easily  liable  to  fatigue,  such  positions,  being 
habitually  indulged  in.  will  in  course  of  time  lead  to  the  |}ernianent 
impression  on  the  structures  of  the  spinal  column  of  the  curves  char- 
acterizing these  attitudes,  and  later  to  their  exaggeration.  An  ordi- 
nary example  of  an  attitude  of  re'st,  such  as  thai  known  as  standing  at 
case,  will  serve  to  make  tht:  above  clear.  In  this  position  the  patient 
rests,  say.  on  the  right  leg,  with  the  hip  and  knee  fully  extended,  the 
weight  of  the  body  being  transmitted  through  this  leg.  The  left  leg 
is  flexed  at  the  hip  and  knee,  and  the  pelvis  is  eonsequenll)'  tilled 
down  to  the  left-hand  side.  The  lumbar  spine  ts  thus  thrown  over  to 
the  left  In  order  to  restore  the  balance  of  the  body,  the  spine  must 
be  cur\'cd  over  to  the  right,  atid  thus  there  resu!t.s  a  curve  in  the 
lumbar  region  with  the  convexity  to  the  left.  There  follows,  of 
necessity,  a  cumpensaturj-  curve  in  the  dorsal  region,  with  the  con- 
vexity to  the  right,  for  the  purpose  of  balancing  the  upj)cr  |jart  of  the 
trunk  on  the  lumbar  curve.  In  this  form  of  curvature  the  primary 
curve  is  in  the  lumbar  region,  the  dorsal  one  being  secondary  and 
compcnsator}^     The  same  results  from  sitting  and  lounging  habitually 
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in  certain  attitudes.  Lateral  curvature  is  brought  nbnut  most  cor 
monly  in  this  way.  It  exhibits  itself  mostly  in  children  and  youn(^ 
adults,  most  often  in  pris.  They  arc  usually  observed  to  have  an! 
ill-developed  muscular  system,  and  belong  to  the  class  of  people  who 
are  soon  tired.  There  is  often  an  hereditary  history'  of  cunaturc, 
direct  or  collateral,  on  the  mother's  side;  and  where  one  girl  in  a  large 
Eimily  suffers  from  scoliosis,  flat-foot  or  knock-knee  is  often  found  in 
another  member  of  it. 

Healthy  adults  may,  a.i  ihe  r^tiit!  or  iKr  constant  perfoniUQce  of  cotBln  ferauoT  Iftbo^j 
><:(]uiie  a  pvmwneiil  curvature  ur  Ihe  »piue,  which,  as  in  the  cue  of  the  weakly,  is  to  M 
leginled  as  ihr  dxntton  of  wtint  i>  a  normnL  phyKiologicjil  aliitude.  In  ihls  case,  howcwi^l 
tl  is  an  auitudcriT  &ciivily  that  penDaaciUly  impresK*  tliclf  on  the  xpinal  cnlama.  Tfaia] 
form  uMulIy  rrNulls  fnun  carrying  liravy  wrighlb  un  one  shmildrr  or  in  on*  hand,  snd  the 
curve  prri<liitc(i  is  u.«ua1ly  n  I'.ng  s\T\\^-i  one  invulving  |lie  wliul*  of  the  doiMl  and  lurabei 
ipirc,  WLtIk  llie  convexity  ta  ihc  Mile  on  which  the  load  is  carried. 
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Fic.  4U. — Slutleunt  frnni  a  case  of  Lileial  curramre.  showini;  taleral  deviation  and  roiatrao 


Lateral  curvature  is  seen  occasionally  in  rickety  children,  the 
mechanism  of  prnduction  being  tlie  same  as  in  adolescents.  A  dis- 
parity in  the  length  of  the  legs,  as  from  old  fracture,  htp-dtseasc,  con-j 
genital  hip  dislocation,  or  infantile  paralysis,  will  also  be  productive  of' 
scolio,sis,  and  contraction  of  one  side  of  the  chest  from  empyema  or 
pleurisy  may  lead  to  the  same  result. 

On   account  of  the   unequal  compression  of  the   vertebral  disl 
brought  about  in  any  of  the  preceding  ways,  the  cartilages  become 
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flattened  on  the  side  of  the  concavitj*.  If  the  factors  maintaining  tlie 
curve  [jersist.  tlic  bodies  in  time  bceomc  wedge-shaped. 

Rotation  of  ihc  bodies  of  the  vertchr."c  on  a  vertical  axis  always 
accompanies,  and  is  a  necessary  consequence  of.  the  lateral  deviation 
(Fig.  422).  The  bodies  face  round  toward  the  convexitj',  \vhi\c  the 
spines  are  directed  toward  the  concavity,  so  lliat  the  deviation  of  the 
spinous  processes  docs  not  represent  the  full  lateral  cur\'ature.  As 
the  result  of  Uie  rotarj*  movenicnt,  the  transverse  processes  on  the  side 
of  the  convexity  are  direclcd  posteriorly,  carrying  will)  ihem,  in  the 
dorsal  region,  the  ribs,  the  angles  of  whicli  become  vcr\-  prominent. 
Jn  the  upper  dorsal  region  the  scapula  will  be  pu.thcd  farther  than 
normal  from  the  mid-Unc.  The  shoulder  on  the  side  of  the  convexity 
will  be  elevated,  and  this  is  frequently  the  first  sign  noticed  by  the 
patient.  Tlie  '"outgrowing  shoulder"  (/.  f..  the  scapula)  and  "the 
shoulder  carried  higher  than  the  other  "  are  modes  of  expression  often 
employed  by  parents  in  describing  the  aflfectioii  On  tlie  side  of  the 
concavity  the  capacity  of  the  chest  is  much  {liniinished.  the  ribs  being 
crowded  to^^ether,  whilst  the  breast  is  sometimes  noted  as  more  promi- 
nent than  on  the  opposite  sitic. 

Symptoms* — The  patient  shouhl  be  strip[>ed  to  tlie  hips,  and  the 
clothes  held  by  a  nurse,  to  allow  the  patient's  arms  to  hang  free  and 
also  to  prevent  any  constriction  or  concealment  of  the  loins.  The 
vertebral  spines  arc  first  examined  for  any  deviation  from  the  middle 
line.  The  loins  arc  then  carefully  compared  as  regards  symmetry*,  and 
it  is  here  that  the  earliest  .signs  of  curvature  are  noted  in  the  majority 
of  cases.  In  the  slightest  cases  there  will  be  a  want  of  synmielry  in 
the  loins — on  the  side  of  the  curvature,  a  curved  outline  or  al  least  a 
straight  one ;  on  the  concave  side,  a  more  or  less  marked  dipping  in  or 
creasing  of  the  soft  parts.  We  regard  this  as  the  most  important 
objective  sign  of  early  .scolio-^is. 

In  a  well-developed  case  a  posterior  projection  in  the  loin  of  the 
erector  spine  on  the  side  of  the  convexity,  and  of  the  angles  of  the 
ribs  in  the  dorsal  region  on  the  ojjposile  side,  will  be  obser\'ed.  The 
prominence  of  the  scapula  and  the  heightening  of  the  shoulder  will 
also  be  obvious.  Examined  in  front,  the  breast  on  the  side  of  the 
dorsal  concavity  will  project  more  than  that  on  the  other  side.  In 
advanced  cases  all  the  above  signs  will  be  immensely  exaggerated, 
especially  in  the  dorsal  region,  where  the  rotation  may  lie  so  marked 
that  the  angles  of  the  ribs  form  a  ridge  running  more  or  less  i>arallcl 
with  the  spine,  and  easily  mistaken  ftir  it  by  a  careless  observer. 

The  general  health  of  the  patient  and  the  musculature  should  be 
carefully  noted,  for  no  cure  can  be  effected  so  long  as  they  remain 
defective.  Pain  in  early  cases  is  generally  confined  to  a  general  back- 
ache, muscle-weariness,  and  an  aching  imder  the  blade-bones.  In 
advanced  cur\'alure  the  ribs  may  be  so  pressed  together  as  to  cause 
intercostal  neuralgia.  .Shortness  of  breath,  palpitation,  and  dyspcjisia 
may  be  complained  of  in  .severe  cases,  from  limited  movement  of  the 
ribs  and  diminished  capacity  of  the  chest  and  abdomen. 

Treatment. — Formerly,  mechanical  support  was  regarded  a.s  the 
essential  in  treating  lateral  curvature;  and  white  there  is  no  denying 
the  comfort  given  by  suitably  chosen  appliances,  they  arc  likely,  when 
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discontinued,  to  leave  tlic  patient  in  a  more  helpless  state  than  before. 
Having  largely  taken  the  place  of  the  patient's  muscles  and  reduced 
to  a  minimum  the  exertion  necessary-  to  maintain  the  erect  position. 
the  patient  becomes  less  and  less  fiUed  to  be  again  independent  of 
artificial  support.  However,  in  patients  with  advanced  cur\'ature 
strong  supports  will  be  found  of  very  great  value  to  enable  them  to 
remain  useful  units  of  society ;  though  even  these  cases  may  obtain 
relief  from  some  of  their  complications,  such  as  neuralgia,  oppresse 
breathing,  etc..  by  using  some  of  the  exercises  indicated  in  less  severe 
forms  of  scoliosis. 

The  treatment  of  lateral  curvature  falls  under  three  heads:  i.  Rest; 
2.  Exercises ;  3,  Supports. 

Rest.— Few  cases  come  before  the  surgeon  in  which  absolute  rest 
is  not  at  first  required.  Mo.st  scoliosis  cases,  when  they  first  present 
themselves,  arc  overwrought  and  unable  to  keep  upright,  sinking  every 
moment  into  the  halting  position.  Confinement  to  a  reclining  board 
or  a  flat  couch  is  neccssurj-,  and  no  exercise,  not  even  sitting  up  to 
meats,  should  be  alloxved.  The  general  health  and  environment  should 
be  attended  to  and  tonics  administered.  After  (he  first  few  rfay.s. 
massage  of  the  muscles  of  the  back  should  be  carried  out  daily,  and 
this  on  alternate  days  can  be  extended  to  the  whole  body.  This  regi- 
men should  be  continued  until  the  health  is  obviously  impro\*ing,  the 
muscles  developing,  and  all  rachialgia  gone.  Exercises  may  then  be 
substituted  fnr  the  massage,  and  the  patient  may  sit  up  a  short  time 
for  the  mitldaj'  meat.  This  stage  is  usually  reached  in  about  four 
wcck.s.  When  the  exercises  have  been  learnt,  and  the  patient  is  accus- 
tomed to  them,  and  not  wearied  by  them,  she  may  begin  to  take  short 
walks  of  fifteen  minutes'  duration,  being  previously  fitted  with  suitablt 
corsets.  All  rest  must  still  be  taken  lying  down.  In  fact,  sitting  is 
the  last  position  allowed.  The  length  of  time  during  which  the  hori- 
zontal position  should  be  maintained  for  purposes  of  rest  varies  in  every 
case,  but  may  extend  to  twelve  or  even  eighteen  months. 

Exercises. —  There  arc  numerous  forms  of  exercises  recommended, 
but,  provided  they  fulfil  certain  conditions,  detail  may  be  disregarded. 
The  conditions  are  active  cvercise  of  the  muscles  of  the  back  and 
shoulders,  regularly  carried  out  in  such  a  way  that  there  ma)'  be  at  the 
same  lime  an  extending  force  at  work  on  the  spine  itself.  The  follow- 
ing is  an  example  of  an  exercise  without  apparatus.  Extend  the  arms 
fully  over  the  head,  and  let  the  hands  meet  and  clasp;  now,  .straining 
the  arms  and  trunk  upward  as  far  as  possible,  bend  slowly  forward  at 
the  loins,  as  though  in  the  act  of  making  a  plunge;  then  by  reverse 
action  recover  the  original  position.  In  mild  cases  the  spine  may  be 
seen  to  straighten  at  once.  On  examining  a  case  it  is  well  to  make 
the  patient  go  through  this  exercise,  as  the  surgeon  can  thereby  form 
an  opinion  of  the  extent  to  w  hich  the  cur\'ature  can  be  obliterated. 
Subsidiary  exercises,  which  fail,  however,  in  producing  extension,  are 
the  ordinary  arm -exercises,  with  or  witiiout  light  clubs,  which  arc 
mostly  done  at  gymnastic  classes. 

Of  exercises  with  apparatus,  the  cross-bar  hanging  from  two  parallel! 
ropes  is  a  favorite.  It  has  two  objections ;  the  hands  are  kept  at  the 
same  level,  and  it  is   too  often  used  merely  to  swing  from,  which 
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involves  no  active  muscular  exercise.  We  prefer  to  this  a  simple  rope 
hanging  from  the  ceiling.  Up  this  the  patient  climbs  hand  over  hand 
till  off  the  ground.  At  this  stage  the  hand  on  ilic  side  of  the  dorsal 
concavity  should  be  the  higher  on  the  rope,  an^l  thus  a  greater  force 
brought  lo  bear  by  means  of  the  tr;t[»ezius  of  that  siile  than  when  the 
hands  are  on  a  level.  After  remaining  in  this  position  a  few  seconds. 
the  patient  climbs  down,  repeating  the  process  again,  until  when  used 
to  it  she  can  carry  it  out  for  ten  minutes  twice  a  day. 

For  tlie  details  of  other  exercises,  such  as  Sayre's  swing  exercise 
and  Schmid's  exercise,  we  must  refer  to  special  works  on  the  subject 
In  both  of  these  exercises  direct  force  is  exerted  upon  the  spinal  column 
by  means  of  a  head-piece. 

5upports. — All  rigid  supports,  such  as  Sayre's  and  poroplastic  felt- 
jackets,  as  wcU  as  the  elaborate  ones  of  leather  and  steel  manufactured 
by  ever>'  instrument-maker,  should  be  reser^'cd  solely  for  incurable 
cases — that  is.  cases  that  are  too  far  advanced  to  admit  of  being  again 
made  "  straight."  and  in  whom,  even  if  the  tendency  is  not  to  gel 
worse,  there  are  the  various  symptoms  dejKjndent  upon  compressed 
viscera.  For  all  cases  under  treatment  with  a  view  to  improvement, 
no  further  support  is  required  than  that  given  by  specially  made  cor- 
sets. There  are,  however,  special  points  in  their  construction  which 
alone  can  make  them  perfect.  They  should  reach  low  down  over  the 
hips,  so  that  a  pelvic  strap  which  forms  jjart  of  the  corset  may  get  a 
firm  grip  round  the  pelvis,  and  tlius  supply  a /<^m/  d'af>pui  ^ot  tlie 
steels  passing  upward ;  and  secondly,  the  steels  shouUl  he  made  of 
thin  metal  and  suitably  sprung,  so  that  without  taking  from  the  patient 
the  necessity  of  using  her  own  muscles,  they  give  just  enough  elastic 
support  to  ease  that  extra  muscle-strain  which  these  patients  arc  so 
ill  able  to  bear 


CHAPTER   XXVI. 
SURGERY  OF  THE  PERIPHERAL  NERVES. 

For  information  upon  the  etiol<^;y,  symptoms,  and  treatment  of  those  lesions  of  the 
peripheral  nerves  which  are  not  strictly  sui^ical,  the  reader  is  referred  to  standard  worlcs 
upon  Neurolc^.  In  the  present  chapter  only  those  considerations  which  are  of  direct 
sui^ical  importance  are  discussed. 

VOUNDS   AND  INJURIES  C^  NERVES. 

Contttsions. — Traumatic  lesions  of  nerves  range  in  severity  from 
slight  contusions  to  complete  destruction. 

Disturbances  of  function  may  result  from  contusions,  stretchings,  or 
pressures.  They  vary  from  the  numbness,  tingling,  and  motor  paralysis 
of  a  few  moments'  duration  to  entire  loss  of  motor  and  sensory  func- 
tion, which  may  require  months  or  even  years  for  complete  restoration. 
In  some  instances,  indeed,  the  impairment  is  permanent. 

Contusions  usually  affect  those  nerves  which  lie  in  close  contact 
with  bones,  and  which  are  separated  from  the  skin  merely  by  thin 
tissues  or  fibrous  aponeuroses — the  ulnar,  for  example,  at  the  internal 
condyle,  the  anterior  tibial  at  the  head  of  the  fibula,  the  musculospiral 
behind  the  humerus.  Nerves  more  deeply  placed  may  share  in  the 
general  bruising  which  affects  thick  soft  parts,  as  in  crushing  of  the 
thigh  and  of  the  upper  arm,  but  nerves  thus  placed  are  injured  only 
with  difficulty.  At  the  Massachusetts  General  Hospital  one  case  has 
been  observed  "in  which  the  nerves  retained  their  function  after  the 
upper  arm  had  been  run  over  by  a  freight  car.  Nothing  was  preserved 
except  the  nerves,  the  blood-vessels,  and  the  skin.  Years  afterward 
the  forearm  was  found  unimpaired  in  nerve-force,  though  the  central 
portion  of  the  upper  arm  was  without  bone  or  muscle. 

The  brachial  plexus  is  not  infrequently  the  seat  of  direct  violence 
from  dislocations  of  the  head  of  the  humerus  and  from  other  injuries 
that  stretch  the  plexus  and  bruise  It  against  the  clavicle  or  against  the 
first  rib. 

Contusions  may  cause  an  irritation  of  the  nerve,  which  at  times 
results  in  a  local  neuritis.     The  nerve  becomes  congested  and  swollen. 

The  symptoms  of  contusion  come  on  immediately,  and  are  the 
effects  of  the  initial  violence.  At  first  there  may  be  only  a  tingling 
sensation  along  the  course  of  the  nerve,  with  more  or  less  pain.  A 
sensation  of  heat  is  often  felt  at  the  peripheral  distribution  of  the  nerve. 
These  symptoms  may  be  followed  by  complete  sensorj'  and  motor 
paralysis.  When  the  results  of  pressure  upon  the  brachial  plexus 
appear  gradually,  they  are  probably  owing  to  the  secondary  and  pro- 
longed pressure  of  the  dislocated  bone  rather  than  to  tlie  immediate 
bruising. 

Paralysis  of  the  circumflex  nerve  from  falls  upon  the  shoulder  is 
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often  observed — frequently  associated  with  inipairnteiit  of  tht  motions 
of  the  shouldtT,  especially  of  raising  the  humerus  upward  and  outward. 
In  these  cases  it  is  liard  to  sec  how  a  ncrvx  can  be  contused  when  so 
deeply  placed  a,s  liie  circumflex,  fully  protected  as  it  is  by  the  deltoid. 

Treatment — Cnntusioiis  usually  result  in  rcxovery  even  after  com- 
plete paralysis.  Convalescence  is  hastened  by  tlit-  use  ut'  L-lcctrical 
stimulation  and  massajje-    Should  tlie  paral-      •  -% 

ysis  persist  after  reasonable  efforts  at  pallia- 
tive treatment  and  reasonable  time  for  spon- 
taneous recovery.  tJie  nerve  should  be  ex- 
posed and  its  exact  condition  determined. 
When  the  nerve  is  fcmnd  congested  and 
swollen,  as  in  Fig.  425.  relief  of  pressure 
will  be  followed  by  recover^'.  Kven  if  the 
nerve  ha^  been  atrophied  and  its  structure 
apjwrently  dt:stroycd.  relief  of  pressure  may 
be  followed  by  recovery  by  the  renewal  of 
the  nerve  structure  along"  the  alinphietl 
trunk,  as  in  healing  through  the  cicatrix  of 
a  nerve  suture.  Before  resecting  a  nerve 
that  is  atrophied  and  apparently  destroyed 
by  pressurtrsomc  months  should  be  given 
after  relieving  the  pressure  upon  the  nerve 
for  spontaneous  repair,  especially  if  the  sec- 
tion alTected  is  so  extensive  as  to  make 
resection  and  direct  *iuture  impossible. 

The  patient  from  whom  the  sketch  (Fig. 
423)  was  made  had  complete  musculospiral 
paralysis  caused  by  a  blow  upon  the  back  of  the  upper  arm  by  the  flat 
of  a  wooden  broad-sword.  The  patient  was  a  professional  wrestler, 
and  made,  after  the  relief  of  pressure  by  free  incision  thrtiugh  the 
triceps,  so  perfect  a  recovery  that  he  was  able  to  renew  his  wrestling 
contests. 

Pressare. — Pressure  long  continued  will  produce  a  paralysis  more 
or  less  complete.  The  pressure  may  be  of  one  or  two  hours'  or  of 
montlis'  duration.  Examples  of  the  former  are  seen  in  tlie  eflfects 
of  the  application  of  tourniquets,  cords,  bandages,  and  of  sleeping  on 
the  arm;  of  the  latter,  tn  the  encroachment  of  neoplasms,  calluses, 
displaced  fragments  of  bone,  and  in  the  use  of  crutches. 

The  musculospiral  is  especially  liable  to  pressure  between  the  lower 
end  of  the  humerus  and  the  flat  tendon  of  the  triceps.  Occasionally 
the  nerve  is  caught  and  compressed  between  the  ends  of  a  broken 
bone.  Paralysis  of  the  musculospiral  nerve,  from  its  position  close  to 
the  humerus,  illustrates  also  the  danger  attending  the  use  of  the  elastic 
tourniquet  in  bloodless  distal  operations.  Such  a  mishap,  though  its 
effects  are  but  teniporar}',  is  peculiarly  disquieting,  and  makes  inadvis- 
able the  prolonged  use  of  a  tightly  applied  elastic  tourniquet. 

A  rare  form  of  paralysis,  probably  caused  by  pressure,  though 
possibly  by  stretching,  is  that  of  the  brachial  plexus  during  operations 
upon  patients  In  the  Trendelenburg  position.  This  condition  occurs 
occasionally  after  prolonged  elevation,  abduction,  and  outward  rotation 


FtC  433.  ^  Mukulutpkral 
nerve  u  ll  appnred  m  a  c^i&r 
of  pamly«ts  fr<<m  confusion  Mnd 
prnturc  hetw««n  the  huraenu 
anrl  the  tefiduti  of  Ibe  tnctp* 
(lioiu  spcdiiKD  suppli«d  bji  U. 
1^.  Kicb&rdwn). 
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of  the  arms,  the  plexus  being  pressed  against  the  head  of  the  humerus' 
and   under  the  surface  of  the  clavicle,  or  held  up  against  processes  nf 
thf  deep  ccr\ncal  fiiscia.     The  anns  shoidtJ  never  be  held  thus  in  the 
Trendelenburg  position,  but  rather  folded  over  the  chest. 

Another  paralysis  \%  sometimes  seen,  after  the  arm  has  hung  over 
the  edge  of  the  table  during  a  prolonged  operation.  This  is  generally 
a  musculospiral  paralysis,  and  is  caused  by  the  pressure  of  tlie  arm 
against  the  edge  of  a  tabic. 

Ariollier  form  of  pressure-paralysis  is  occasionally  caused  by  the 
use  of  crutches.  A  loss  of  power  is  noticed  in  the  muscles  supplied 
by  the  musculospiral.  ulnar,  and  median  nerves  with  more  or  less  ting- 
ling and  anesthesia  in  their  area  of  distribution.  Those  paralyses  caused 
by  a  transitory  pressure  disappear  more  or  less  promptly  upon  the 
removal  of  their  cause. 

Paralyses  occur  also  from  the  pressure  of  inflammatory  exudations, 
from  the  strangling  of  surrounding  neoplasms,  as  well  as  from  direct 
compression  between  neoplasms  and  adjacent  structures;  as,  for  exam- 
ple, facial  paraly.si.s  in  the  course  of  inflammations  of  the  mastoid 
and  in  carcinoma  and  other  inhltrating  neoplasms  of  the  parotid; 
paralysis  of  the  posterior  crico-arytenoids  from  pressure  of  thyroid  or 
mediastinal  tumors  upon  the  recurrent  laryngeal  nerves;  afTeclions  of 
the  intercostal  ner\'es  from  the  pressure  of  aneurysms. 

A  marked  surgical  interest  attaches  to  those  .symptoms  of  nerve- 
involvement  which  appear  slowly  ;is  the  result  of  compression  from 
cicatrices,  accidental  or  surgical  (Fig.  424).     Whether  the  manifestation 


dluppenrrd,  and  ihc  norninl  ncrvcsiruttiin;  h.l^  Im-n  rt^placed  by  ail.  i 
(Wdgcrt.  lo«r  priwer).     (From  ipeckmtn  supplied  by  E.  W.  Taylor.) 


be  pain  or  loss  of  power,  the  existence  of  cicatricial  tissue  in  the  course 
of  the  affected  nerve  suggests  a  probable  cause.  Such  affections,  slowly 
api>earing  after  injurv'  or  operation,  unrelieved  by  palliative  treatment, 
require  surgical  exploration  to  determine  the  exact  condition  and  to 
afford  relief. 
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Treatment — Pressure-analyses  are  usually  self-evident.  Those 
appearing  after  prolorffed  application  of  tourniquets  or  after  unusual 
positions  are  so  clearly  the  result  of  a  pressure  already  relieved  that 
proper  measures  of  treatment  do  not  require  a  consideration  of  the 
exact  lesion.  TJiose  caused  directly  or  indirectly  by  a  violence  suffi- 
cient to  produce  laceration ;  those  that  may  depend  upon  an  unrelieved 
pressure,  as  upon  bony  growths,  calluses,  dislocations,  enlanglemenis 
in  contracting  scars — all  such  cases  raise  tlic  question  of  operative 
intervention,  and  therefore  of  a  more  or  less  exact  diagnosis.  For  no 
rime  should  be  lost  in  palliative  treatment  if  there  is  a  solution  of  con- 
tinuity, and  none  if  tl]cre  is  an  unrelieved  pressure.  It  is  impossible 
in  all  cases  Ui  say  that  the  causative  lesion  no  lunger  exists,  that  the 
pressure  is  relieved,  or  even  tliat  the  nerve  is  undivided.  To  wait  until 
the  failure  of  palliative  treatment  has  demonstrated  the  need  of  surgery 
requires  from  six  months  to  two  years.  So  long  a  delay  in  cases 
which,  if  the  exact  condition  were  known,  would  require  operations  of 
relief  or  of  repair,  will  in  many  cases  bring  about  hopeless  changes  in 
the  nerve  and  In  tlic  muscle  supplied.  It  is  necessary,  therefore,  in 
traumatic  cases  to  explore  early,  ni>t  only  for  the  foregoing  reasons, 
but  for  the  reason  that  iheejirlicr  the  pressure  is  removed  or  the  sooner 
the  suture  is  applied,  the  better  the  prognosis. 

Paralyses  from  the  pressure  of  dislocated  bones  require  a  reduction 
of  the  dislocation.  If  reduction  is  impossible,  it  may  be  necessary  to 
resect  the  bone,  especially  the  dislocated  head  of  the  humerus.  Paral- 
yses accomp;inying  fractures  may  require  freeing  of  the  nerve  from  an 
imprisoning  callus  or  from  compressing  fragmenl-ends,  In  the  great 
majority  of  instances,  however,  the  history  of  the  case,  the  manner  of 
injury,  its  severity  and  its  extent,  the  onset  and  course  of  the  paralysis, 
indicate  with  suflficient  clearness  that  there  is  no  gross  destruction  of 
the  nerve.  Under  such  circumstances  it  is  only  when  palliative  meas- 
ures— electricity,  massage,  showering,  strychnin — fail  after  faithful  use 
for  from  four  to  six  months,  according  to  the  degree  of  paralysis,  that 
the  nerve  should  be  exposed  at  the  seat  of  injury*.  In  most  cases 
relief  of  pressure  is  all  that  will  be  required,  though  one  must  not 
be  surprised  to  6nd,  even  in  apparently  simple  contusions,  serious  im- 
pairment or  even  complete  destruction  of  the  nerve. 

Stretchings. — That  the  stretching  of  a  nerve  is  sufficient  to  inter- 
fere with  its  functions,  particularly  motor,  has  been  demonstrated  by 
the  eiTects  produced  upon  muscular  spasm  by  the  stretching  of  the 
supplying  nerve.  Stretching  the  facial  nerve  for  spasm  has,  for  example, 
caused  a  transitory  facial  paralysis. 

The  frequency  as  well  as  the  importance  of  accidental  stretching  of 
a  nerve  is  inconsiderable,  unless  the  paralysis  noted  in  a  foregoing 
paragraph  as  occurring  after  prolonged  Trendelenbui^  posture  is  owing 
In  a  stretching  of  the  brachial  plexus  rather  than  to  pressure.  Stretch- 
ing, to  be  paralyzing,  must  be  considerable;  for  example,  stretching  of 
the  sciatic  for  neuralgia  rarely  causes  functional  disturb^uices.  More- 
over, stretching  of  the  spinal  accessory  generally  fails  to  relie\*e,  even 
temporarily,  the  stcmomastoid  spasm.  Although  by  stretching  it  seems 
difficult  to  cause  symptoms  of  functional  disturbance,  yet  cases  do 
occur  in  which  functional  impairment  can  be  explained  in  no  other 
hi 
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way.  Such,  for  instance,  is  that  foUovvirg  falls  in  which  the  wetgi 
of  the  body  is  suddenly  thrown  upon  the  over-extenUcd  pahn.  Pa 
ysEs  of  the  brachial  plexus  after  prolonged  operations  upon  [>aticnLs  in 
the  Trendelenburg  position  may  possibly  be  caused  by  stretching  rather 
than  by  pressure  upon  the  clavicle.  In  paralysis  from  stretching,  sur- 
gical intervention  is  rarely  if  ever  required. 

Dlslocation  of  Nerves. — Nerves  are  sometimes  thrown  out  of 
their  normal  positions  in  relation  to  bony  prominences.  The  ulnar,  from 
its  t^roove  behind  the  internal  condyle,  is  most  frequently  dislocated, 
and  the  dislocation  is  sometimes  habitual.  The  peroneal  nerve  is  some- 
times displaced  in  fractures  of  the  tibia  (Deaver).  From  observations 
on  the  cadaver  it  has  been  shown  that  when  the  ulnar  is  freed  from  its 
bed,  flcxiim  of  the  elbow  dislocates  it.  Sometimes  violent  flexion  will 
tear  the  nerve  from  its  bed.'  According  to  Wharton'  the  symptoms 
deiiend  ujion  the  method  and  the  severity  of  the  injury — varying  from 
a  tingling  sensation  to  a  complete  paralysis. 

The  causes  of  dislocation  are  muscular  violence  and  direct  violence. 
and.  in  the  case  i)f  the  ulnar  nerve,  fracture  of  the  internal  condyle. 

Treatment. — Most  cases  require  operative  intervention  to  hold  the 
nerve  in  place ;  though  sometimes  replacement,  rest,  anodynes,  and 
applications  arc  sufficient  (Ucavcr). 

The  ulnar  nen'e  is  exposed  and  replaced  in  its  normal  position,  bcin_ 
helfi  there  by  flaps  from  the  triceps  or  by  suturing  the  inner  border  of 
the  tendon  of  the  triceps  to  the  muscular  aponeurosis  of  the  flexor  group. 
Replacement  of  the  nerve  is  followed  by  disappearance  of  symptoms. 
In  no  case  has  neuritis  followed,  in  habitual  dislocations  Kolliker 
ad\*ises  deepening  the  groove  and  suturing  the  parts,  the  cicatrix 
tending  to  keep  the  ncr\'c  in  place. 

Lacerations,  Sections,  Crushings. — Injuries  to  nerxcs.  uiih 
more  or  less  complete  division  of  their  libers,  direct  crushing  violence 
with  actual  loss  of  substance,  incised  wounds  with  partial  or  complete 
division,  are.  from  every  point  of  view,  of  the  greatest  importance. 

■l"he  commonest  result  of  violence  applied  ilirectly  to  the  nerve  is 
section,  partial  or  complete.  This  is  usually  caused  by  knives,  edged 
tools,  glass,  and  bullets.  The  nerves  at  the  wrist  are  those  most  com- 
monly injured  in  this  manner,  in  whtcli  case  the  tendons  are.  as  a  rule, 
also  divided :  less  frequently  injured  are  the  nerves  at  the  elbow,  and  in 
the  upper  arm,  the  leg,  and  the  thigh.  Rarely  otiicr  nerves  are  wounded 
— the  facial,  especially  during  operations  upon  or  about  the  parotid, 
the  sciatic  froni  falls  upon  glas.s,  the  pneumogastric  or  phrenic  from 
incised  or  gunshot  wounds.  The  nerve-trunk  may  be  jxirtially  or  com- 
pletely divided.  Lacerated  wounds  of  nerves  result  from  blows  of 
great  violence  by  whicti  the  soft  parts  are  crushed  and  the  bones  com- 
minuted. In  sucli  cases  the  destruction  may  involve  a  narrow  section 
or  several  inches  of  the  nerve.  The  wliole  trunk  may  be  completely 
destroyed  throughout  the  area  crushed;  it  may  be  partially  destroyed, 
a  few  fibers  remaining  intact  through  an  irregular  shreddy  mass  of 
variable  extent 

Diagnosis. — The  condition  of  the  nerve  may  be  determined  by  direct' 

I  Dennis's  SytUm  of  Surgery, 
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examination  of  the  open  wound.  In  some  instances,  however,  even 
when  the  destruction  is  excessive,  the  skin  is  unbroken.  Whenever  an 
exact  lietermination  of  the  injun-  by  direct  inspection  is  impo.ssible.  the 
nerve  implicated  can  usually  be  demonstrated  by  the  existing  paralysis, 
whether  motor  or  sensor}-  or  both.  The  muscular  groups  paralyzed 
and  the  skin-areas  affected  will  enable  the  surgeon,  from  anatomical 
knowledge,  to  arrive  at  a  correct  deduction.  The  diagnosis  as  to  the 
scat  of  the  lesion  in  a  given  nerve  will  dejicnd  upon  the  point  to  which 
the  paralysis  of  muscular  groups  rises.  A  paraly.sis  affecting  the  fore- 
arm, but  not  the  upper  arm — for  example,  the  extensors  of  the  wrist, 
but  not  the  triceps  or  the  supinator  longus — will  indicate  in  a  general 
way  that  the  injury  is  below  the  musculosptral  groove. 

It  may  be  impossible  without  exploration  to  discriminate  between 
contusions  and  lacerations.  Between  a  partial  and  a  complete  tlivision 
of  fibers  the  diagnosis  is  difficidt.  The  cause  of  the  injury,  the  manner 
of  its  reception,  the  extent  of  complicating  lesions,  the  completeness 
and  suddenness  of  funclional  impairment  must  all  be  taken  into  con- 
stderatif)ri.     In  case  of  dtjubt  0[)eralivL'  exploration  is  indicated. 

Treatment. — In  case  the  nen-e  is  found  to  be  bruised,  even  tliough 
severely,  but  not  divided  or  destroyed,  it  should  not  be  disturbed.  When- 
ever a  nerve  is  found  divided,  it  should  immediately  be  sutured  (see 
Nerve-suture).  [*artial  division  requires  suture  of  the  divided  portions, 
the  undivided  fibers  guiding  and  hastening  the  regenerative  process. 
When  there  is  extensive  loss  of  suhsi.-ince,  the  distance-suture  methods 
arc  required.  Accidental  sections  of  ncn'es  during  operations  should 
be  immediately  repaired.  If  the  accident  is  not  discovered  until  after 
recovery  from  the  anesthetic,  a  secondarj*  suture  is  imperative  as  soon 
as  practicable. 

Motor  fibers  are  sometimes  injured  by  the  avulsion  of  sensory 
nerves.  When  the  infra-orbital  nerve  is  torn  out,  for  example,  the 
motor  filaments  of  the  seventh  to  the  upper  lip  are  often  temporarily 
paralyzed.  Avulsion  of  the  third  division  of  the  fifth  at  the  foramen 
ovale,  or  removal  of  the  Gasserian  ganglion,  usually  involves  the  motor 
filaments  supplying  ihe  muscles  of  mastication. 


OPERATIONS   ON   NERVES. 

Nerve-suture. — All  lesions  of  ner\'es  producing  solution  of  con- 
tinuity require,  sooner  or  later,  suture  of  the  divided  ends,  When 
these  ends  can  ho  closely  approximated,  suture  is  easy  and  satisfactorj* ; 
when  there  has  t>cen  a  loss  of  an  inch  or  more,  devices  are  necessary 
by  which  the  intervening  space  may  be  bridged  over.  Simple  suture 
demands  that  the  nerve-ends  be  brought  into  accurate  apposition  and 
fastened  there.  In  recent  wounds  the  divided  ends  will  (all  into  easy 
contact ;  in  healed  wounds  it  may  lie  necessary  to  stretch  both  distal 
and  proximal  trunks  before  applying  suture. 

Tlie  ends  should  first  be  carefully  trimmed  with  the  knife,  if  neces- 
sary, so  that  they  present  to  each  other  a  clean-cut  surface,  The  ends 
to  be  sutured  may  be  fitted  to  each  other  in  various  ways,  according  to 
the  shape  and  extent  of  the  lesion,  the  ease  of  approximation,  and  other 
considerations  (see  Figs.  425 .  426).     Before  suture  i»  applied  the  divided 
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FlC.  436.^d-<,  V.»nH.'tici  of  nfrve-suluir;  ^ . 
iierve-sT»lliiig  (allci  Willard). 


should  be  blrctdvcd  cnonjjli  to  permit  approximation  without  undue 

tension. 

The  sutures  may  be  placed  directly  through  the  nerve-tnink.  or 

through  the  sheath  only.  If  through 
the  whole  nerve,  only  three  or  four 
sutures  arc  required.  It  has  been  demon- 
strated ihat  no  injury*  is  done  by  trans* 
fixing  the  nerve  (sec  Figs.  425-437). 
The  preferable  way  is  to  bring  the  sheaths 
together  with  numerous  fine  sutures, 
becau.sc  in  this  manner  a  verj*  perfect  and 
slronj^  joint  can  be  made.     In  nerves  as 

FIG.  4«7.-NeTve^«mK.  '^'"g*^  ^"^  '''*-"  '""scruluspind.  ten  or  fifteen 

sutures  may  be  used;  in  smaller  branches, 
two  or  three ;  in  the  smaller  nerves — the  facial  or  the  posterior  inter- 
osseous, for  example — a  single  suture  will  suffice. 

Many  surgeons  prefer  fine  catgut  for  suturing,  using  silk  or  chrom- 
icized  gut  only  wlien  the  tension  is  great.  Fine  silk  is  preferred  by 
the  writer,  because  a  better  approximation  is  possible,  and  the  joint  U 
stronger.  Fine  round  needles  should  be  used  because  they  do  not  cut. 
Larger  and  stronger  suture-material  is  necessary  when  the  nerve  i* 
pierced  and  but  two  or  three  sutures  usetl.  After  completion  of  the 
operation  the  parts  should  be  so  placed  that  the  nerve  is  relaxed  as 
far  as  possible;  for  example,  operations  in  front  of  the  wrist  and  ia 
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front  of  the  elbow  require  flexion;  those  behind  the  wrist  and  behind 
the  elbow,  extension.  Muscular  aponeuroses  and  fascix-  should  not  be 
sutured  over  the  nerve-joint  if  thereby  pressure  is  likely  to  be  caused. 

The  method  of  periphcriil  nerve-reproduction  after  suture  has 
been  beautifully  demonstrated  liy  Vanlair.' 

Vkolair  cut  the  liben  of  the  inttmal  papliienl  nerv«  in  the  doR  at  n{;ht  kOfiles  with  their 
courw ;  then  Hucured,  in  Kime  cases  bnn){in|;  the  RiirfKccs  into  intimate  cvnnecljvn,  hi  others 
cllowtnu  iheo)  to  reouiio  TCptiratcfi  hy  »cvrml  milHmeiera,  and  agxin  in  others  by  a  consiii- 
cmbic  (li%tnncc.  Suhlinwied  silk  unu  used  iu  prirfcrcncc  lo  catgut,  the  latl«r  not  oSering 
sufflcknt  rentstancc  10  wwivt  a  close  lulaniati'^n  of  ih*  s^ments.  In  perfonning  dJUJince 
(Uluie  ihc  [>■.«»  were  wnuccied  by  a  tube  of  Ncuber.  The  kuturex  were  always  passed 
LhrouRh  the  epineural  tissue  lo  avoid  injuring  the  nerve-fibets.  After  periods  vamug  frtiiji 
eijjhl  cnanth<>  to  jcveral  years  the  nerve  wa*  exlirpaicd,  hardened,  and  »lainffl,  after  which 
sections  were  made  cxiendiag  from  Movent  c«ntimeler&  ahor«  [lie  scctiuo  to  the  estretnily  of 


Fic.  428  — Nerve  (rahhitf  fiKty-iiii  t!ny^  after  serlion,  showing  almoil  complete  disaprpear< 
ance  of  tb*  nerve.flbers  Deeply  •naming  portions  are  remains  of  myelin,  not  yci  complct'ly 
disintesraled.  The  nerve  1*  cut  in  cross-seciion  iWeigert.  oc.  4,  im.  ^).  (From  specimen 
aupfdied  by  E.  W.  Taylor.) 

the  nerve.  The  exterrtal  popUleal  nerve  was  preserved  intact  for  purposes  of  comparison. 
The  result  \A  thne  cuprnmcnls  showed  cuncluiively  that  the  mode  u(  Te|Hudaction  coosisis 
m  the  development  of  new  tibers.  commencin);  above  the  seclion,  pushing  lhroiif>h  the  cira- 
trictal  {iuue  at  tha  point  ai  apposition,  and  extending  to  the  extretaity  <k  the  ncr^c.  fhe 
course  of  the  new  hbers  \*  nut  limited  by  the  nerve- sbeatli,  but  sections  nuule  above  th« 
point  of  division  fihow  the  new  nerv«-liber»  puthing  thmugh  niii«ld«  ih«  thcalh.  Sectiona 
taken  at  this  point  show,  scattered  among  Intact  nerve-libers,  ccnain  tubes  conialnitig  each 
perhaps  a  half-dozen  very  nnc  libers,  each  manlfmly  repfe^enling  a  young  axis-cylinder, 
'Hiese  lubea  are  kiiuwn  a4"the  tubes  of  Ranvier:"  1  hey  seem  to  consist  of  a  membrane 
which  is  apparently  an  old  ibrath  of  Schwann,  Ihinned  and  distended,  containing  slender 
rudintCDCary  axia'cyliudeis  cmbeddird  iu  huiuoffL-ueout  pmtuplauit.  These  nidingcntary 
nervc-fiberx  spring,  he  considers,  fritn  old  nxis-cylindrrs  hy  tissiparous  proliferation,  being 
put  forth  as  shouts  from  aboci:  lite  degenerated  segment.  Tbe^  new  hbers  appear  to  be 
capable  themselves  of  further  sulxlivision  and  proliferation,  producing  thus  new  fibers, 
with  the  sarae  power  of  multiplication.  A  cut  7  lo  8  centimeter*  (2.75  to  3,3  inches) 
below  tile  scciion  shows  new  libeis  which  have  BiCi{uired  myelin- sheaths  and  appear  a» 
henlthy  nerves,  rltuugh  Soulier  and  varyittg  more  in  tout  than  the  corre«potuliiig  fibers  lu 
the  '^healthy)  cxtcriial  popliteal  nerve. 

'  Atlai  dtr  patkeiogitckm  fftstofagit  Jtt  \tnfemyttfmr. 
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ThiA  Aullior  ihnwk  nn  e\UttM\y  inMructiTc  CR>U-»ccuon  of  a  bony  drain  used  to  connect 
two  Kemrate  nene-«^infi«s.  Tfiis  preparation  showt  an  Haversian  coiuil  filled  with 
oervc-lioers  in  various  dcgr«ei  of  developnenL 

The  prognosis  in  nerve-suture  is  good  if  there  is  a  satisfactor)* 
approximation  without  too  pr<rat  tension.  Complete  restoration  of 
functibn  docs  not  always  follow,  however,  and  in  some  cases  there  is 
total  failure.  Treatment  should  be  continued  for  many  months,  even 
if  there  is  at  first  little  or  no  improvement.  After  a  few  weeks*  rest 
for  thorough  healing,  the  limb  should  receive  massage,  passive  motion, 
and  electncal  .stimulation. 

It  has  been  asserted  that  union  by  first  intention  after  ncr\*c-suturc 
occasionnlly  takes  place.  Indeed,  one  case  is  reported  in  which  com- 
plete restoration  of  function  took  place  within  the  first  twenty-four 
hours.  Rapid  recoveiy  after  union  of  divided  nerve-ends  suggests  the 
establishment  of  collateral  nei-ve-supply  rather  than  the  immediate 
transmission  of  nerve-force  through  the  recently  approximated  cut 
surfaces.  The  restoration  of  function  takes  place,  probably  in  ail  cases 
(though  with  varying  speeds  through  the  successful  penetration  by 
nerve-cells  an*l  -bundles  of  the  cementing  tissues  between  the  united 
surfaces;  the  more  aseptic,  rapid,  and  complete  the  union,  the  earlier 
and  more  satisfactory  the  restoration.  The  reap|iearance  of  sensation 
takes  place  sooner  than  that  of  motion — a  fact  that  goes  to  show  that 
the  earlier  symptoms  of  functional  recovery  may  be  owing  to  collateral 
innenntion.  which  is  more  easily  established  in  sensory  than  in  motor 
filaments, 

Neuroplasty. — When  the  loss  of  nerve-substance  is  so  great  that 
the  ends  cannot  be  brought  together,  the  intervening  sjwce  may  be 
bridged  either  by  plastic  elongations  of  the  nerve  itself,  or  by  means  of 
catgut,  bone  (decalcified  or  natural),  nerves  taken  from  amputated  limbs, 
or  nerves  from  animals.  The  object  to  be  attained  is  the  supph'ing 
between  the  separated  ends  of  a  medium  Uirotigh  which  the  ner\c-fibcrs 
may  be  guided  from  pro.\imal  to  distal  trunks.  It  is  essential  for  the 
successful  bridging  of  the  gap  that  between  the  divideil  nerve-ends 
some  medium  be  fastened  through  which  nerve-fibers  may  be  guided 
from  proximal  to  distal  trunk.  The  simplest  and  best  is  illustrated  in 
Fig.  426,  ^.  Both  distal  and  proximal  ner\'c-trunks  arc  cut  half  way 
through,  at  a  distance  from  the  divided  end  sufficient,  when  the  nerve  is 
split,  to  close  the  gap.  Fri>m  the  bottom  (if  the  transverse  cut  the 
nerve-fibers  are  sepiirated  kingitiidinally  toward  the  gap.  A  sharp 
knife  is  used,  in  order  that  the  nerve-fibers  may  be  cut  apart  rallier 
than  crushed  apart,  as  they  are  by  .scissors.  The  longitudinal  separa- 
tion should  be  brought  to  within  a  third  or  a  quarter  of  an  inch  of  the 
gap  (Fig.  426,^).  Small  gaps  may  be  filled  by  thus  splitting  one  end; 
larger  ones,  by  splitting  both.  The  elongated  nerves  should  be  joined 
end  to  end  as  in  nerve-suture  (Fig.  ^2(\ g\  By  means  of  this  method 
of  tli.slance-suture  long  gnps  may  he  filled,  \Vlien  dccalctfietl  bone  is 
used,  a  piece  sufficiently  long  is  placed  between  cut  ends  and  fastened 
there.  Nerves  transplanted  from  the  lower  animals  may  be  accur- 
ately adju-stcd  between  the  dixnded  ends  and  sutured.  The  nen-e 
may  be  taken  from  a  freshly  amputated  limb,  or  from  a  dog  or  rabbit 
(Fig.  426,/).     The  results  following  these  methods  are,  on  the  whole. 
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encouraging,  though  often  unsuccessful.  In  one  case  the  separated 
ends  of  the  musculospiral  nerve  were  successfully  approximated  by 
reserliiijj  ;i  [mrtiini  (>(  the  Iiunienis. 

Nerve-grafting. — In  case  it  is  impossible  to  use  any  of  the  fore- 
going devices,  the  cut  nerve  should  hti  grafted  upim  the  nearest  large 
nerve  (Fig.  429).  This  method  can  be  applied  only 
in  the  upper  extremity,  nr  among  plexuses  where 
large  trunks  are  in  close  proximity  to  the  divided 
one.  The  field  for  the  application  is  therefore 
limited.  Moreover,  it  is  rare  that  a  single  nerve 
like  the  ulnar  is  so  extensive})'  destroyed  that 
elongation  methods  are  impossible.  Occasionally, 
however,  it  may  be  found  that  grafting  upon  another 
nerve  is  the  only  exj»edient  practicable.  The  prox- 
imal and  distal  ends  of  the  afifuctcd  ner\'e  are 
trimmed  and  sutured  into  the  adjacent  nerve-trunk, 
the  sheath  of  which  is  first  split  and  dissected 
back  to  receive  them.  The  object  of  this  procedure 
is  to  switch  the  interrupted  nerve-stream  from  the 
proximal  trutik  to  the  selected  nerve,  and  thence 
to  convey  it  through  the  distal  suture  to  its  final 
distribution.  It  has  been  recently  proposed  to  use 
nerve-grafting  to  allay  muscular  >pasm  ;  to  graft 
upon  the  facial  ner^'e,  for  example,  in  facial  spasm, 
fibers  of  the  spinal  accessory. 

The  prognosis  in  nerve-grafting  is  by  no  means  hopeless,  although 
the  results  will  never  equal  those  of  simple  nerve-suture.  Cases  like 
the  following,  communicated  to  nic  by  Roswell  Park,  should  encour^^c 
renewed  attempts  in  suitable  cases : 

"  A  boy  of  tifteen  h«d  rccrtviMl  a  niiixhoi  injury  (wo  yean  pr«viou*ly.  A  charip?  of  snmAX 
Uiiil  had  litiiwn  nvrnr  the-  ?H)fc  |mits  iiu  ihc  ulnar  aide  of  the  right  {vtcami  bcldw  the  clb»w, 
■  r«l  Ihr  ulnar  ncnr  wa»  i)c«fuy«l.  In  lite  course  of  ihc  nesl  monih  contracture  of  fleion 
ucturinl,  Ml  ihiit  the  Iiund  was  dnvti  to  a  h^bt  angle  and  the  fingen  woe  clawed.  Atwut 
ciKhlern  nionlh^  after  injury  the  ulnar  wai  diiietinl  imi  al>uve  ilic  Inner  cnrMlylr  and  grafted 
into  line  median  above  the  elb.iw.  It*  lower  end  was  diM«led  out  iiear  the  jiiiMTlion  .if  the 
upper  and  tniddlr  ihiril-t  i>f  ihe  lutrnm)  and  )>Ta[iei]  inln  the  median  nerve  al  thiii  level. 
Rather  than  divide  all  the  Ilemr  tiriidoiis  In  rrtea«r  ihr  hand,  I  made  an  irKiiiiin  nver  each 
bune  a  litlle  beluw  the  middle  uf  Lbe  fureann  and  rejected  an  iinh  fn>m  the  shaft  of  each. 

"  Speedy  healing  of  all  the  wounds  and  conMilidaiinn  nf  the  bones  occurred  ;  the  tiaml 
wot  in  ifDod  j)i»ilicin.  In  Icii  dajrn  AciiMttoii  be){an  tu  tctuni  tu  ihc  parts  tupfdicd  by  (he 
ulnar  nerve.  bClKhteen  months  later  there  was  almoM  perfect  seuMtion  in  the  %Bme.  The 
buy  wriieft  well  and  does  ever>'ihing  with  lht«  band  that  he  ever  could  do." 

Nerve-stretching  is  an  oiK-riiliim  appliaible  to  spasmtnlic  afTec- 
tions  of  muscles — tu  neuralgiii.s,  tabes,  neuritis,  er^'thronielalgia,  tet- 
anus, leprosy,  perforating  ulcers,  amputation  neuromata.  bone-caI!us 
neuromata,  and,  as  an  alternative  procedure,  to  various  other  conditions. 

Theoretically,  nerve-stretching  may  benefit  by  .separating  adhesions 
between  the  nerve  and  surrounding  exudates  and  by  relieving  com- 
pressions, l>ands.  and  entangling  calluses.  It  may  in  some  unknown 
way  favorably  affect  disturbed  functions,  whether  manifested  in  (Hrriph- 
eral  spasm  or  local  pain.  Stretching  elongates  the  ncr\'e  and.  pre- 
sumably, affects  in  some  way  the  ner\'e-bundlcs,  the  nervc-shcaths,  the 
pritnar>-  trunk,  and  possibly  the  nenx-rooU.     So  far  as  definite  results 


are  obtained  in  the  separation  of  adhesions  and  the  relief  of  sunnund- 
iii^'  exudates,  tile  procedure  is  scientific:  so  far  as  the  results  are 
dejiciident  upon  elongation  per  se,  it  is  purely  empirical.  Recourse 
to  ncrvc-st retelling  in  painful  and  Incurable  aflcctions  of  obscure  etiol- 
ogy and  pathology  is  justifiable  ;  but  its  benefits  are,  to  say  the  least, 
doLtbtful. 

The  nerve  to  be  stretched  is  isolated  in  accordance  ^^ith  anatomical 
principles.  It  i.s  lifted  from  its  place  with  the  fingers  and  stretched  in 
both  directions,  care  being  taken  not  to  break  it.  The  amount  of 
elongation  is  sometimes  considerable.  In  nerves  like  the  ulnar  or 
inusculospiral  an  inch  of  elongation  is  generally  possible,  a  gap  to 
that  extent  being  easily  filled  by  stretching  and  suturing  divided  ends. 

7*he  stretifrth  of  the  larger  nervM  i*  mi  );reat  thai  there  \%  little  dnng^r  of  hrMkine  tli^m 
In  slrtkhing.  AccordirtK  to  Uowlby  (in  Trcvest  the  Kiatic  nene  will  Atand  a  simin  or  loo 
to  160  [KUiindA  ;  tlip  miucula'tpinil,  inediaii,  ami  ulnar,  50  to  80  pniin<1'< ;  other  nmnllrr  ncrm 
will  cArry  a  weiuhl  af  5  (o  lO  pouiiJ*.  Tlie  Ur^rr  nerit.'*  will  tb<rcfoic  bear  a  »lraiu  fully 
Ail  great  a.4  t«n  bi"  easily  given  ihrin  wiih  llie  liiigcr*.  The  iinih  nn  he  Itftr*!  frum  the  lahlir, 
for  in«lancc,  by  the  iciatic,  when  the  patient  is  on  his  face.  In  exerting  traction  ihe  brrak* 
ing  Kintin  shouKI  btr  Ijoriic  in  ininO,  c^peciiilly  in  tti«  ca-v:  nf  11  ntrrve  w  impnrUini  a«  Ibe 
facial.  The  5trenj[(b  of  cadaveric  nerves  is  doubllets  lc*s  than  durine  life.  Moreorer, 
diienwd  nervei  arc  often  mure  friable  than  healthy  ones,  neuralfipc  trifacial  Irunkft  esptvially. 

Sircichinji  of  large  nerves  like  the  sciaiic  may  cause  serious  lesions  in  the  cord,  tfaongb 
in  nunierona  cvpenmcnts  upon  the  cadaver  it  has  been  found  by  the  writer  iDiposBiblc  to 
exert  any  traeiian  upon  the  card  tiy  a  strain  sufficient  to  break  the  sciatic.  Stretching  of  the 
trifacial  miiik»,  even  lo  complete  avulMon,  has  never  given  ri»e  to  any  inlracraoial  qnaptoimL 

An  occasional  result  after  nerve-stretching  is  temporary  motor 
paralysis.     This  is  seen  in  stretching  of  the  facial  nerve  for  spasm. 

Nenrotomy,  neurectomy,  and  avulsion  are  performed  to  de- 
stroy entirely  the  functions  of  motor  and  sensory  nerves.  Simple 
division  is  stiPFicient  to  produce  a  muscular  paralysis,  which  will  be  per- 
manent iniless  there  is  spontaneous  regeneration  of  the  divided  trunk, 
a  result  never  to  be  expected  in  motor  {)araly.sis,  or,  unless  the  affected 
muscle  has,  like  the  .sternocleidomastoid  and  the  trapezius,  a  motor 
nerve-supply  other  than  that  of  the  spinal  accessory.  In  neuralgias 
when,  on  the  other  hand,  there  is  every  reason  to  hope  for  a  perma- 
nent sensory  paralysis  after  neurotomy,  there  will  be  in  practically  all 
cases  an  early  return  of  pain.  Simple  neurotomy  is,  therefore,  not 
indicated  in  neuralgias,  but  rather  neurectomy,  or,  still  better,  avulsion 
of  the  whole  trunk.  In  some  instances  permanent  relief  will  be  found 
only  after  destruction  of  the  sensory  roots  themselves.  In  neurotomy 
the  nerve  is  exposed  and  divided;  in  neurectomy  an  inch  or  more  is 
removed ;  in  avulsion  the  nerve  is  grasped  with  hemostatic  forceps 
and  wound  upon  the  forceps  so  as  to  separate  it  from  its  central  and 
from  its  peripheral  attachments.  If  the  nerve  is  grasped  too  strongly 
by  the  forceps  it  is  crushetl,  and  only  that  jjortion  grasped  is  removed. 
In  neuralgia  the  nerx'e  is  often  so  friable  that  but  a  small  extent  is 
destroyed  by  avulsion  (see  Neuralgia). 

NEURALGIA, 

Neuralgias,  the  most  common  and  the  most  distressing  of  ncrve- 
affcctions,  demand  more  frequently  than  all  others  the  attention  of  the 
surgeon.     The  surgical  measures  at  his  command  are  nerve -stretch  ing. 
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nerve-cutting,  ncrvc-cxcisions,  ncrvc-avulsions,  destruction  of  ganglia, 
and  division  of  scnsorj*  roots.  The  cfficucy  of  these  measures  is 
usually  in  jirnportion  to  their  thoroughness  and  to  proximity  to  llw 
cerebrospinal  axis. 

Surgical  treatment  is  indicated  when  the  palliative  treatment  of  the 
physician  and  the  neurologist  has  failed,  or  when,  in  cases  of  trifacial 
neuralgia  supposed  to  be  dependent  upon  diseases  of  the  teeth,  dentistry 
offers  no  relief. 

In  trifacial  neuralgias,  which  are  by  far  llic  most  common  and  severe, 
destruction  of  the  aflected  branches  as  complete  as  possible  is  indicated, 
for  milder  measures  are  of  little  avail.  In  neuralgias  of  the  mixed 
nerves,  to  save  their  motor  functions,  stretching  is  fir>t  advisable.  The 
frequent  and  persistent  neuralgias  of  the  sciatic,  for  example,  justify  a 
procedure  of , even  such  doubtful  efficacy  as  nerve-stretching.  So  severe 
are  some  of  these  ncuralgia.'i,  however,  that  the  most  extensive  and 
destructive  oi>erations  are  demanded;  such,  for  example,  as  amputa- 
tion of  a  whole  extremity,  or  division  of  the  posterior  nerve-roots 
within  the  spinal  canal. 

Neurectomies  in  Trifacial  Neural^a. — The  efficiency  of  neu- 
rectomies in  trifacial  neuralgias  is  well  established.  Unfortunately  the 
relief  following  this  operation  is  but  temporary*.  Avulsion  of  the  main 
divisions  at  their  foramina  of  exit  gives,  as  a  rule,  but  two  years'  im- 
munity from  pain.  Destruction  of  the  offending  filament — the  inferior 
dental  or  the  infra-orbital — gives  about  the  same  period  of  relief  It 
is  only  when  the  Gasseriaii  ganglion  is  totally  destroyed  that  relief 
becomes  permanent,  and  the  permanence  of  even  thi-s  relief  is  not  fully 
established. 

In  some  instances,  however,  avulsion  of  the  smaller  nerve,  to  which 
the  pain  is  confined,  effects  a  permanent  cure.  It  seems  the  best  plan, 
therefore,  to  attack  the  external  ncr\'cs  first  affected — the  supra- orbital, 
the  infra-orbital,  the  mental,  the  buccal — in  the  hope  of  at  least  two 
years'  relief.  Renewed  pain  may  then  be  relieved  by  deeper  operations 
— upon  the  inferior  dental  b)'  trephining  the  jaw  or  by  intrabuccal  dis- 
section; upon  the  gustatory  within  the  mouth;  upon  the  infra-orbital 
by  raising  the  eye  and  breaking  into  the  infra-orbital  canal,  and  by  tlie 
destruction  of  Meckel's  ganglion  by  Carnochan's  operation.  Recur- 
rence after  these  operations  may  then  be  followed  byjateral  dissection 
through  the  temporal  and  sphenomaxillary  fossa  afier  resection  of  the 
zygoma  an^^  destruction  of  the  third  division  at  the  foramen  ovale,  and 
the  second  at  the  foramen  rotundum.  Finally,  in  obstinate  and  un- 
controllable pain  the  Gasscrian  ganglion  may  be  removed. 

The  gradual  approach  to  this  formidable  operation  thus  outlined 
gives  the  patient  an  almost  certain  immunity  of  four  or  five  years,  and 
this  with  great  safety,  and  with  the  chance  of  much  longer  immunity 
or  even  a  permanent  cure.  The  danger  in  the  peripheral  operation  is 
trivial,  the  disfigurement  slight.  I'urthermore,  the  period  of  immunity 
after  so  mild  a  procedure  as  avulsion  of  the  infra-orbital  or  the  inferior 
dental  is  quite  as  long  as  that  after  avulsion  o(  the  second  and  third 
divisions.  These  peripheral  operations,  therefore,  are  not  to  be  at  once 
abandoned  in  favor  of  dangerous  and  disfiguring  methods,  but  are 
rather  to  precede  them. 
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NeiiralKias  limitH  to  the  rorchend  reqnire  avulsion   ol   the  ftupnt-orWtAl  And 

fronts!  Uram'he*  of  the  nij-lillinlrtiic  Jivmon.  The  iiupni  ntliii;\l  iictM:  niav  !>(.-  iM>liitf(l  :ii 
ibt;  aupra-orbital  nulch  or  foramen,  (he  Cronul  u  little  to  its  itiiifr  «i<Ir.  The  nctvc  »liuwUl 
l>e  graipcd  fimily  with  onliiian  hetnc-iuitic  foTCcp*  ntid  ivriMod  out  in  both  Oireclions.  Afta 
the  avuUioB  nf  thi*  and  of  other  innnchca  of  Ihc  trifacial  there  maybe  extensive  eccbftnoMs. 

The-  Infra-orbltal  nuy  be  iM)liite<l  arwl  avul»vd  at  it-i  emrrjjeiice  frcnn  the  infra-ortttkl 
rotamui  or  Ji  am  poitii  in  its  course  uudcr  the  arbtu  To  cxpo»c  the  nerve  ju  it  ciocr|;«  tmo) 
the  infra-orliital  foramen  an  incision  ^houlrl  be  mnde  over  the  fonunen  downward  and  <kU- 
wanl,  iu  the  <Urec[ioii  <•(  the  very  coiif-laul  ami  deep  wrinkle,  or  parallel  m  it.  Thii  liit 
innkrs  nn  altnosi  inviiihle  scnr.  Thu  ii<:rvc  n  iMtlatcn  with  ihe  blunt  ilissci'Uir  and  lifieil  by 
one  of  the  iierie  huuk&  ('''g'^  43^-435>  43^)-  1^^  expow  the  infra  oTbilal  canal  within  ibe 
orbii,  an  incision  is  made  n  Ion);  the  lower  edge  of  the  bony  orbit,  [lamlld  to  the  fiben  vi  Ibc 
urbivutartN  pal[»;bniru»i  uiul  llirouijli  nil  iIk;  ti&MC'<  to  the  otbitnl  (xl.  rbe  eye  i>  cuHully 
liHcd  by  meaii^  of  a  spoon -shaped  »|Hi(ula  :  the  ihin-wallcd  Laiinl  is  btoken  open  aod  llic 
ner»e  dc*irDycd.  In  *nme  instances  it  i\  nfti  impowible  lo  isolate  the  nerve  before  it  emeu 
the  infra -orbi(a,l  canal  in  ibc  iiphenoiuaxiUary  lus>ia.  C-arc  must  be  laiicD  nut  lo  injure  tbc 
infra-orhilal  artery,  for  in  one  i:a*e  at  leau  death  ha^  followed  thiti  accident.  Avtiluon  a( 
the  nerve  wilJ  cftUM^  hciiionhagc  in  spite  of  e^ecy  precaution.  Tbc  bleeding  is,  however, 
onlv  Irtnnfinin-,  ihnugh  it  may  rmise  extensive  ecfhvnin:«e?v. 

The  Infierior  dental  inay  be  fiiiitid  by  IrephininK  the  Inwer  j.-iw  or  by  careful  di*»«t- 
ing  at  Ihe  fiiramen  of  exiU     Trephiiui^  over  the  aaccudii^  niaua  oi  orer  tile  angle  i>  ac- 


Fid.  430. — Interior  denial  and  gustnlory  nervea  expnxcd  inside  the  mouth.  The  lower  jaw  laa 
been  disccted  al  the  symphysis  lo  sivc  a  better  view  of  ihe  relation  between  the  ifiiUalory  nenr. 
Ihe  tongue,  and  the  third  mnlar  tonih  (dis«ecting-room  prepitraiion.  Harvard  Medkai  Scfaoul). 

ooinpSiiihed  after  ?iepaTuli:i^  the  hber*  of  llic  mafvteler.     The  sltin-incisioa  should  b« 
lonul.  the  mft^fclcr  scpamtion  vertical.      In  one  instance  al  least  a  lemparaiy  saliTary  Gsiula 
followed  ibe  vertical  ikin-cuU 

Aviil^on  of  the  inftrier  Jmial.  as  well  a*  of  the  gutliitary,  moy  be  peffornne<H  within 
mouth.  This  rouic  of  itolaiin^  tbc  gustatory  is  e:itrcmely  satisfactory,  aA  U  la  nuv  and 
eflicaciuUK.  The  operaiion  may  be  performwl  under  cucnin.  Operaljon  upon  the  inferiof 
dental  through  ihe  ni<>uth  i^  much  more  difficult.  In  lUe  taller  operation  the  dental  foramrn 
may  he  exposed  by  an  incision  along  the  anterior  and  intcTnal  Iwirder  of  ihc  avending  lamut 
(Fig.  430).     Through  ihi*  inri»ioii  rarefiil  di»«ecIion  bntkwaid  will  bring  into  ca*y  pcnrrp- 


hori^l 
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tinn  the  sharp  spur  of  ihe  (tenUl  fnrnmcB  into  which  (he  ncrrr  and  artery  will  be  found 
rnlcring.  The  i^unlalory  iirrve  (  Fig.  4JO)  in  excused  by  an  iiii:i>i<>n  jiL^t  Ueliiiitl  the  Lant 
molar  moth  Tnc  tict\c  cmcrRinB  fmrn  the  |itrrygriu1s  (ws'trs  dnwnwan),  fnrwmri].  and 
mward.  lit  the  tungue,  Uin^  clu>c  lu  tlie  l«»l  muJui  (i>  it  beiidn  toward  llic  lu]i|>uc.  Il  nuiy 
be  exposed  alwt  in  tbe  floor  of  ihc  tnixtth  }>y  llie  «idc  of  the  tongue.  As  il  may  be  involved 
in  cancer  uf  the  lunijuc.  ill?  guitntury  freijucntly  u-ijuire>  diiri)>i»n. 

'ITic  buccal  nerve  (sensory)  may  be  expu&ecl  by  an  incisinn  thron{;h  the  cheek  in  front 
of  the  coroDoid  prvce>».  The  nerrc  emergen  ju'-t  lieCween  ihli  proceM  and  the  ini^rtion 
o(  ihe  temporal  muscle.  The  auriiulotemtoral  branch  of  the  third  division  is  frequently 
iCTected  alone,  Thi«  ncnr  nccompaniei  ine  temjximl  artrty,  at»d  may  be  found  hy  careful 
diskectton  ai  the  poiitc  where  the  aiter}-  cn>ss»  ilu*  jtygunia. 

In  many  cases  of  trifacial  neuralgia  a  small  branch  of  one  division 
and  a  small  branch  of  another  will  be  affected.  Under  these  circum- 
stances each  small  branch  should  be  avulsetl  I'l  the  jxiin  is  always 
limited  to  these  branches.  Neuralgias  that  shift  from  one  branch  X.Q 
.mother,  probably  indicating  aw  extensive  central  invotvement  with 
widely  separated  and  tran.sitor)'  manifestations,  demand  at  once  the 
destruction  of  the  main  trunks,  or  even  of  the  Gasserian  ganglion  itself. 

These  more  extensive  operations  are  indicated  also  by  the  recur- 
rence of  pain  after  the  peripheral  neurectomies.  In  many  cases,  too, 
the  extent  and  the  persistence  of  the  pain  require  the  major  operation 
as  the  initial  pracodur^;. 

Destruction  of  the  main  trunks  is  now  accomplished  by  dissection 
of  the  sphenoniaxillar}'  fossa  through  the  temporal  region. 

Ucslrucliun  of  Ihc  wcond  divitinn  with  removnl  nf  Meckel's  gan^linn  may  he  accom- 
plishctl  by  Camofhan's  opfration,  first  undertaWen  in  1856.  The  infra-orbital  nerrc  wai  fol- 
lowed back  to  the  ganglit^n  by  Irepbininu  the  nntnim,  and  (be  posterior  walls  of  the  aotnim, 
ihrnu^h  a  V-«hftped  incision  under  the  orbii.  Various  modifications  of  the  op*rft[ion  hare 
been  pmctised,  tne  object  of  all  bein);  to  reach,  with  as  liitic  d isfieurciDCQl  as  possible,  the 
fphen^maxillary  fo«M.  t.tlcke  made  an  incUtnn  starting  from  a  |H^>nl  juM  abore  ihe  exter- 
nal LAHihus  iif  ihe  eye,  passing  backward,  tlien  downward  and  [urvrard.  The  nuuseter  wai 
divided  licinw  ihe  rygnmn.  and  the  rygorna  turniit  bai'k.  In  (1iiii  way  (he  s|ilietMinia3tillary 
fcMi^a  WBi  exposed  and  Ihe  nerve  resected  at  the  fonmien  *ii  exit.  Lessen  cut  the  Temporal 
fascia  and  lumi-d  the  maMcter  hack  with  ihr  ryijnnia.  Nuvbnum  in  18A3  and  Rillrath  in 
1864  reached  ihc  nerve  by  jteiruiminK  l^nj^i'nlieck'x  oMeiipUsiic  rrrvri-rinn  of  the  suiwrior 
iiiaxilta.  Rcyher  hrsi  lied  the  tuiotid  uiid  iheu  peiiWiiied  [^m>«:i)'>  oueruliuu.  Wagner 
ni:iiic  uu  incision  below  the  eye,  and  with  ihe  eye  rniv^l  out  of  it»  bed  lollowcd  tlic  infra- 
orhitul  iitrve  back  to  Uii;  fomioen  ruiutiduin.  i.fcr>lcr  lumcd  batk  a  sccliun  of  the  malar 
bone,  and  in  th&t  way  reached  the  sphcnonuuilliiry  fossa. 

Excisicn  0/  the  thirii  divistcii  of  Ihr  fifth  Htn.^  was  first  perfonned  about  twenty-five  yeor^ 
agti  hy  Pnncoast  of  Philaddphta,  who  mised  a  chcck-ftap  with  its  base  at  the  lygomaf  awed 
through  the  xygtinu.  and  lumrd  it  down  with  the  masseter  muMrle.  The  cc>ronoid  process 
WDv  excises)  ami  iIik  iifiii[>oraI  muscle  turned  up.  Krinieitt'x  uftratiftt  was  sinilar,  out  hi* 
Hup  wa»  turned  downward  from  the  i^p  of  the  lygnma,  and  trie  corrmoid  proce»  upward 
with  the  leiTifinrn!  niusile.  In  iSlJj  ur  1SK8  Sali:et  nvade  a  laiger  flap,  with  its  base  ot  the 
ryeoniu.  The  teTn)xira1  fasirin  niiil  mii^-l''  were  <u;pnmlrd  fnun  iheir  aliiirhiuenls  and  turned 
down  with  the  zygoma.  In  189I  Mixler  cuiiibined  the  twu  uperations  ^-f  neuiectouiy  of  ihv 
second  and  third  divisions  by  exposing  first  one  and  then  the  other  foTamei],  alter  dividing 
the  lempurat  muKle. 

Carnttchan's  Operatloa  may  be  employed  in  &uitabie  cases — ca»cs  in  which  the  pain 
isconlincd  cxclu>ivfly  !■>  the  teoond  division  tnd  its  branches.  A  V-shoped  incision,  wilh 
il>  nprx  downwartl,  is  made  about  %  inch  briow  ihe  infra  urliital  fantmcn.  .'K  shnqi  |>uintcd 
bisli'ury  is  thrust  ihroii-gh  (he  cherk  iiUo  ihe  mouth  fmm  the  apes  of  the  incision,  and 
carriiil  downwaid  ihniu):h  the  check  Iti  a  jwint  niidway  between  the  angle  of  the  mouth 
and  the  center  ni  the  lip.  "Ww  Ilap%  ihm  former]  are  turned,  one  upward,  nnuiber  back- 
ward, and  a  third  fuiward,  expusiti^  the  lnJiiy  anteriot  surrRce  tff  Ihe  superioi  inaxitla.  An 
opening,  wilh  it*  center  a  little  below  the  infn  nrintal  foronten,  and  fnjm  14  to  %  of  an  inch 
in  diameter,  i»  Ihcn  lunde  in  Ihc  anterior  wall  with  a  trephine  or  chiMl.  Next,  an  opening 
of  J4  lo  W  of  an  inch  is  made  in  the  poNlrrior  wall,  'nie  groove  of  the  infra-otbilal  iicrve 
is  opened  frwm  the  antrum  and  the  oervr  followed  back  lo  the  foramen  n>tundtini,  where  the 
oecnnd  division  is  divider!  wilh  a  b!um-]>oimed  pair  of  sciuoni.  Tbc  uperaiiuu  i»  unneces- 
sarily dithguring,  yet  in  its  main  points  it  is  still  used 
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In  view  of  the  generally  admitted  necessity  of  thoroughness  in 
operations  upon  trifacial  neuralgias,  and  especially  upon  neuralgias 
intcrnuttcntly  affecting  widely  separated  filaments,  now  of  the  second  ^ 
and  now  of  the  third  di\nsions,  the  more  extensively  destructive  opera- 
tions seem  to  grow  in  favor.  Exposure  of  the  sphenomaxillary  fossa 
in  avulsion  of  the  third  division  by  Lossen's  operation  was  followed  by 
Mixter'«  operation  of  avulsing  both  second  and  third  divisions  through 
the  same  incision.  This  operation,  as  understood  and  performed  by  the 
author,  is  as  follows ; 

The  principal  iinnlniiiicat  fi-ftliirc  in  this  QpcmtlcMi  cniisist.t  in  llit?  ex{XHurc  uf  (tie  fofs* ' 
men  ruiiiDdiim  and  ihc  foramen  ovale  by  section  or  displftcemeat  of  the  Irmporal  nuDcle. 
Tlic  tint  ^tep  cull»i^t»  in  tW  dcpicssion  of  the  i^ygoma.     A  curved  incision  with  \\>  Imuc  st] 
ihc  lygoma  nnd  its  convrxily  upward  i.i  inaJv  ftum  the  exlernal  niarsiti  of  the  orbit  lo  the 
lobe  wf  llic  eur.     The  end*  uf  ibc  cui   muiil  go  ^  inth   below  the  /yit'^ntu.      Tlie  lygufna 
itHlf  \^  (hetisnwcd  in  fn>nl  nnd   bcliind.  the  cut>  being  Klitihtly  leveled  froni  without  tii 
ward,  uiul  care  hiding  ukcn  to  avoid  opening  the  articulntion  uf  ihc  Irtwer  jaw.      To  pennil 
sacjsraclot)'   [eplnccmcnl,  the  fat  nnd  I'nKU   ntUched  (u  the  zygoma  are  dcpreswd  with  tL 
llie  zj^oma,  with  the  maiseter  and  other  attachments,  is  now  pulled  downward,  the  toiH- 
porat   t]iuM:le  being  thus  exposed.      If   the  operaloi  is  skilled  enough    in  the  subsequaiCl 
mantpulatiuTtH,  he  may  omit  the  rutting  of  the  ieni|ioral  musrie.      Should  he  retpiire  a  R^x*^] 
deal  of  room,  he  may  divide  the  muscle  transversely  and  follaw  the  bone  directly  to  tbefon-j 
mina,  being  guideil  entirely  by  ihe  .sens«  nf  touch.     The  most  desirable  methnd,  because  ihtt ' 
lea-it  dettrui'tive  and  the  least  disti^urin);,  is  that  of  leavinf;  everything  intact  after  cuttitij;  the 
>yi{uina,  and  [nvcccding  lu  the  second  division  in  frunt  of  the  teuipural  muscle,  ■«!  then  to  the 
third  behind  that  muscle.     The  Kiiide  to  the  fnratneti  roitindum  and  the  vcond  dirision  it  % 
Spur  uf  Ihc  ^eat  wiiiguf  t]ic  »phcuuid ;  lu  tibe  fumiu en  ovale,  the  baw  of  tlie  p(ery]{u<id 


Fig.  431.— Retractor  for  deep  operaiioos  on  cb«  Moocul  and  Ibird  diviuoni.  fitlh  nerre. 

process  of  lh«  iphenoid.  To  approach  the  fnninien  rolundum,  the  ts^vM  is  pulled  down- 
wurd,  the  lemporal  muwle  backward.  KclmcCors  of  .i])ena1  (-nn^iniclion  aid  in  ei^Mog 
Ihc  deep  parts  \y\a.  431).  The  mo«l  desirable  attributes  of  the  te(ntctor»  are  Mi^ci 
depth,  breadth,  and  EjnDothness,  lu  give  a  clear  view  triihout  laceniing  veins.  The 
00  the  icrcai  wing  of  the  sphenoid  is  qtiickly  exposed.  If  pr<>miiienl  ana  in  the  way,  it  inajr 
be  chi>ellcd  vfT.  care  bciii)*  taken  tiol  to  open  the  middle  foua.  By  this  time  the  anieriuf 
field  will  be  so  bliiodj'  that  it  intirt  be  packed  with  gaute.  The  retnctora  are  tfaereforv: 
shifted  to  the  fi«Id  behind  the  temporal  muscle.  The  chief  points  about  the  foramen 
are  (i)  that  it  is  situated  nt  the  baie  uf  the  pterygoid  pror«c$  and  (3)  that  It  It  aboatl 
IJ^  inches  intcirutl  and  a  little  posterior  to  the  anterior  margin  of  the  posterior  atlacfai 
of  the  JiygnnuL.  The  indrjt  linger  is  workeil  inward  and  slightly  backward,  starting  I 
the  bate  of  the  lygoma,  until  the  base  of  the  pterygoid  processes  it  mcbcd,  where  the 
fbnmeu  cati  be  usually  rrcognized  by  the  sense  nf  touch  (Fig.  433). 

In  prneiralini;  to  the  foramen  ovnie  the  pteryj^id  muscles  may  b«'  disreprded.     Th< 
yield   readily  lu  the  t'lngcrs  or  to  the   rrtraciors  :  they  arc  but   tli||hity  injured,  and  the 
functions  nre  subsequently  unimpaired.     If  the  Temporal  muscle  is  cut,  and  the  ptery^id* ' 
their  nllachmenln  In  tliv  skull  are  extensively  lacerated,  their  impairment,  a^  well  ai  that ' 
the  temporal    muscle  itself,  is  coniiilemble,  and  movements  of  the  jaw  are  often  Urait 
As  soon  as  the  depths  of  the  wound  are  x-isibLc,  after  the  retractors  have  been  carefully 
deeply  placed  with  reference  lo  the  situation  uf  i)ie  foramen,  the  zygoma,  and  the  pteryi, 
bsise,  the  nerre  will  ofien  be  visible.     Should  it  be  slill  ob«cure<),  il«  position  may  be  mn)| 
by  repeated  thrusts  of  the  right  angled  lunik  (Fi|>.   433).  by  careful  searching  with  the 
blnni  diiHectnr,  or  by  following  down  a  motor  llUmeni  from  the  cotnnoid  imiCCD.      Som«  ,\ 
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CTU^t  Up  by  m«n»  of  the  nerv«-hoolt*  i)«*tcU  about  ihc  foramen  ovalf.  ni  (i«inoRstT«l«d 
bf  the  finger  or  ifae  nght-anglFcl  houk.  When  TCco^i/c<l  il  >l»ould  b«  grasped  hy  liefBO- 
Static  or  oth«r  Hiititblc  foKeps  ami  uluwly  avul»«l  in  boili  dtiecikiiu.  The  motor  branches 
or  tbe  UiitJ  divisiuu  ^liuuld.  if  pu»ibl«,  be  avoided.  A«  a  mmrrr  of  faci.  ibcv  air  u*ualU 
destroyed.     Tlie  iwslerior  wound  is  then  pacltcd  vrith  gauze  for  lieniostaM»  while  ihr  aRienoii 


Fia.  436, — Operation  on  ^Mond  diviwon.  fifth  nerve,  in  iphenomaxillary  fossa: 
miiiicle  drawn  bitckwiird. 


Tcnporal 


Siuie  is  being  removed.     As  soon  aa  the  oozing  has  cea.ied  the  reiraining  gauce  i*  removed, 
le   tygoma   is  4litch«d  into  pUce,  nnd  the  wound  doved.     If  ooiing  is  con»iderable.  a 
gaune  wick  may  be  left  from  tweiiiy-fuur  tu  fonv-eighl  houn. 

If  tltc  temporal  tnuKlc  i«  divided,  there  will  be  more  room,  ant]  the  ocrve  will  be  more 
ensiiy  found.  I1  will  be  iiri-'exuiry,  however,  lo  RUlurc  the  muMfle,  and  the  deformity  and 
muKulnr  impairment  will  be  tfrcater. 

The  operation  as  described  above  is  at  times  very  difficult,  chiefly 
on  account  of  venous  hemorrhage.  In  this  operation,  as  in  operations 
upon  the  Gasscriaii  ^unfrlion  wlicii  performed  upon  elderly  patients. 
hemorrhage  from  veins  is  almost  alvvaj-s  unavoidable,  the  veins  being 
cvcr)'where  abundant  iind  thin-walled.  Arterial  hemorrhage  never 
occurs  in  this  0|K:ration.  However  familiar  the  surgeon  may  be  with 
the  anatomy  of  the  parts,  he  will  find  it  extremely  useful  lo  have  a 
skull  at  han<l  for  reference. 

After  even  so  extensive  a  destruction  of  nen-'C-trunks  there  will  often 
be  for  a  day  or  two  complaint  of  (Wlin  in  the  course  of  the  avulscd 
nerve.     This  will  soon  subside,  however,  and  relief  will  be  complete. 

Removal  of  the  Oasserian  Ganglion. — Removal  of  the  Gasscrian 
ganglion  should  not  be  pcrfornied  in  feeble  patients  or  in  those  suffer- 
ing from  serious  diseases,  for  the  danger  of  the  procedure  is  great. 
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Twn  mrrhndt  nrr  ii*^ — ih*1  <^f  Rose  and  ihat  of  KrauK-Hnnley.  Xcn/i  mtt^oJ coa- 
SisU  in  «\posiii[:  ihe  skull  <lcc{t  in  tli«  (cui(x>iul  to>sa  by  ili'^t linking  llir  zygonui  dotmward 
«t  »nd  mirmal  lu  ihr  (onmrn  ovale.  A  lTc]>tiitip  opcninj;  is  nudt,  [hmuixh  which  lh<-  third 
diriMon  is  Collowc^l  to  the  ^(igllun.  Kerooval  of  thegmnglioa  is  ■l:cuDlpli^b^d  piecemeal 
by  tncaiK  tjf  suiuble  instruments.  The  chief  ohjectioni  lo  lhl§  method  are  thai  it  t*  rety 
difBcult  to  see  what  h  being  dont,  that  hemontiage  is  hard  lo  control,  Hnd  that  seriiiui  injury 
may  be  caused  In  invpnrttint  ).tnictiir«. 

The  KT<tMte-Hiirtlfy  niriiiitd  (Fig.  437 1  oiwsLi  in  removal  of  a  [wrtioii  of  the  skull  at 
the  tein)H*raI  fos&a  stifficicntly  large  lo  permit  the  full  recugniitun  and  intelligent  isolation  of 


^'r^- 


Vk..  437.— Disseciion  slmwing  Krautc-HaMley  operation  on  OaM«(i4n  ^anttlion.  The 
brain  oiiJ  dura  m:itLT  arv  stiuwii.  lifted  by  incaiitk  uf  a  B|utuki.  cxpi>&lug  the  ganglion  and  its 
three  divisions  [uusiiig  to  their  rwpcciirc  foramina,. 

the  eanglion  and  its  teehnicalty  perfect  remoTal  without  irvjury  either  (»  the  i-ranial  nnuMS 
or  Ine  motor  iicr»ev  The  npjilicalion  of  lhi»  mcthwl,  a*  )>riic(i«e(l  Vir  the  author,  is 
a.i  follows:  A  curved  incision,  with  its  coovcvity  upward,  i«  made  uIxjtc  the  xyguraa 
of  the  olTciried  Hide.  A  section  of  bone  similar  in  .shape  lo  the  skin-flnp.  though  some- 
what smaller,  is  nest  cut  from  (he  squaiuoos  portion  of  the  lempunil  and  tlie  grcalcr 
wing  of  the  tiphennid.  The  np|ier  convex  portion  of  ihe  bo'ne-cul  must  first  be  made  with  a 
.^aw,  as  in  ImjucHhp  eaixjsurcs  of  Ihc  motoi  areas.  The  bnee  of  the  flap  must  ih«n  be  broken 
by  prying  nnlwanl  and  downward.  Unless  the  basal  attachment  is  comparatively  nartow, 
liie  line  of  frjctun-  will  be  uncertain.  It  niay  breal  at  the  line  desired,  or  it  nioy  otend 
far  inward  towartl  the  liodr  of  the  sphvmiid,  rupturinj^  the  middle  meningeal  artery  or  even 
the  cavernous  «nu*.  It  i»  a  lietter  plan  to  remove  first  a  MnsU  button  with  the  circtdar 
trejjliine,  and  fnmi  this  (ineniiig  to  -teparate  carefully  the  dura  aitd  enlarge  suflicieutly  with 
the  rongeur  fonreps,  The  r»[i*n[  of  t»one  to  lir  rcmoretl  wil[  vary  wrtli  the  difliitiUirs  of 
stlisfaclory  inspection,  ihe  amount  uf  heinunhagc,  and  the  displaccability  of  the  middle 
lobe.  The  base  of  the  opening  thnuld  in  moM  ntsr*-  extend  from  a  point  ju<l  alwive  the 
•Xtemal  audbtoty  nxatUN  lotlic  lip  of  tlie  loser  spbenoidal  wiiii;.  The  mallet  and  ^otiiie 
should  never  be  used  eithei  in  making  tlie  trephine  opening  or  in  making  a  flap,  because 
the  poainding  ncccsNiri  jnr«  the  brain  lo  an  extent  of  which  we  have  no  conception,  and  in 
aome  individuoU  adds  enormouBly  to  the  shock. 
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The  Hum  mnt^r  anA  brain  are  nvxl  scparaterl  fmin  llie  middle  rossa  toward  ih«  dp  of 
the  petrous  boiic.  In  <iiiTne  insUnie*  ttiii>  luuy  bv  accciRipli!ihc<l  uillioui  n|i«nit)u  the  diu* ; 
in  KlIierH  xhv  iliua  will  iiiinvoidubly  lir  lorn  in  all  direcliuii.'>.  Scinnilioii  of  ihe  ilun  my 
be  brotiglil  sbout  by  means  of  the  tingcr,  a  bluni  insinimcni.  or  by  ■  miwII  piece  of  game 
held  ii)  fonrepK  (TilTnny).  Hemorrtiage  is  usually  ^liglll  at  l1iU  »tnge  uf  (he  oprratum, 
unless  ihe  middle  meningeal  aOery  is  cut.  Injury  to  the  artery  in  Risking  ihe  trephine  but- 
ton ciin  with  i-nrc  be  avoided.  (.kcaKionally.  liowevor.  the  nrtery  i*  deeply  placed  in  its 
long  groove  ori*  completely  covered  by  bone.  L'nder  these  circumstaitcc*,  bj-  no  anooni 
of  skill  or  C^ra  can  injury  lo  the  artery  be  a*oided.  Under  foue  citiniin>Lant.c*  lifting  the 
dura  will  tear  the  arlery  ;  its  pcniijjiri  in  its  groove  will  prevent  liK<t<>on.  When  the  anery 
has  been  cut.  it  should  be  tied  a&  near  the  foramen  »pino>uiii  a^  po>4Jble.  brief  app]i<;aiion 
of  hemoslatir  fnrrrpt  with  Mirh  a  lacerul  curve  that  ihey  can  i>emadc  to  gra»p  the  cut  end 
in  the  dura  will  usually  check  pennanently  thi*  arterial  hemoTrhage.  When  the  artery  ha» 
been  divided  in  its  deep  groove  nr  the  abiionnal  bouy  fonimeii  just  mentioned,  bleeding 
may  be  checlted  by  l!ie  use  of  large  und  powerful  hem«itaiic  (orcept,  between  the  btadct 
of  which  the  artery  may  be  crashed  againat  the  bone. 

The  chief  source  of  hetnorrhage  in  this  opcniiion,  however,  b  in  the  deeper  di^sectiont 
— from  the  niniisc^  of  the  dura  mater.  Tbi«  hcmorrlmge,  at  limes  ekCesMvc.  uuforlunatdy 
cannot  be  avoided,  no  mailer  what  the  nmouni  of  skill  and.  experience  or  wbai  the  method 
of  operating.  In  some  cases  the  (low  of  blood  will  be  «>  great  that  further  manipulation* 
will  lie  inipoiuible,  and  the  o|>eration  will  require  two  stages.  A  general  oore  nu;  be 
chrckrd  with  gnuie.  An  open  tiinuK,  comprei«ed  with  ihe  fingers  for  a  few  ininuleis  wilt 
uiuiilly  cease  bleeding.  Ilemnrrhage  may  be  so  abundant  and  persiMenl,  however,  as  to 
rc<]iiite  prolonged  game  packing,  or  even  ligalion  of  the  external  carotid. 

If  Ihe  dura  cannot  be  easily  separaled  frum  tlie  middle  fo&sa.  if  it  is  culenaively  torn  and 
the  brain  eipoied.  ftirthrr  atlempK  at  Nt-iwraliiin  '^Irnuld  Ik*  abandoned.  Intradural  mani|ni- 
laliunv,  Ihvugh  perhaps  more  dangenju^  than  extradural,  have  the  advanloffe  of  being  intellt- 
genlly  directed  wiili  reference  in  (tie  chief  dangen  "(  the  operation — wounuing  of  the  cnvrm- 
otih  sinus,  laceration  of  the  brain,  and  wounding  of  tiiotor  nerves  to  the  eye.  Moreover,  by 
this  method  the  nerve-routs  entering  Ihe  gangiiuti  itiay  be  divided  between  it  and  the  y.^ni^ 
»s  Horsley  has  demonstrated. 

As  soon  as  hemorrhage,  if  any  i*  present,  has  ceased,  the  dura  mater  sJiould  be  carefully 
lifted  from  the  middle  fossa  by  means  of  a  hrond.  curved  spatula  or  by  the  fingerriof  an  osiiitt. 
ant  In  the  subdural  oper,icion  the  tc^nglion  may  b<  itaned  from  its  bed  by  cutting  and  lift- 
ing (he  second  end  third  divisianH  ai  Ihey  enter  their  respective  foramina.  Ferbap:i  the  most 
tificieni  plan  is  to  divide  the  ^lird  bntnch  close  lo  tlie  fonimcn  ovale,  the  second  at  the  (or 
amen  rotundum,  to  diMeci  the  two  haclcward,  ««])araiing  ihem  from  their  attachments.  The 
ophtbalnic  ncnre  may  then  be  sepnraled  from  its  contiguous  structures  and  cut  at  the  aphr- 
niiidal  fuksure.  This  Tiiamltnii  inii.it  lie  made  with  extreme  nicely,  to  avoid  injttriog  the 
carenious  sinus  and  the  motor  nerves  of  the  eye.  The  advisability  of  removing  the  oph- 
thalmic diviMon  is  (pieslionctt  an  account  of  the  trophic  changes  likely  to  follow  in  the  eye, 
and  becnuse  the  first  division  is  never  afTcelcd  alone,  rhotigh  it  may  he  involved  neUeily.' 

The  mi>loi  root  of  the  hflh  division  should  be  left  intact  if  this  can  possiblv  be  accom- 
plished. The  distal  attachments  of  the  ganglion  having  been  sepamiM  and  ttie  ganglion 
lifted  from  its  bed,  the  conncclioD  with  the  brain  should  be  severed  close  to  the  dura  mater. 
tf  the  <luru  tnaler  has  been  opened,  the  sensory  filaments  L-onnecting  the  ganglion  with  the 
pons  may  be  divided.  If  there  is  ooiiog  after  reasonable  delay  in  packing  in  (be  depth  of 
ibe  operative  field,  a  small  gautc  wick  should  be  Irfl  for  twenty-four  or  tortycight  hours. 
Tn  some  instances  there  will  be  so  much  hemorrfaage  that  the  depths  of  the  wound  will 
reijuiic  puirking. 

The  surgeon  who  proposes  to  perform  this  operation  upon  the  living  should  pructite  il 
upon  the  cadaver  until  be  can  ex|>o>e  and  remove  (be  Gasscriait  ganglion  without  wonndiiq; 
the  artery,  the  cavernous  sinus,  or  the  nerves  supptying  the  eye. 

Harvey  Cushirtg  has  de«cribcd  a  modili cation  of  the  Kmuse  Hartley  tncthoil  in  whick 
•  he  manipulations  arc  carried  out  in  ihc  arch  beneath  ihc  middle  meningeal  artery.  Th* 
cMcnlial  poini  in  Cushing's  roeihod  i«  the  mAnner  of  finding  Ihe  ganglion.  Tlie  dura  mater 
is  segmraied  back  to  the  foramen  rotunduin  anil  the  fnnimen  ovale.  Tlie  ganglion  lies  W- 
iwecn  two  lflyer^  nf  the  rlnra  mater,  and  is  exposed  by  the  incision  into  this  dural  compart- 
menL  The  senxiry  root  is  then  a\-ul>ecl,  ami  the  three  branches  cut  as  thtry  pan  into  tbeif 
re*pectivc  fornmina. 

The  irnmediale  dangers  of  ilie  operation  ari»e  from  hemonfiagv  and  «hnck ;  rvmole 
dangers  arc  mcDingitis  and  stiperlicial  abscess.  A  disoifreeable,  but  unavoidable  feature 
is  the  liophic  change  liable  Co  occur  in  the  eye  of  the  afTecled  side,  with  loss  of  si|^t 

As  a  relief  from  the  distressing  pain  of  a  trifacial  neuralgia,  this 
operation  gives  better  nnd  more  lasting  results  tli.in  any  other.    Because 
■  Tiffiiny,  AmHais  a/  Siirgny,  1896.  vol.  sxIt.,  p.  5S4. 
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of  its  dangers  and  disadvantages,  however,  it  is  justly  characterized  as 
thi:  "opfration  of  last  resort."  According  to  Tiffany'  the  mortality 
Wiis  34  in  108  cases — 22  per  cent, — the  chief  causes  of  death  being 
shock  (8  cases)  and  sepsis  (8  cases).  "  Relief  of  iwin  certainly  follows 
temporarily,  and  sometimes  permanently ;  but  it  may  recur  "  (Tiffany). 
Netiralgias  aflfecting  tuc  brachial  plexus  or  its  branches  occa- 
sionally cause  obstinate  and  unbearable  pain,  i\\\  ascending  neuritis 
starting  in  a  peripheriil  branch  and  finally  involving  tlje  brachial  plexus 
may  have  required  successively  stretching  or  avulsion  of  the  branch 
originally  affected,  stretching  of  the  br.ichial  plexus,  amputation  of  the 
hand,  of  the  forearm,  of  the  upper  arm,  or  even  of  the  arm  at  the  shoul- 
der. According  to  Abbe,^  such  neuralgias  may  accompany  ascending 
neuritis,  heniipiegia,  herpes  zoster,  and  allied  conditions,  as  well  as  car- 
cinoma. They  may  start  in  the  bulbous  ends  of  ner\'es  or  in  amputa- 
tion >lumps.  Kvcn  the  most  drastic  measures  tiftcn  fail.  As  a  last 
resort  the  posterior  ncrvc-rooLs  oiay  be  divided  within  the  spinal  dura. 

Abbe's  *  method  of  dividing  the  posterior  nerve-roots  i»  a»  follom:  "Tbe 

re|;iun  from  wliith  the  affrclcd  ncncsinakc  llicir  cxil  {rom  the  cord  having  been  delermiiml, 
A  long  inci%j(in  \s,  made  on  one  side  of  tli*  spinous  proccs»ea,  the  tncuion  bcin);  cnnii^ 
capidly  duwn  to  the  lamina;.  The  apinuus  processes  ate  ncil  cul  (hraiiBh  at  Ihcir  bsbc  wiUi 
hnynnrt  shopcd  cuitinK  iiliers,  leaving  the  intcrsninotia  ligament  intact.  These  procexse*, 
with  the  muMiIci  airacfictl,  are  r<-lracti;>)  ucll  V^  ihe  other  nide.  The  lamiutt  are  then 
|i;nawei1  uimv  wilh  miigeur  furL-eps  rrnin  the  transverse  pvoceues  to  the  ha.%e  of  (he  t-pinouit 
protests,  'rhc  dura  is  cxpo-mi  aiifi  opened  the  full  length  of  ihc  incision,  allowing  about 
3  or  3  dniP3»  of  cerRlmiftpinal  fluid  to  eitcape.  The  cord  is  then  pulled  Ki  the  Mdr  of 
the  canal,  and  the  tt>oi«  picked  itp  tiy  a  blunt  hfiok.  From  V  lu  %  inch  of  nenre  is  excited. 
The  dun  i>  lutured  with  line  cntgul.  and  the  mutclea  allowed  10  fall  back  into  place" 
Keen  adk-tses  de^trurtion  of  the  g»ng1ion  alici. 

Neuralgia  of  the  I,ower  Bxtremity. — Painful  affections  of  the 
lower  extremity  may  be  treated  like  those  of  the  upper.  In  the  event 
of  failure  the  distressing  symptoms  may  require  division  of  the  pos- 
terior nerve-roots  in  the  lumbar  or  the  sacral  portion  of  the  cord. 

Neuralgias  dependent  upon  injury,  upon  the  contraction  of  cicatri- 
cial ttssue.s,  upon  entanglement  in  new  growths,  may  affect  any  sen.sory 
nerve.  The  surgical  treatment  is  the  same  as  that  already  outlined — 
disentanglement  from  the  exciting  cause  by  stretching,  neurectomy, 
removal  of  the  tumor  or  of  the  cicatrix. 

Neuralgias  involving  nerves  or  groups  of  nerves  other  than  those 
considered  above  are  met  with  occasionally.  The  same  principles  of 
treatment  apply  (see  Special  Nerves). 


MUSCULAR  SPASM. 

The  surgical  treatment  of  muscular  spasm  is  chiefly  that  of  Spas- 
modic wry-neck.  The  etiology  o{  this  obscure  affection  is  so  uncer- 
tain that  treatment,  in  the  absence  of  definite  indications,  must  be 
symptomatic.  Spasmodic  wrj'-ncck  demands  surgical  intervention 
only  when  all  rational  palliative  methods,  such  a.<;  rest,  fixation,  mas- 
sage, gj'mnastics,  electricity,  and   drugs,   have  failed.      The   results 

'  Attnab  of  Surx^n;  T&96,  vol.  xxIy.,  p.  58$. 
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of  operation  upon  the  spinal  accessory  nerve,  of  neurotomy  and  neu- 
rectomy, of  nerve-stretching  and  nerve-avulsion,  are  on  the  whole 
encouraging — the  more  destructive  the  operation,  the  more  lasting  the 
benefit.  Unfortunately,  the  immediate  quieting  of  the  stemomastoid 
and  the  trapezius — the  muscles  chiefly  affected — is  followed  in  many 
cases,  sooner  or  later,  by  spasmodic  contractions  of  other  muscles  of 
the  neck,  usually  the  posterior  rotators  of  the  head  on  the  opposite  side. 
In  the  majority  of  cases,  therefore,  operation  upon  the  spinal  accessory 
nerve  must  be  followed  by  operation  upon  the  nerves  supplying  these 
muscles — in  not  a  few  cases  neurectomy  being  associated  with  division 
of  the  muscles  themselves. 

In  the  simplest  form  of  spasmodic  wry-neck  the  head  is  tilted  for- 
ward and  rotated  by  the  stemomastoid.  In  the  common  extension  of 
spasm  to  the  posterior  rotators  of  the  other  side  previously  mentioned, 
rotation  occurs  in  the  same  direction,  but  the  head  is  drawn  back  rather 
than  tilted  forward,  through  the  greater  power  of  the  posterior  rotators. 
which  are  also  retractors.  In  exceptional  cases  the  head  is  drawn 
directly  backward  by  the  posterior  muscles  of  both  sides  acting  simul- 
taneously irctrocoUis).  In  a  still  rarer  form  the  head  is  drawn  directly 
forward  by  the  combined  action  of  the  two  stern omastoids.  An  occa- 
sional instance  is  seen  of  combined  action  of  the  stemomastoid  of  one 
side  with  the  posterior  rotators  of  the  same  side,  the  head  being  in  this 
event  drawn  directly  toward  the  shoulder.  In  many  cases  the  spasm 
can  be  controlled  by  continuous  effort ;  in  others  it  is  beyond  control. 
The  spasm  may  recur  constantly  and  violently  or  infrequently  and 
mildly.  Though  palliative  treatment  may  afford  relief,  many  cases 
yield  only  to  operation.  (For  the  etiology,  the  symptomatology,  and 
the  medical  treatment,  the  reader  is  referred  to  works  upon  Neurology.) 
The  muscles  affected  can  be  determined  by  the  position  of  the  head  and 
by  palpation  during  the  spasm.  The  stemomastoid  and  the  trapezius 
will  be  seen  in  spasmodic  action  of  varying  frequence  and  violence. 

Operations  on  the  Spinal  Accessory  Nerve. — The  spinal  accessory  nerve  can 
be  exposed  btsl  at  the  point  at  which  it  crosses  the  upper  part  of  the  neck  before  enter- 
ing the  sternomasloid.  It  proceeds  downward  and  outward  from  the  jugular  foramen, 
and  lirst  touches  the  anterior  border  of  the  stemomastoid  at  a  point  about  J^  inch  ot 
more  from  ihc  tip  of  the  mastoid  process.  An  incision  from  I  to  2  inches  in  leDgtb 
should  be  made  alon^  the  upper  part  of  the  anterior  border  of  the  stemomastoid.  The 
1  dissection  is  carried  ilirecllv  l>ackward  toward  the  vertebral   bo<lies.      The  ncn-e  lies  more 

or  icss  concealed  in  fascia,   but    can    usually  be    seen  if  the  dissection  is  bloodless.      Its 
po^iiion    mav  be    felt    by  drawing  the  end  of  a  scalpel  handle  or  the    finger-nail  down- 
\  ward  and   forward  over  its  probable  position.      As  the  inslriinienl  or  the  nail  snaps  over 

'\  the  nerve  the  sternomaMoid  and  trapezius  will  contract.      Once  isolated,  it  may  be  stretched 

or  divided,  resected  or  avulsed.  The  most  satisfactory  method  is  to  remove  at  least  an 
inch  of  it.  The  wound  heals  rapidly,  and  the  immediate  effect  of  the  operation  is  gener- 
ally favorable. 

In  many  cases  the  spasm  is  not  completely  relieved,  though  the 

stemomastoid  and  trapezius  are  at  once  relaxed.     As  an  accessory  aid 

the  head  may  be  immobilized  for  a  few  days  after  the  operation.     In 

many  cases,  however,  the  spasm  appears  in  other  groups  of  muscles, 

;  usually  the  posterior  rotators  of  the  other  side. 

Of  the  operations  upon  the  posterior  rotators,  Keen's  oper- 
li  ation,'   based  entirely   upon  anatomical  lines,  seems  to  be  the  mo.st 

satisfactory.     The  following  description  is  taken  from  Keen's  article : 

'  Annals  of  Surgtrv,  1891,  vol.  xiii.,  p.  44. 


Tfec  fini  step  in  the  opention  cormmk  in  a  j-jnch  incision  acims  the  Deck.  sUrting  from 
dW  netlian  liiif.  »t  a  Icvrl  ^  inch  ticlnw  thr  lobr  uf  the  ear.  'Iliis  inciuon  is  cvried 
ihrm^tb  clic  inpcjtius  and  posicrior  bonier  of  the  splenjuii  capiti«.  The  trapeeiu*  is  thro 
iliucvlml  free  frum  the  ctimtilcxus.  aUivr  niid  brlow,  until  the  iTitmiDusL-ulir  aponeniosiB, 
usually  i4  't^^''  below  the  incision,  is  found.  The  occipiuJi«  ma)or  i*  u.^unlly  found 
belwcim  liii»  aponi?uro»is  snd  ibc  aicdian  line.  The  camplexus  is  nuw  divided,  fallow- 
ine  the  occipitalis  carefully  as  a  {[uide.  This  nerve  is  freed  lo  its  origin  frrttti  (he  second 
cervical  nerve.  A  section  of  the  inrnk  of  tlic  portcrior  division  of  the  second  cervical 
nerve,  between  the  ncciuiialis  major  and  the  ^pine,  i^  rrnnuvrtl  in  onlerKi  mrh  the  hlamenl 
from  lht«  reeion  to  the  inferior  ohli()uc  muscle.  NckI  ift  found  ihc  inferior  oblique  nrascle, 
lo  which  the  aenftilalit  nmt  is  a  guide  as  it  .■twirigi.  arnunil  ihr  Inwcr  txinlrr  of  it.  Alxive 
thi»  rou«clr  is  the  stibinrcipiial  triangle,  in  which  ihi?  suboccipital  nerve  will  be  found  close 
(o  tlie  occipital  boite  and  in  clij»c  pruximily  to  the  vcrt<;bral  ailcn-. 

Again  parting  fmm  the  occipiinlis  Tnijor  and  dissecting  up  the  complexus,  the  external 
branch  uf  the  puvlenur  divi»iun  of  the  third  crrTical  ncrrc  will  t>c  touncl  about  i  inch 
below.  This  ncrvp  is  lo  be  divided  close  lo  the  main  trunk  and  a  piece  excised.  H  ii  is 
dciircd,  the  (nu«L'le*  can  now  b«  sutured  with  buried  catgut  kUuic*.  The  wounil  is  then 
closed  (Keen). 

1 1  i*  not  nuenlial,  however,  to  Mlure  ihr  divide<l  muscle  ;  for  the  venr  divinion  of  the 
muscles  is  ijuite  as  important,  ai  leaa  in  some  ca&es,  as  the  division  of  the  nerves.  In  one 
inHtnnce  the  writer  divided  not  only  all  the  nerves  mcniinnrd  nlwive.  but  alto  every  muKle 
bom  (lie  exItTiiul  occipital  protuberance  tu  ihtf  siermiclaviiulai  joint,  hi  thift  ca.se  a 
prrfrci  cure  resulted,  nlthough  the  <ipaKm  Kfld  hren  exce<-Mve  nnd  accompanied  by  perma- 
nent sliurteniii^;  of  iJie  wtiule  (^ri'up,  with  marked  lateml  defurniily. 

Other  muwulnr  groups  may  be  the  mm.  uf  »pa<iin.  (Kor  the  consideration  *£  Ihcse  the 
reader  is  referred  to  Special  Nerves.  J 

NERVE-TUMORS. 

Neuromata,  single  or  multiple,  are  not  unconmion.  True  ncuro- 
m;iu  coinpo.sctJ  of  ncrvc-tissuc  are  extremely  rare,  but  have  been 
observed.  Tumors  made  up  of  other  than  nerve-tissue  arc  not  infre- 
quent.  Such  neoplasms  may  be  intimately  incorporated  with  the  nerve- 


*    lu 
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Fig.  4l8.^Neuroma  after  amputation.  At  the  rifhl  are  nomal  nerve-fUien  passing 
into  a  bullioiu  entargcmcTit  conbiining  some  myelin-fibers  aid  much  connective  tlasme  (ualn. 
Weigort:  oc.  l.  obj.  i.  I^itsJ.     (fruin  upectmen  iiupplied  ti}r  K.  W.  T4)rlor.) 


bundles  or  they  may  be  loosely  attached  to  them.  The  most  frequent 
are  the  fibromata  (Figs.  438, 439) ;  sarcomata  (Fig.  440)  and  myxonmta 
are  occasionally  seep ;   but  carcinomata,  gtiomata,  and   degeneration 
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tomic  position,  like  that  of  the  ulna  at  the  internal  condyle,  allows 
the  tinner  to  lie  freely  moved  Uiterally.  but  not  at  all  longitudinally. 
In  imiltiple  fibromata  the  brain  and  spinal  cord,  the  cranial  and  spinal 
nerve-rtjots,  the  ganglia,  the  plexuses,  and  the  peripheral  trunks  may 
be  extensively  involved.  Widely  separated  trophic  changes,  interfer- 
ences with  niitrition,  bed-sores,  and  fatal  marasmus  follow  in  more  or 
less  regular  se<iueiice. 

Treatment. — For  single  neuromata  excision  is  the  only  rational 
treatment.  In  benign  neoplasms  palliative  treatment  is  permissible, 
though  for  complete  relief  excision  is  indicated  sooner  or  later ;  in 
malignant,  immediate  excision  is  demanded,  chicHy  for  the  preserva- 
tion of  life.  Kvcn  in  tumors  app;irently  benign,  the  impossibility'  of 
exact  diagnosis  makes  exploration  tlie  safer  plan.  Furthermore,  these 
symptoms,  caused  by  a  tumor  of  any  kind — benign  or  malignant — 
can,  as  a  rule,  he  effectually  relieved  only  by  removal  of  the  tumor 
itself  Benign  neoplasms  not  intimately  caught  among  nerve-trunks 
should  be  dissected  out  with  as  little  injury  to  the  nerve-bundles  as 
possible.  If  separation  is  impossible,  the  nerves  should  be  cut  above 
and  below  the  growth,  the  growth  removed,  and  the  nerve-ends 
united.  Before  the  nerve  is  cut  it  should  be  thoroughly  stretched. 
Malignant  tumors  involving  nerves  should  be  removed  by  complete 
nerve-section,  unless  their  connection  with  nerve-trunks  is  such  that 
thorough  di-sscclion  is  possible.  Encapsulated  sarcomata,  incorporated 
with  irnportant  nerves,  but  easily  separated  from  the  nerve-bundles, 
may  be  carefully  removed.  In  cases  of  doubt  the  nerve  and  tumor 
should  be  resected.  When  several  accessible  tumors  exist,  involving^ 
one  ur  mure  nen'es.  all  may  be  excLsed,  The  usual  f9rm  of  multiple 
iieuromat.t  iidmits  of  no  surgical  treatment. 

Bolboaa  nerves  in  amputation  stumps  are  composed  chiefly  of 
fibrous  tissue,  in  which  the  nerve-bundles  may  become  compressed, 
giving  ri.sc  to  pain.  In  some  insLinces  an  ascending  neuritis  may 
follow,  and  require  section  of  the  posterior  nerve-roots  in  the  spinal 
canal.  The  buHxnis  ends  can  generally  be  felt  in  the  amputation 
stump  as  painful,  tender  tumors.  The  bulbous  end  of  the  nerve  should 
first  be  completely  isolated  by  cle-an  dissection.  It  should  then  be 
grasped  between  layers  of  dry  gaiize.  .md  the  nerve  thoroughly 
stretched.  The  tumor  is  now  removed  by  division,  with  a  sharp  knife, 
with  an  inch  or  more  of  healthy  nerve.  Bulbous  nerves  for  the  same 
reason  that  they  fir^^t  ii[)peared.  are  likely  to  recur.  It  is  important  in 
amjiutating  to  avftid  inclutling  in  the  ligation  of  arteries  the  nerve  or 
any  of  its  filaments,  especially  if  a  non-absorbablc  ligature  is  used. 
Though  it  has  not  been  demonstrated  that  comjiression  of  a  cut  nerve- 
end  by  a  non-absorbablc  ligature  is  a  cause  of  bulbous  nerves,  yet  the 
pos-iibility  of  such  causation  should  be  borne  in  mind  and  the  con- 
tingency avoided. 

LESIONS  OF  SPECIAL  NERVES. 

Injury  1»  the  olfactory  nerve,  liy  fncturc  ihrough  (tie  ciibrironn  |>1jite  of  the  HhiDuid. 
may  rc»uh  in  prnnanrni  im|)ainncnt  erf  the  tense  of  nnell. 

Th#  optfc  nerve  may  l>e  coiripresM^  by  rcmibulliar  iiropla«m«  or  by  inflAmmaioiy 
cxudaijont,.  ]m|MlnnFni  of  »iglil  may  gnulually  follow  rxcnbivc  (irirMurc.  tbe  Dcrrc  sur- 
ceufully  wlihoiatiding  evtraordinary  elon|[uion  or  elevsuon.     Fracture  ihrough  the  leatei 
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wing  of  the  spbenoid  may  destroy  completely  the  functions  of  the  nerve.  Pressure  from 
orbital  tumors  and  exudates  should  be  relieved,  if  possible,  by  dissection  or  by  drainage. 
The  orbital  cavity  may  be  approached  by  removal  of  the  external  angle  of  the  frontal 
bone.     When  the  nerve  has  been  ruptured  by  fracture,  nothing  can  be  done. 

The  third,  fourth,  and  sixth  nerves,  from  their  course  along  the  cavernous  sinos, 
may  be  involved  in  fractures  of  the  base  of  the  sphenoid;  they  may  be  compressed  by 
new  growths ;  the  sixth  is  especially  liable  to  injury  during  operations  upon  the  Gasscrian 
ganglion,  AccidenUl  wounding  of  the  nerves  by  operation  has  not,  however,  been 
recorded.  Nevertheless,  intracranial  dissection  of  the  ganglion  should  be  made  with  great 
care,  to  avoid  these  important  structures. 

The  auditory  nerve  may  suffer  through  fractures  or  wounds  of  the  petrous  portion 
of  the  temporal.  A  case  has  recently  come  under  the  author's  observation  in  which  an 
accidental  gun  shot -wound,  piercing  the  meatus,  destroyed  entirely  the  sense  of  hearing. 
Whether  this  was  owing  to  injury  to  the  structures  of  the  middle  ear  it  was  impossible  to 
aay.     Removal  of  the  bullet  was  not  followed  by  any  improvement  in  hearing. 

The  &cial  nerve  may  be  injured  anywhere  in  its  course  through 
the  temporal  bone.  It  is  peculiarly  liable  to  injuries  during  operations 
upon  the  face.  Facial  paralysis  following  severe  injury  to  the  skull 
always  suggests  a  fracture  somewhere  through  the  temporal  bone,  with 
bruising,  laceration,  or  total  destruction  of  the  nerve.  A  facial  paral- 
ysis accompanying  inflammation  of  the  middle  ear  portends  extension 
of  the  process  into  the  mastoid  cells,  or  at  least  pressure  of  an  exudate 
somewhere  in  the  course  of  the  nerve,  either  as  it  crosses  the  vault  of 
thetympanum  or  in  the  mastoid  itself  This  nerve  is  also  involved  in  cer- 
tain neoplasms  of  the  parotid,  especially  infiltrating  carcinomata.  The 
nerves,  strangled  by  the  density  of  the  growth,  may  be  found  infiltrated 
with  cancer  cells.  In  this  form  of  facial  paralysis  the  compression  comes 
on  gradually.  It  is  total,  and,  from  the  nature  of  the  surrounding  tumor, 
cannot  be  successfully  relieved  ;  for  it  is  essential  in  such  cases,  if  any 
attempt  is  made  at  thorough  removal,  to  take  out  the  whole  growth 
by  as  wide  a  margin  of  sound  tissue  as  possible,  and  in  this  dissection 
the  nerve  is,  of  course,  sacrificed.  Acute  parotitis  may,  though  infre- 
quently, cause  facial  paralysis.  The  facial  nerve  is  perhaps  more  fre- 
quently associated  with  muscular  spasm  than  any  other,  excepting  the 
spinal  accessory.  Whether  the  nerve  merely  transmits  the  central  irri- 
tation, or  is  itself  the  seat  of  irritation,  cannot  be  determined  any  more 
positively  than  in  spasmodic  wry-neck. 
"j  Facial    paralysis   occurring  suddenly  in    persons   of  good    health, 

"\  usually  supposed  to  be  owing  to  the  effect   of  cold   or  exposure,  is 

Ij  probably  caused  by  pressure,  either  postural  during  sleep,  or  from  some 

[  !  other  source. 

[Treatment  of  Facial  Paralysis. — The  treatment  of  facial  paralysis 
I  from  the  causes  mentioned  is  discouraging.     Nothing  surgical  can  be 

;■■  done  for  these  paralyses  dependent  upon  causes  within  the  bony  canal, 

'  I  unless  they  arc  produced  by  inflammatory  exudations  in  the  mastoid, 

J  in  which  case  they  may  be  relieved  by  trephining  and  drainage.     Para- 

j  lysis  caused  by  the  constriction  of  new  growths  gives  little  hope  of 

■  relief,  inilcss  the  growth  is  benign,  when  the  ner\'e  may  be  dissected 

from  the  ^'rowth  or  the  growth  from  the  nerve.  In  carcinoma  such  a 
method  of  relief  is  impracticable.  Tumors  that  do  not  surround  and 
constrict  the  nerve  rarely,  if  ever,  cause  trouble.  The  commonest 
tumor  of  the  parotid — the  enchondroma — may  attain  enormous  size 
i  without   affecting    the    nerve-function.       More    paralyses    result    from 
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cutting  the  nerve  in  removing  these  large  growths  than  occur  in  the 
natunil  deiclopment  of  them. 

The  facial  maybe  cxjioscd  in  the  mastoid  bychi-sclUng.  in  those  rare 
instances  in  which  such  an  operation  is  desirable.  It  may  be  Isfilatcd 
at  the  styloma!>toid  foramen  and  followed  back  through  the  aqurcductus 
Kallupii. 

Treatment  of  Facial  Spasm. — No  surgical  treatment  has  been 
used  until  recently  except  stretching  of  the  nerve.  The  nerve  is 
exposed  at  the  anterior  border  of  ihe  parotid  or  in  the  parotid  itself. 
If  but  one  division  is  affected,  the  nea'e  may  be  sought  in  front  of  the 
parotid;  if  the  whole  ner\'e.  it  may  be  exposed  in  the  parotid  gland, 
about  a  finger's  breadth  below  the  lobule  of  the  car.  It  may  be 
exposed  behind  the  parotid,  between  the  stemomastoid  and  the  stylo- 
mastoid foramen,  according  to  Bonner's  method.  By  this  method  the 
resulting  scar  is  inconspicuous.  The  nerve  may  be  stretched  upon  the 
finger  as  upon  a  bent  hook.  It  will  bear,  post  mortem,  between  5  and 
10  pounds;  but  less  force  should  bo  used  in  life.  In  many  instances 
the  spasm  is  a.^isociated  with  neuralgia  of  the  corresponding  trifacial 
terminals.  Relief  of  the  trifacial  pain  will  be  followed  by  cessation  of 
spasm.  For  facial  spasm  unattended  by  pain  the  facial  nerve  has  been 
stretched,  with,  however,  but  transitorj-  benefit  or  with  no  benefit  what- 
ever. In  some  instances  temporar}*  facial  paralysis  has  followed  the 
operation.  It  has  recenth'  been  suggested  that  facial  spasm  may  be 
relieved  by  supplying  artificial  anastomosis  between  the  spinal  acces- 
sory and  facial  nerves, 

Tlir-  lElOBSophar^-nj^eal  nerve  h»  iw  wreical  importance,  Ihaugh  frequvnlly  panlyrM 
44  the  tCMili  <•(  iHii-lnlcrii^t ;  ^lol  (l»>iii>h,  like  lul  other  ncTvc-Uniclurc*,  it  BMy  he  injured, 
in  ileep  stiuuiiiiii  |;ivI-^  il  tm  f-jx-i'ial  sur^icnt  inirTCSl. 

The  pnetmiogastric  nerve  ma>'  be  involved  in  neoplasms  of  the 
neck ;  it  may  be  compressed  or  dislocated  by  them ;  it  may  be  com- 
pressed in  deep  cer\'ical  abscess ;  it  may  be  divided  in  deep  wounds  of 
the  neck;  it  may  be  injured  accidentally  in  deep  operations  upon  the 
neck;  or  it  may  be  deliberately  resected  in  the  removal  of  infiltrating 
cervical  tumors.  The  symptoms  caused  b>'  section  of  the  vagus  vnry. 
In  cases  collected  by  Park,"  dyspnea,  dysphagia,  slow  respiration  with 
laryngismus  ami  alteration  of  voice,  reduced  respiratory  murmur  of  the 
affected  side,  asthma,  pneumonia,  etc.,  were  observed.  When  both  pneu- 
mogastric  nerves  were  affected  by  the  pressure  of  tumors,  there  were 
present  lung-disturbances.  dyspnea,  depression  of  pulse,  and  ravenous 
ap[K:tite.  In  48  cases  in  which  the  nerA'e  was  cut.  31  died  and  27 
recovered  In  the  fatal  ciiscs  it  was  impossible  to  say  that  death  was 
cau.<u:d  by  the  lesion  alone. 

Section  of  the  pneumogastric  docs  not  necessarily  mean  death ;  but 
operation  should  not  be  prolonged  after  division,  and  the  nerve  should, 
if  possible,  be  immediately  sutured.  The  pneumc^astric  nenx  may  be 
exposed  by  a  longitudinal  incision  in  the  neck  along  the  anterior 
bor<ter  uf  the  slernomastoid  muscle.  It  will  be  found  bchin<l  ami  be- 
tween the  carotid  artery  and  the  jugular  vein,  in  the  same  sheath  with 
them. 

Affections  of  the  recurrent  laryngeal  branch  of  the  pneumogastric 

'  Tram.  Am.  -iiiry.  AiStH-,  *oI.  xiii.,  p.  J53. 
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nerve  are  more  frequent  than  those  of  the  trunk.  This  nerve,  on  one 
or  both  sides,  is  occasionally  involved  in  tumors — malignant,  benign,  or 
aneurysmal — of  the  deep  neck,  or  of  the  mediastinum,  of  the  esophagus, 
the  trachea,  or  the  thyroid.  It  may  be  injured  by  the  impaction  of  foreign 
bodies  in  the  esophagus,  or  compressed  by  deep  cervical  abscesses ;  it 
may  be  injured  in  the  removal  of  thyroid  tumors  or  in  the  ligation  of 
the  inferior  thyroid  arteries.  Paralysis  of  the  recurrent  laryngeal  nerve 
results  in  interference  with  the  voice  and  may  cause  spasm  of  the 
glottis  and  dyspnea.  Symptoms  of  recurrent  laryngeal  involvement 
may  aid  in  the  diagnosis  and  localization  of  tumors  and  of  foreign 
bodies.  The  results  of  such  involvement  may  produce  the  most 
alarming  symptoms  of  impeded  inspiration,  and  may  require  immediate 
tracheotomy. 

The  treatment  of  laryngeal  spasm 'requires  tracheotomy  or  intu- 
bation, after  which  permanent  relief  of  the  dyspnea  may  be  accomplished 
by  operation  upon  the  recurrent  laryngeal  and  removal,  if  possible,  of 
the  compressing  tumor.  In  the  case  of  pressure  by  a  deep  cervical 
abscess  or  by  a  foreign  body,  the  abscess  should  be  opened  or  the 
foreign  body  removed.  In  many  instances  the  effects  of  pressure  or 
of  irritation  are  transitory ;  in  others  they  are  permanent. 

The  spinal  accessory  may  require  surgical  treatment  in  connec- 
tion with  spasmodic  wry-neck  (^,  z',);  it  may  be  injured  accidentally; 
it  may  be  removed  or  resected  in  the  removal  of  tumors  deeply  situ- 
ated under  or  beyond  the  sterno-mastoid  muscle.  The  cutting  of  this 
nerve  produces  no  serious  symptoms.  The  muscles  supplying  the 
sternomastoid  and  trapezius  soon  regain  their  tone  through  collateral 
branches  of  the  cervical  plexus  or  of  the  spinal  nerves.  This  restor- 
ation of  muscle  power  may  account  for  the  restoration  of  spasm  so 
often  seen  after  division  of  the  spinal  accessory  nerve  in  spasmodic 
wry-neck,  and  Is  an  argument  in  favor  of  a  central,  rather  than  a 
peripheral,  origin  for  this  affection. 

The  hypoglossal  nerve  may  be  injured  by  guntihots,  culs  in  [he  throat,  in  operations 

upon  siibmajtillary  tumors  and  upon  the  tongue.  The  division  of  ibis  nerve  produces  a 
deviation  of  the  tongue  toward  the  affected  side.  Though  injury  to  the  hypoglossal  nerve 
does  not  seriously  impair  the  functions  of  the  tongue,  the  ner^■e  should  be  sutured  when- 
ever jx>ssible  after  accidental  or  intentional  division. 

The  hypoglossal  ner\'e  may  be  exposed  through  a  curved  incision  along  the  lower 
border  of  the  submaxillary  triangle.  It  will  be  found  resting  ujwn  the  hyoglossus  muscle. 
close  lo  the  angle  made  by  the  tendon  of  the  two  bellies  of  the  digastric  muscle,  with 
which  angle  it  makes  a  small  triangle,  containing,  deep  in  the  fibers  of  the  hyoglossus, 
the  lingual  artery. 

Cervical  Plexus. — Of  the  cervical  plexus  the  phrenic  nerve  is 

most  important  from  the  surgical  point  of  view.  The  nerve  may  be 
injured  in  operations  and  in  accidental  wounds  of  the  neck.  Its  posi- 
tion with  reference  to  the  scalenus  anticus  muscle,  to  the  common 
carotid,  subclavian,  and  innominate  arteries,  and  jugular,  innominate, 
and  subclavian  veins,  should  be  carefully  borne  in  mind  in  deep  cervical 
dissection.  The  phrenic  nerve  is  most  liable  to  operative  injuries  in  the 
removal  of  deep  cervical  tumors,  especially  those  in  close  relation  with 
the  scalenus  anticus  muscle — benign  and  malignant  adenomata,  ad- 
herent thyroid  tumors,  and  the  like.  Tliis  nerve,  like  the  pneumogas- 
tric,  is  so  conspicuous  a  landmark  in  the  deep  neck  that  neither  is  likelv 
to  be  injured   in   the   careful   dissection   of  normal   anatomy.     When 
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injuries  do  occur,  they  are  the  result  of  deviations  from  the  normal* 
relations  by  pressures  or  entanglement  and  concealment  by  infiltrations. 
The  symptoms  are  not  usually  immediate;  they  are  interference  with 
respiration,  incessant  coughing,  purulent  bronchitis,  congestion  of  the 
lungs,  and  pneumonia.  Of  8  cases  collected  by  Park,'  2  recovered. 
In  the  recoveries  it  is  not  clear  that  the  phrenic  was  actually  divided. 
Accidental  division  sliould  be  followed  by  nnmediate  suture. 

Other  branches  of  the  cervical  plexus  may  be  wounded,  and  often 
are  wounded  tn  dissections  of  llie  neck.  They  should  be  iivoided  as 
much  as  possible  in  such  dissections,  though  when  thoroughness 
requires  it,  they  may  be  freely  sacrificed.  Tlie  chief  nhjectioii  to  the 
cutting  of  these  nerves  is  an  anesthesia  which,  though  but  temporary, 
is  unpleasant,  and  an  occasional  neuralgia  from  entanglement  of  the 
cut  ends  in  the  scar. 

The  brachial  plexus  may  be  injured  by  direct  violence.  cut>. 
stabs,  by  pre.ssui'e  upon  an  exostosis  of  the  first  rib.  by  pressure  of  a 
cervical  rib,  by  the  pressure  of  tumors,  by  the  immediate  bruising 
from  dislocation  of  the  head  of  the  humerus,  or  from  the  pressure  of 
crutches,  or  from  a  prolonged  Trendelenburg  position.  In  incised 
wounds  the  cut  ends  of  the  cords  of  the  plexus  should  if  possible  be 
united;  pressure  from  tumors,  exostoses,  or  the  other  causes  enumerated 
should  be  relieved.  The  most  prolific  cause  of  brachial  paralysis-^ 
dislifcation  of  the  Iicad  of  the  humerus — requires  tmmeiliate  reduction 
of  the  dislocation.  In  not  a  few  instances,  however,  the  rlislocation 
remains  for  a  long  time  undiscovered.  When  reduction  of  old  ilisloca- 
tions  is  attempted,  .>icrious  and  permanent  injurj'  to  the  brachial  plexus 
may  be  caused  by  the  forcible  tearing  of  the  head  of  the  bone  from  a 
new  socket  closely  adherent  to  the  cords  of  the  plexus.  This  danger — 
with  that  of  tearing  open  axillary  artery  and  vein — makes  the  possible 
reduction  of  old  humeral  dislocations  especially  haz^irdous.  Reduction 
by  intelligent  dissection  is  in  reality  nnich  safer.  The  up|)cr  jjortion 
of  brachial  plexus  may  be  exposed  above  the  clavicle  h\'  deep  dis- 
.fections  in  the  subchman  triangle ;  the  lower  portion  by  high  axdlary 
dis.se  ct  ion. 

The  circumflex  nerve  has  special  importance  from  the  frequent 
paralysis   of  the   deltoid   caused   by    falls    upon    the    shoulder.     Such 

fiaralyses  usually  recover  spontaneously.  \Vhcn  the  humerus  is  dis- 
Dcated  by  the  fall,  the  circumflex  ner\'e  may  be  torn,  and  paralysis 
may  be  permanent.  Massage,  passive  motion,  and  electricity  aid  in 
restoring  the  functions  of  the  nerve.  When  by  continued  paralysis  it 
seems  clear  that  the  nerve  has  been  torn,  its  divided  ends  may  be 
sought  for  and  sutured.  There  is,  however,  little  encouragement  that 
the  search  will  be  successful,  owing  to  the  small  size  of  the  nerve 
trunk  and  its  deep  situation.  The  musculospiral  ner\'e  is  more  fre- 
quently the  scat  of  injur>'  than  any  other  ncr\"e.  It  is  often  caught 
between  fragments  of  a  broken  humerus  or  tn  the  resulting  callus;  it 
is  frequently  bruised  (Fig.  433)  by  direct  violence,  paralyzed  by  tlic 
temporary  compression  of  tourniquets,  or  the  edges  of  an  0|M:rating 
table.  The  nerve  is  exposed  by  an  oblique  incision  over  the  musculo- 
spiral groove  by  cutting  through  the  tendon  of  the  triceps, 

>  /.*c.  eif. 
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The  musculocutaneous  nerve  before  it  enters  the  biceps  may  be 
injured  in  operations  about  the  shoulder-joint  or  the  axilla.  Injuries  to 
this  nerve  produce  paralysis  of  the  biceps  and  the  brachialis  anticus 
muscle.  In  venesections  of  the  median  cephalic  at  the  elbow  the  nerve 
may  be  directly  injured,  or  irritated  and  rendered  painful  by  the  pres- 
sure from  the  resulting  scar. 

The  ulnar  and  median  nerves  in  the  upper  arm  are  sometimes 
accidentally  divided  ;  sometimes  they  are  pressed  upon  by  tumors,  and 
sometimes  by  the  prolonged  application  of  the  elastic  tourniquet.  The 
ulnar  may  be  injured  in  excisions  of  the  elbow-joint  and  other  oper- 
ations in  the  vicinity  of  the  joint.  The  median  nerve  will  be  found  by 
an  incision  parallel  to  the  brachial  artery,  along  the  edge  of  the  biceps 
and  coracobrachialis ;  the  ulnar,  above  the  middle  of  the  arm,  will  be 
found  at  the  inner  side  of  the  brachial  artery.  As  the  nerve  approaches 
the  elbow  it  makes  straight  for  the  groove  behind  the  internal  condyle, 
where  it  is  firmly  fastened  by  a  sheath  of  fibrous  tissue. 

The  ulnar  nerve  In  the  forearm  and  the  wrist  is  more  com- 
monly injured  than  any  other  nerve ;  the  median  less  commonly  than 
the  ulnar.  Injuries  to  the  ulnar  nerve  at  the  wrist  are  usually  the 
result  of  accidentally  incised  wounds.  The  ulnar  nerve  is  not  infre- 
quently injured  in  fractures  of  the  elbow  involving  the  internal  condyle. 
Temporary  paralysis  may  follow  long-continued  pressure  at  this  point. 
It  may  be  exposed  in  the  groove  behind  the  internal  condyle.  From 
the  internal  condyle  to  the  wrist  the  nerve  lies  between  the  superficial 
and  the  deep  flexors,  in  the  greater  part  of  its  course  lying  to  the 
median  side  of  the  flexor  carpi  ulnaris  muscle. 

The  median  nerve  may  be  exposed  at  the  bend  of  the  elbow, 
where  it  lies  in  close  relation  to  the  brachial  artery ;  between  the  bend 
of  the  elbow  and  the  middle  of  the  wrist  it  lies  between  the  superficial 
and  the  deep  flexors,  the  guide  to  it  at  the  wrist  being  the  tendon  of 
the  palmaris  longus.  If  that  muscle  be  absent,  it  may  be  found  lying 
superficially  among  the  flexor  tendons. 

Wounds  of  the  branches  of  the  ulnar  and  median  nerves  in 
the  hand  are  not  infrequent.  Unless  the  lesion  is  at  a  point  central 
to  the  distribution  of  the  muscular  branches,  no  operative  intervention 
is  indicated.  In  some  instances,  however,  section  of  the  terminal  sen- 
sory branches  may  cause  unpleasant  symptoms  and  may  justify  suture. 
Two  instances  of  this  kind  have  come  under  the  writer's  observation ; 
both  were  relieved  by  operation. 

The  posterior  interosseous  branch  of  the  musculospiral  may  be 
injured  in  serious  lesions  of  the  elbow-joint  and  in  excision  of  that 
joint.  This  nerve  may  be  avoided  by  S'^inR  the  supinator  brevis  a 
wide  berth.  In  several  cases  of  fracture  of  the  lower  end  of  the 
humerus,  wrist-drop  has  been  caused  by  a  lesion  of  the  posterior  inter- 
osseous branch,  the  radial  being  uninjured. 

The  intercostal  branches  of  the  spinal  nerves  are  sometimes, 
!  though  rarely,  the  seat  of  neuralgias.    A  persistent  intercostal  neuralgia 

suggests  the  pressure  of  a  thoracic  aneurysm.  True  neuralgia  limited 
I  to    the    nerve,   not    associated  with    mediastinal   tumors,    may  justify 

\  excision  of  the  main  trunk  of  the  affected  nerve.     This  may  be  done 

'  by  an  incision  into  the  intercostal  space,  near  the  middle  of  which  the 
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nerve  usually  lies.  The  intercostal  and  other  nerves  supplying  the 
abdominal  muscles  may  occasionally  require  stretching  or  section  for 
abdominal  spasm.  One  such  case  has  occurred  in  the  writer's  expe- 
rience. 

The  nerves  of  the  lumbar  plexus — the  ilio-ingiiinal,  iliohypo- 
gastric, external  cutaneous,  and  genitocrural — have  a  passing  interest. 
Traumatic  lesions  are  usually  operative,  though  they  may  be  acci- 
dental. The  iliohypogastric  may  be  compressed  by  the  sutures  applied 
in  operations  for  movable  kidney.  This  nerve  in  its  course  jiasses 
along  the  border  of  the  quadratus  kmiborum.  In  one  mstance  at  least 
the  writer  has  met  with  a  most  painful  aflfcction  of  this  nerve  from 
entanglement  in  tlie  fixation-ligatures  of  a  ncphrorrhaphy.  The  ilio- 
inguinal and  the  iliohypogastric  may  also  be  injured  in  operations 
about  the  inguinal  canal  and  spermatic  cord.  Neuralgia  of  the  testicle, 
in  some  instances,  at  least,  may  be  relieved  by  neurectomy  of  the  ilio- 
inguinal nr  the  genitocrural  branches  to  the  scrotum  and  testis.  Such 
an  operation  should  be  tried  for  the  relief  of  pain  before  orchidcctomy 
is  resorted  to.  The  motor  nerves  of  the  lower  abdominal  muscles  are 
frequently  injured  by  incision  into  the  right  lower  abdominal  quadrant. 
Such  injuries  are  unavoidable  when,  as  in  acute  appcndiciti.s  cuts 
regardless  of  length  or  situation  arc  demanded.  In  abdominal  emer- 
gencies which  require  long  incisions  through  muscles  nerves  must  be 
disregarded.  Impairment  of  muscular  power  more  or  less  severe,  com- 
plete, and  permanent  cannot  but  result.  Fortunately,  the  source  of 
motor  function  is  so  extensive  that  collateral  motor  supply  is  usually 
established.  It  is  important,  nevertheless,  in  abdominal  incisions  that 
the  motor  ncr\-e  supply  be  as  far  as  possible  conserved. 

The  nerves  of  the  lower  extremities  ma>'  be  the  scat  of 
serious  traumatism,  accidental  or  operative.  They  may  require  the 
snmL'  general  princijilcs  of  treatment  as  the  nerves  above  mentioned. 
The  anterior  crural  nerve  antJ  its  branches  can  be  exposed  by  a 
longituiliiial  iiK  ision  begitniing  at  the  middle  of  Poupart's  ligament  and 
extending  downward.  The  nerve  is  external  to  the  artcrj-,  and  breaks 
up  to  supply  numerous  muscular  branches.  The  chief  sensory  branch — 
the  long:  saphenous — passes  downward  over  the  internal  cond\-le  of 
the  feniiir,  and  is  distributed  over  the  inner  side  of  the  foot.  It  maybe 
exposed  anywhere  along  its  course. 

Of  the  sacral  plexus  (he  sciatic  has  the  greatest  importance  from 
its  being  frequi-iitly  the  seat  of  intractable  pain.  Krom  the  great 
importance  of  this  compound  nerve,  stretching  rather  than  excision  is 
applicable  (see  Nerve- stretching).  Unfortunately,  stretching  rarely 
affords  permanent  relief  to  pain.  The  ner\'e  may  !«:  exposed  in  tl»c 
posterior  region  of  the  thigh,  just  below  the  Inwcr  bor<ier  of  the  gluteus 
maximus.  A  stretching  force  sufficient  to  lift  the  thigh  from  the  table 
may  be  iijtplird.  tln^  iKitient  being  prone. 

The  popliteal  nerves  may  be  ihc  scat  of  painful  affections  from  the 
pressure  of  popliteal  tumors,  esiHicially  aneurysms.  Relief  is  obtained 
by  removal  of  the  tumor  or  by  cure  of  the  aneurj^sm. 

The  anterior  tibial  nerve  may  be  injured  as  it  passes  round  the  head 
of  the  fibula,  being  there  subculancnus.  The  ner\'e  may  l»e  exposed 
by  an  incision  through  the  skin  at  this  point.     Further  down  it  can  be 
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found  between  the  tibialis  anticus  and  the  extensor  longus  digitorum. 
High  up  in  the  anterior  region  of  the  leg,  it  Hes  between  the  extensor 
longus  pollicis  and  the  tibialis  anticus  muscle. 

The  posterior  tibial  may  be  exposed  by  section  of  the  soleus  from 
its  attachments  to  the  tibia  or  fibula.  By  elevating  that  muscle  the 
nerve  will  be  found  resting  upon  the  deep  muscles  of  the  calf.  At  the 
internal  malleolus  the  posterior  tibial  nerve  may  be  the  seat  of  trau- 
matisms, accidental  or  operative.  This  nerve  lies  posterior  to  the 
artery  at  this  point,  and  may  be  exposed  by  a  curved  incision  an 
inch  or  two  in  length. 

The  stirgery  of  the  sympathetic  system  is  limited  to  the  cer- 
vical division  ;  injuries  to  the  great  plexuses  in  other  parts  of  the  body, 
such  as  the  celiac,  are  beyond  surgical  intervention.  The  cervical 
sympathetic  may  be  injured  by  deep  wounds  of  the  neck  and  in  deep 
operations  upon  the  neck ;  it  may  be  pressed  upon  by  tumors  or  by 
deep  cervical  abscesses.  Abbe '  reports  a  case  of  fibrosarcoma  of  the 
cervical  ganglia.  He  collected  43  cases  of  multiple  neuromata  in 
which  the  sympathetic  system  was  more  or  less  involved. 

The  symptoms  of  irritation  of  the  cervical  sympathetic  are  as  follows : 
The  eye-slit  increases  in  width,  the  skin  of  the  neck  and  face  is  pale 
and  cold,  the  pupils  are  dilated,  the  eyes  sunken ;  the  sweat,  the  nasal 
secretion,  and  the  saliva  are  diminished.  Section  or  destruction  of  the 
nerve  gives  the  exact  reverse  of  these  symptoms. 

Surgery  of  the  sympathetic  at  the  present  time  has  its  widest  field 
in  operations  upon  the  cervical  ganglia  for  exophthalmic  goiter  and 
epilepsy.  These  operations  find  their  most  ardent  supporters,  however, 
among  the  French  surgeons.  Jonnesco  recommends  section  of  the 
cervical  sympathetics  in  exophthalmic  goiter,  epilepsy,  hysteria,  chorea, 
tumors  of  the  brain,  and  glaucoma. 

The  cervical  ganglia  may  be  reached  through  an  incision  at  the 
anterior  border  of  the  sternocleidomastoid,  beginning  a  short  distance 
below  the  tip  of  the  mastoid.  The  ganglia  will  be  found  posterior  to 
the  great  vessels,  between  their  sheath  and  the  prevertebral  group  of 
muscles. 

For  exophthalmic  goiter  resection  of  the  nerve  or  of  one  or  both 
ganglia,  on  one  or  both  sides,  may  be  rcsoirted  to.  For  epilepsy,  both 
the  upper  cervical  ganglia,  on  both  sides  of  the  neck,  including  the 
cords  connecting  them,  should  be  removed.  The  value  of  these  opera- 
tions has  not  yet,  however,  been  fully  demonstrated. 

'  Annuli  of  Surgery,  1S98,  vu!.  \xvii.,  p.  487. 
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SURGERY  OF  THE  HEART  AND  BLOOD-VESSELS. 
HEART  AND  PERICARDIUM. 


The  siirgerj-oftlie  h&irt  and  pericardium  is  advancing.  Pus  in  the 
pericardium  is  being  boldly  attacked  wi'th  increasing  frequency,  and 
wounds  of  the  heart  have  been  several  times  closed  by  suture  witJi  suc- 
ccsiiful  issue. 

Here  and  there  in  the  current  lilerature  of  surgerj-  may  be  fnund 
carefully  reported  ca-ses  of  direct  injury  tti  the  heart  followed  hy 
recovery,  and  the  detlucliims  fre)m  these  cases  should  lead  surj^eons  to 
bolder  methods  of  treatment  in  these  hazardous  cases.  For  example, 
in  the  index  catalogue  of  the  library  of  the  Surgeon  General's  Office, 
U.  S.  A.,  there  arc  reported  22  cases  of  direct  injury  to  ihc  heart,  all 
of  which  [ived  over  three  hours;  37  lived  over  three  days;  8  lived 
over  ten  days;  2  lived  (»vcr  twcnty-tive  days  ;  i  died  on  the  fifty-fifth 
day.  and  there  are  3  well-authenticatcti  recoveries. 

The  lesions  of  the  heart  and  |>ertcardium  which  may  be  treated 
aurgically  arc  the  resuh  of  both  injury  and  disease,  and  they  comprise 
wounds  and  ruptures,  effusions  or  hemorrhages — often  resulting  in  dis- 
tention of  the  pericardium  and  pressure  on  the  heart.  Rupture  of  the 
heart  never  occurs  unless  the  hcart-rauscle  has  been  previously  weak- 
ened by  disease.  Traumatism  or  sudden  obstruction  of  the  coronary 
arteries  ni;iy  be  the  immediate  cause  of  rupture  of  the  heart  when  any 
preclisposing  condition  exists.  It  is  a  calamity  usually  resulting  in 
immediate  death,  and  is  accompanied  by  intensely  severe  precordial 
pain.  In  case  the  rupture  is  a  small  one,  death  may  not  be  instan- 
taneous, and  life  may  be  prolonged  for  several  hours.  In  such  a  case 
a  diagnosis  might  be   made. 


The  following  ijuutetl  ckmm  an-  of  interest  in  this  conoectior :  Hulchinton'  reports  « 

r  a  homi 

>*y  llt*Tr 
Bpex  uf 
Slniuiiiuin*  ivcoTfU  the  cum?  of  a,  man  of  sislf-livr.  of  previously  good  hmlth,  who  was 


KM  .       . 

tnatnntic  rupture  <.»  (he  hrnrl  tluc  to  the  kiuk  iif  a  hone  un  the  iimtirilia.  The  patient 
lived  fi^iiT  hour-^  after  the  injury-,  nnd  nc  the  autopsy  th<-rr  wttt  founrl  no  fneitirr  of  the  nhs 
or  sternum,  liui  n  mplurr  %'  inch  in  length  at  the  B}>ex  <j(  the  right  vnitri^le. 


kjckcil  in  the  chest  by  a  horw.  Sign*  <>f  catcliac  inaufiiciency  xxm  developeil,  an<J  afler  *ix 
momh*  he  illixl  of  i-ardiac  failure.  Necropsy  sliowcd  a  rupture  of  the  imima  and  parlial 
rupture  of  ibc  media  of  the  aotia  jusl  above  the  lalves.  3  cm.  long  and  t  cm.  wide,  one 
endnHvanring  inio  the  aiilenur  aoMic  cusp. 

Ncwtrtii^  .\n-)  ('Arigee  comMned  havr  collected  44  caw«  in  whith  traumatinn*  cnu*rd 
ni]riLjrr  of  tlic  hirarl  wiilivml  ojieniiig  the  perininlium.  Alt  were  fatal ;  one  lived  founcen 
hours. 

The  fatal  rcMilC  in  caf«s  of  rui>tuTC  of  the  heart  i>  due  either  to  shock,  to  an  inability  of 
ihc  heart  to  rontmct  owttig  to  its  injured  mu«:lc.  or  to  pmuire  nn  the  be*n  bjr  banorroi 
dikteiidiiig  the  perinrdmm  and  preventing  it»  rxjNtnMon. 

'  Bn'r.  .Vtii.  /iwr.,  1894,  vol.  it.,  p.  1427.- 
--    -     '  I.jUI.,  It. 


*  Ztimkr,  f.  kHn.  Med.,  Bd.  slii.,  H.  5,  190I. 
■  Mtdiml  Rteord,  June  17,  1899.  p.  864. 
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Wounds  and  it^uries  of  the  heart  and  pericardiimi  occur  m 

connection  with  injuries  to  the  thorax.  The  most  common  are  shot- 
and  stab-wounds,  while  perforations  and  tears  in  the  pericardium  by  the 
broken  end  of  a  rib  or  by  a  perforating  foreign  body  have  been  reported. 
The  possibility  of  a  wound  of  the  heart  or  pericardium  should  always 
be  considered  in  perforating  wounds  of  the  chest  in  the  cardiac  region. 

One  of  (he  greatest  dangers  is  that  the  coronary  artery  will  be  injured.  The  right  ren- 
tricle  is  the  usual  site  of  injury. 

Rehn,'  of  Frankfort,  in  speaking  of  wounds  of  the  ventricle  as  compared  with  wounds 
of  the  auricle,  sUtes  that  wounds  of  the  auricle  arc  much  more  fatol  than  those  of  the  ven- 
tricle, owing  to  the  thinness  of  the  auricular  wall.  Giordano'  reports  i  case  of  auricle 
suture  which  lived  nineteen  days. 

The  symptoms  of  wounds  of  the  heart,  when  death  is  not  immedi- 
ate, are  profound  shock,  severe  pain,  syncope,  hemorrhage,  either 
externally  or  into  the  pleural  or  pericardial  cavities,  diminution  of  the 
heart-sounds,  and  possible  enlargement  of  its  percussion  area. 

The  treatment  should  first  be  directed  to  the  relief  of  the  general 
symptoms.  The  foot  of  the  bed  should  be  raised,  the  patient  sur- 
rounded by  heaters,  stimulants  administered  only  in  sufficient  quanti- 
ties to  support  the  flagging  heart,  and  morphin  given  in  small  amounts 
repeated  frequently  enough  to  ease  the  pain.  The  question  of  opera- 
tion is  then  to  be  considered.  No  person  should  be  allowed  to  die 
from  a  wound  of  the  heart  without  an  operation  being  attempted,  when 
such  an  effort  would  give  the  slightest  possible  hope  of  a  favorable 
outcome.  Forty-one  per  cent,  of  all  reported  cases  operated  upon  have 
recovered  ;   10  per  cent,  have  recovered  without  operation. 

Under  light  anesthesia  '  a  flap  should  be  reflected  from  the  chest-wall 
over  the  wound,  and  a  sufficient  portion  of  one  or  more  ribs  resected 
to  give  access  to  the  wounded  heart.  The  pericardia!  wound  should 
be  enlarged  if  necessary,  and  fine  silk  interrupted  sutures  used  to  close 
the  heart-wound.  The  sutures  should  be  pas5;ed  and  tied  during  dias- 
tole. Do  not  interrupt  the  rhythm.  The  pericardium  should  be  irri- 
gated with  hot  sterile  salt  solution. 

It  is  safer  not  to  suture  the  pericardium  completely,  but  to  insert 
through  the  external  wound  into  the  pericardial  cavity  a  small  wick  of 
gauze  for  drainage. 

There  have  been  several  cases  reported  of  recovery  following  attempts 
to  suture  or  to  control  hemorrhage  from  the  heart-wall, 

Kfhn.'  of  Frankfort,  reports  a  case  of  knife-wound  of  the  left  chest  through  the  fourth 
inlercost.il  space,  in  which  a  |X)rtion  of  the  fifth  rili  was  excised,  the  pericardium  opened,  and 
a  wound  i  V^  centimeters  (0.6  jtich  \  long  was  found  in  the  right  ventricle.  The  j>ericardium 
was  packed  with  iodoform  gauze.  The  patient  had  an  attack  of  purulent  pleuriiis.  but 
finally  completely  recovered.  This  is  the  first  successful  case  of  suture  of  the  heart  in  man 
recorded. 

Spencer*  reports  a  case  of  a  man  twenty-eiglil  years  of  age  who  was  stabbed  through 
the  third  left  costal  cartilage.  The  wound  was  packed  with  gauze,  and  the  patient  lived 
seventv-ninc  days.      At  the  autopsy  there  was  found  a  scar  5  mm.  \y'^  in.)  in  length  in  the 

'  Z.iwiv/.  1897,  voi.  i..  p.  1306. 
','  *  /..I  ,-hirur-;i,i  di'l  periiUiriHo  e  <lel ruore,  Napoli,  I9CX). 

*  Cln  this  jioLnt  there  is  disagreement.  Parozzani,  by  liill,  in  his  two  cases  Hse<I  no 
aneMliflic.      Giordano  did    likewise,  but  has  no  objection  to  its  u^e  if  the  pulse  is  strong. 

<  In  Parlavecchio's  case,  struggling  from   the  anesthetic  caused  the  clot  to  be  detached  and 

i  .'I  the  bleeding  to  start  afresh,      (.'ocain  was  frequentlv  used  unless  the  patient  was  unconscious. 

*  Latuet,  1897,  vol.  i.,  p.  1306.  *  Brif.  Med.  Jour.,  1896,  vol.  ii.,  p.  H29. 
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rigtii  veiiiricle,  and  a  ^a>alLe[  xxi  an  ihe  inside  of  tlie  heart,  ju&t  bel^>w  (be  i>ulnitiii(ity 
viitvr. 

WilliBm»*  ie|»orW  a  case  of  ^ub-wciutid  where  ihe  fiflh  iil>  «uilem]>oiari1y  re»evted  ;  llic 
wound  in  the  pcncanliiim  was  ityjxA  In  lie  I  )i,  inthc^  long  ami  the  wuimd  nf  ilie  heart  A 
inch  long.  Tlie  iiencardiuiu  was  irrigated  with  Merde  salt  sidutkuit,  uiid  Ihv  wuund  in  the 
pericardium  wfts  cluwd  wlih  KnrL-ntgul  «iitun;s.  ThceKternal  wotiiid  was closctl  with  wtures. 
The  pnlient  ihrec  years  laler  was  wt-ll. 

Hill'  has  collected  all  the  cue*.  (17)  uf  hean  »ulurr  reported  u))  lo  1901.  There  werv 
7  recovfrie< 

Vaughn'  reports  J  case  and  collects  8  more,  malciiiKn  lotal  of  36  cases  with  y  reeoTerics. 

Occasionally  cases  are  reportcil  of  wounds  of  the  left  ventricle  where 
recovery  ensued  without  suturing.     P'or  example; 

tJeaoe*  report*  a  stab-wound  of  the  left  ventricle.     Recovery.     No  sutunng. 

( If  giiTi>hi)«  wounds  of  ihr  hrnrl  (Hen-  have  hern  only  J  cajpK  reported  cuml.  The« 
weic  upctalcd  on  by  pericardia!  lirainouL*  ooty. 

One  of  the  most  inlereUiiig  cases  of  suonUncous  recovcty  from  ■  );un!-liut  wound  of  the 
heart  is  reported  by  C.  H.  MaMin,*  of  Mobile,  Ala.  A  man  aged  thiny-two  wa*  tirwl  at 
from  an  Ambush,  anxl  his  Irft  chesi  was  performed  liy  a  ^tt-caliber  bullet.  It  enlenrd  ihe  rear 
of  the  chest.  \a*x.  helow  and  to  thr  ouirr  *ide  of  ihc  angle  of  the  scapula,  at  which  |K>tni  it 
entered  Ihc  chest  between  the  seventh  and  eiifhlh  ribs.  It  passed  through  the  entire  chest 
and  emerged  fmm  ihir  fbnrlh  inlercoslnl  «pace,  2^^  inches  fnim  the  midMcn)al  line.  Upon 
Uii*  iig)«t(jmii.'al  localiou  it  i'  not  possible  (ur  the  heart  to  liav«  escaped  direct  |XMietrnliou. 
The  pniirnt  fully  recovered. 

Foreign  bodies  may  penetrate  the  myocardiutn  and  there  remain, 
without  serious  results,  some  hours  or  up  to  many  jcar.s. 

Hill  (/iw.  cit,\  rtr|Kirt^  llie  uiiir  of  a  necille  2'^  inches  long,  driven  into  the  liean,  which 
COuSd  be  seen  under  the  skin  moving  with  the  hcanheai.      It  w:is  rrmi>vrcl  with  ca^e.      He 
quci1e»  a  case  of  Stevci;»on'»whcTeK  UnlishoAicer  carried  a  bullet  encapsulalnl  in  the  heart 
wall  for  eleven  years.     He  quotes  Ueer«  also,  who  lells  oT  an  American  sntdicr  who  bort-  a 
bullet  in  the  wall  of  the  left  venlricle  for  thirty  sc> en  years, 

0|>hiilu»'  I1U.S  collected  47  ca.sC9  u(  foreign  biHly  in  Ihc  heart-Will. 

One  of  the  most  su^eslive  cases  a«  lo  llie  vritdmn  of  inletveniioti  in  saspected  ruptures 
of  the  heart  i>  ihal  of  Unmcl.'  who  reports  the  case  of  a  soldier  who,  while  atienipiing  \a 
lift  the  trunk  of  n  liee;,  wat  seiird  with  ■  >uddcn  severe  pain  in  the  right  cheM.  Il  was 
thought  that  he  had  ruptured  a  costal  carliUge  by  the  action  nf  the  pectomlis  major  muscle. 
He  was  examined  at  the  hospital  the  nnl  day,  but  nu  Icsitin  coidd  be  found,  and  the  heart 
and  tespiralion  were  nonikal.  lie  walked  tluiui  the  ynnl  AnA  frit  comfort^ihle  during  the 
day.  The  following  morning  he  cuddenly  complained  of  |Kiia  wid  cupircd  uIthokI  at  once. 
Al  Ihe  aulo[>sy  an  <rrdiHary  Hi-wing  rfi^Ile  wa»  found  to  ha«e  pcnelnited  ihe  chest-wall  in  the 
fourth  right  inicrcnsial  space  and  was  buried  iij  the  |>erii-ardrum.  The  pericardial  cavity 
was  found  to  br  I'dlcd  with  IiKmhI,  and  this  il  is  which  is  signiiieani  and  sluiutd  he  recofr- 
niie<l  as  a  <lemnnd  for  surgical  interference.  On  ihc  iurface  of  the  right  ventricle  were 
(uuikI  two  small  eroiiiuu.i,  one  of  which  disclosed  an  opening  into  ihe  caviiy  of  the  heart. 

As  illustrating  a  method  oi  exposure  of  the  heart  and  pericardium 
ill  stab-wounds  of  the  cardiac  rejiion.  Roberts's  article  on  the  subject 
of  Suppurative  Pericarditis,  which  was  read  before  the  American  Sur- 
gical Association  tn  1897,15  of  interest.  He  proposed  an  operation 
con.-sisting  of  a  chordroptastic  method  of  ]M;ricardolumy,  by  a  tni|>-di.HJr 
excision  of  costal  cartilages,  which  avoided  injury-  to  the  pleura  and 
mammarj'  ves.scls. 

An  extremely  suggestive  case  as  to  the  possibilities  of  cardiac  sur- 
gery is  the  one  reported  by  K.  C.  Shattuck  and  C.  B.  Porter"  of  cure  of 

'  ,1/rt/.  Rtean/,  1897.  rol.  U,.  pp  457-439. 
'  Mtiiitat  Rtforti^  Dec.  tj,  1900,  p.  9JI. 

*  Me.ii;at  N.tvi,  I)cc.  7,  '1901.  •  Pari/f  Mtd.  Jimr.,  1895,  »o!.  Kxiviii.,  p,  309. 
'  Trans.  Am.  Surg,  .^sic*.,  vol.  siii,,  p.  273. 

'  O^eiJ.  .Mfttini!  7Iw/i,  Jtine,  1K99,  p.  426. 

*  A'<Mtvti  lit  MtJtiiMe  H  <it  rh>i'-m«tit  MtHtairti,  Parift,  Nov.,  1891. 

*  Afois.  A/ed,  Sm.,  1900,  p.  369. 
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a  purulertt  pericarditis.     The  steps  of  the  operation  recommended  by 
Porter  are: 

An  incision  is  to  be  made  from  the  middle  of  the  sternum  outward  over  the  fifth  costal 
cartilage  to  its  junction  with  the  rih.  The  soft  parts  are  cleaned  from  the  cartilage  with  a 
periosteum  elevator,  care  being  taken  not  to  wound  the  pleura.  The  cartilage  is  divided 
with  bone-forceps  from  the  rib  and  the  sternum.  The  internal  mammary  artery  and  vein 
are  thus  exposed,  llgated  in  two  places,  and  divided  between.  The  triangularis  stemi  is 
separated  from  the  sternum  and  pushed  to  the  left. 

A  little  careful  dissection  with  the  director,  in  case  fat  is  encountered,  exposes  the  peri* 
cardium,  which  is  normally  much  thicker  than  the  pleura.  An  aspirating  needle  should 
now  be  introduced,  if  this  has  not  been  previously  done,  in  order  to  corroborate  the  diag- 
nosis. If  confirmed,  the  knife  should  follow  the  needle.  The  incision  in  the  pericardium 
is  best  made  obliquely  downward  and  outward,  beginning  close  to  the  excised  border  of  the 
sternum.     The  edges  of  the  pericardium  should  be  stitched  to  (he  soft  parts. 

Irrigation  should  always  be  employed,  with  the  object  of  removing  any  mas-ses  of  fibrin 
which  may  lip  at  the  bottom  of  the  cavity,  and  if  there  are  many  such  masses,  it  should  be 
continued  until  the  fluid  returns  clear.  The  fluid  may  be  weak  sublimate  or  carbolic  solu- 
tion or  salt  solution,  according  to  the  preference  of  the  operator.  The  fluid  must  be  warm 
and  have  free  exit 

Drainage  is  best  provided  by  two  rubber  tubes,  one  long  and  reaching  to  the  bottom  of 
the  sac  for  the  inflow,  and  a  short  tube  just  entering  the  sac  for  the  outflow-  As  the  dis- 
charge diminishes  one  tube  may  be  removed,  and  finally  gauze-  drainage  inserted. 

Eiselsbct^i  of  Vienna  reports  a  case  where  a  purulent  pwricardilis  developed  after  a 
stab-wound  of  the  pericardium  in  a  boy  seventeen  years  of  age.  Puncture  of  the  pericar- 
dium having  been  performed  several  times  without  relief,  an  incision  was  made,  the  cartilage 
of  the  fourth  left  rib  was  resected  and  the  thickened  pericardium  exposed.  This  was  opened 
by  a  transverse  incision  4  cenbmeters  (ij  inches)  in  Icnglh,  and  2  liters  (2.1  quarts)  of  a 
seropurulcnt  fluid  were  evacuated.  The  cavity  was  irrigated  out  with  warm  salicylated 
water,  the  borders  of  the  pericardial  incision  were  stitched  to  those  of  the  wound,  two  drain- 
age-tubes inserted,  and  complete  recovery  took  place  in  four  weeks. 

Dalton  *  of  St  Louis  reports  a  case  of  a  man,  aged  twenty-two,  who  had  a  wound  of 
the  pericardium.  He  was  seen  an  hour  after  the  injury,  and  his  immediate  symptoms  were 
very  slighL  Ten  hours  later  his  temperature  rose  to  loi'*  F.,  pulse  to  113,  respirations  to 
4CX  The  entire  left  side  had  become  dull.  An  incision  8  inches  long  was  made  over  and 
parallel  with  the  fourth  rib,  and  6  inches  of  the  rib  were  excised.  The  pleural  cavity 
was  found  filled  with  fluid  and  clotted  blo»d.  There  was  a  wound  in  the  pericardium  2 
inches  in  length,  which  was  sutured  with  much  difficulty,  owing  to  the  rapidity  of  the  heart's 
aclion  ( 140  a  minute).     His  recovery  was  rapid  and  uninterrupted. 

In  conclusion,  it  may  be  said  that  an  exploratory  operation  is  ad- 
visable in  any  case  where  a  wound  of  the  heart  or  pericardium  is  sus- 
pected, for  the  following  reasons:  i.  To  .secure  asepsis;  2.  To  prevent 
the  outpouring  of  blood  from  a  possible  wound  in  the  heart-muscle 
into  the  pericardium,  since  such  an  outflow,  apart  from  the  effects  of 
hemorrhage,  overdistends  the  pericardium  and  stops  the  heart's  action. 

IP4JURIES  OF  THE  BLOOD-VESSELS. 

The  surgery  of  the  blood-vessels  may  be  divided  into  two  classes  : 
I.  Injuries;  2.  Diseases. 

As  the  result  of  injury  to  a  blood-vessel  there  occur  several  forms 
of  hemorrhage.     These  are  known  as  arterial,  venous,  and  capillary. 

Hemorrhage. — a.  Arterial;  b.  Venous;  c.  Capillary. 

In  order  to  understand  hemorrhage  intelligently  it  will  be  necessary' 
to  recall  the  anatomy  of  the  vessels. 

All  of  the  arteries  have  distinct  coats;  the  internal  or  endothelial  is 
known  as  the  tunica  intima.Ahe  middle  muscular  coat  as  the  tunica 
vicilia,  and  the  external  connective-tissue  coat  as  the  tunica  adventitia. 

'  Wiener  klinUcke  ^forA^wjcAr*/?,  Jan.,  1895. 
*  Annaii  0/  Surgery,  Feb.,  1895, 
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The  two  inner  coats  arc  intimately  connected,  but  together  may  be 
Lvtsily  ^.cpiiralfd  from  the  outer  one,  which  is  dense  and  firm. 

The  UiNtca  t/ilinin  is  a  serous  Hninjj  continuous  tliruughout  the  vas- 
cular systciii.  It  has  no  vessels  and  is  composed  chiefly  of  an  epithelial 
hninp  and  a  layer  of  longitudinal  clastic  fibers  and  connective  tissues. 

The  tunica  media  consists  of  two  layers — an  clastic  and  a  muscular 
coat — whose  fibers  are  arranjjcd  in  a  circular  direction,  and  give  to  the 
artery  its  pcitercy,  form,  and  elasticity.  The  elastic  fibers  predominate 
lartjely  in  the  anrta  an^.!  it-*  large  branches,  while  the  muscular  fibers 
predominate  in  the  smaller  arteries. 

The  tunica  advcntitia  is  a  tough  membranous  coat  composed  mainly 
of  connective  tissue.  It  gives  to  the  arteries  their  chief  strength  and 
firmness,  and  from  it  tlic  inner  coats  derive  their  nerve  and  part  of  the 
Ijlood-supply, 

Arterial  HemorrhaEe. — Wln-n  the  artery  is  divided,  an  intermittent 
stream  of  l>n^dit-red  blnod  spurts  from  the  proximal  end  of  the  injured 
vessel.  However,  in  case  of  partial  asphyxia  from  ether  or  other  cause 
the  blood  i.s  of  a  dark-red  color  like  venous  blood.  The  spurting 
stream  which  is  usually  seen  is  synchronous  with  the  heart-beat,  but  if 
the  hemorrhage  comes  from  a  deep  wound  this  spurting  is  obscured. 
Thi^  is  also  the  case  where  severe  hemorrhage  has  occurred  or  where 
there  is  great  cardiac  weakness  from  lowering  of  the  arterial  pressure, 
lileetling  from  large  arteries  must  be  controlled  mechanically,  while 
bleeding  from  the  smaller  arteries  usually  ceases  on  account  of  the 
retraction  of  the  vessels  within  their  sheaths  and  the  spontaneous  clot- 
ti]ig  of  the  blood. 

Venous  Hemorrhage. — When  a  vein  is  divitled  there  Is  a  continuous 
fiiiw  t>f  ditrk-red  blood,  and.  unlike  arterial  hemorrhage,  the  flow  is 
greater  from  the  distal  end  of  the  severed  vessel  than  from  the  proxi- 
mal end.  Venous  hemorrhage  is  not  often  dangerous,  unless  it  occurs 
from  a  large  vein  near  the  trunk  or  from  a  large  branch  near  a  main 
vein.  Fatal  hemorrhage  occasionally  occurs  from  a  ruptured  varicose 
vein  in  the  leg,  owing  to  the  valves  in  the  vein  becoming  inefficient 
fnim  dilatation  of  the  vessel.  In  a  hemorrhage  from  a  vein  the  simple 
expedient  of  elevating  the  limb  and  applying  slight  pressure  to  the 
bleeding  point  quickly  controls  the  hemorrhage.  A  serious  danger  in 
connection  with  venous  hemorrhage  from  large  trunks,  especially  in  the 
neck,  is  the  entrance  of  air  into  the  circulation,  forming  air-cmboli. 

Capillary  hemorrhage  differs  from  arterial  and  venous  hemorrhage 
in  tiiat  blund  iluws  frnni  a  large  number  of  minute  points  in  the  tissues 
rather  than  from  a  single  vessel  of  considerable  size.  The  blood  seems 
to  well  up  from  the  wound  like  water  from  a  spring.  It  is  bright  red 
in  color,  and  unless  from  a  constitutional  dyscrasia  always  ceases  spon- 
taneously from  the  coagulating  property*  o{  the  blood. 

Control  of  Hemorrhage. —  Tlic  blood  and  the  vessels  have  been 
jiroviiled  with  a  number  of  important  properties  for  the  control  of 
hemorrhage,  which  in  the  majorit)'  of  crises  arc  sufTicicnt  lo  prevent  a 
fatal  result.  These  arc  coagulation  of  the  blood  and  the  formation  of 
thrombi;  retraction  and  contraction  of  the  vessel-walls ;  and  the  con- 
traction and  pressure  of  the  surrounding  tissues.  After  a  serious  loss 
of  bluod  there  is  cardiac  weakness  and  a  conseijucnt  falling  off  in  the 

a7 


898 


/NTBitA-AT/0.\'AL    TEXTBOOK  OF  SVRGSRY, 


blood-pressure,  which  lessens  the  loss  of  blood  and  favors  coagulation. 
The  underlying  principle  in  tlie  control  of  all  kinds  of  surgical  hemor- 
rhage U  the  proper  application  of  pressure.  Constitutional  treatment 
by  the  adiii in i.st ration  of  ergot,  iron,  opium,  etc.,  to  lower  the  blood- 
pressure  and  favor  coagulation,  lowering  of  the  head  to  prevent  fatal 
syncope,  and  the  transfusion  of  a  normal  salt  solution,  are  all  valuable 
adjuvants. 

There  arc  a  number  of  devices  for  controlling  hemorrhage  by  press- 
ure, many  of  which  are  always  available.  The  most  important  of  these 
are  digital  pn-ssurv.  improvised  tourniquets ^  or  pnssure  by  a  compnss  pad 
and  bandage.  Other  measures  arc  packing  a  wound  with  gauze,  the 
use  of  hemostatic  forceps  for  temporary  compression,  torsion,  and  liga- 
tion. In  addition  to  {hcsc,  position,  hat,  cold,  slypiics,  Vir\6  the  actual 
cautery  are  frequently  of  great  value.  The  details  for  the  treatment  of 
hemorrhage  and  the  applications  of  the  various  remedial  measures  will 
be  found  in  the  chapter  on  Minor  Surgery. 

During  the  laM  tlirw  years  mudi  expcrimcnul  work  ha*  b«eii  done  to  dclennine  tlw 
vnlue  of  ^ul)cutiiiirou&  iiijccliuns  or  local  application>)  of  (jtflalin  Milutioiu  lu  sdyp  hemrw- 
rhflgr — intcnuil  ur  for  ftuitie  othvr  Fcii*on  undent rullnblr  mt^hniucally.  ThU  applint  to 
hcniophilJa  and  la  blccdin);  from  the  nohe,  nasopharynx ,  ad<1  ini«aio».  Tliew  soluuoiu 
have  partirnlarly  been  nii^tl  fnr  tnjrc(inn:c  into  nncnryMitu  (^.  t/. ). 

ExLtllcnt  exijcriineiilal  wurk  ha»  br»i  dune  by  >turiam,^  wbo  concludes  that  lubm- 
tancous  in^rctii^ns  of  t  per  cent  w>lnlioii«  of  gelatin  In  rfTnutl  Kaliitc  vilntiota  are 
abiKirbol;  thnl  ihry  ace  inixicuuui;  Ihai  (hey  incrcB>c  tbr  cuaj^ubUlity  uf  the  bluod  as  a 
pure  modilicaiion  of  its  density,  (ininow-  believes  that  gelatin  uwd  subcutaneoaOy  has 
a  ImnHcnt  Vlood-coflguUtiiig  quality  which  i*  UMful  in  cnntralting  hcmorrhngr  of  the 
intcniAl  orgnna.  Sailer*  ha^  tollecied  the  liieralure  of  the  ^ubjrci  10  daie.*  Kepcated 
hyfHxiprniic  injcrlionn,  ihcrrforc,  of  a  ntc-rilr  I  or  a  jwt  crnt.  *:)!uinin  of  gelatin,  rath  d-nc 
amountin]^  to  t  tn  j  gruinn  p^rc  gelatin,  mAy  be  made  for  hcniopliiiia  or  for  iDiema]  blired- 
iiig  not  otherwise  couirollablc. 

Rarely  in  tliese  days  of  antisepsis  does  a  secondary  hemorrhage 
take  place.  It  may,  however,  be  due  to  the  slipping  of  a  ligature,  to  an 
atheioinatou.s  artery*,  to  sloughing  in  a  wound  that  is  the  result  of  any 
septic  process,  or  to  gangrene.  Arterial  hemorrhage  may  be  primary* 
— recurrent  within  twenty-four  hours — or  secondary*,  from  any  lime 
after  this  until  the  wound  in  the  vessel  is  healed. 

Tn  ] ire-antiseptic  days  secondary  hemorrhage  was  of  frequent  occur- 
rence, and  often  took  place  when  the  ligature  separated,  which  was  from 
the  twelfth  to  the  sixteenth  day.  The  treatment  of  secondary  hemor- 
rhage is  as  follows  :  In  case  the  bleeding  is  confined  to  a  small  amount 
of  oozing,  packing  the  wound  with  iodofonn  gauze  and  the  application 
of  a  firm  bandage  with  compre^^sion  aie  ustially  sufficient  for  its  control. 
If,  however,  the  hemorrhage  becomes  profuse,  an  Esmarch  tourniquet 
must  be  applied,  or  digital  pressure  matle  over  the  artery,  the  wound 
opened,  and  a  ligature  applied  to  the  ends  of  the  bleeding  vessel.  In  a 
sloughing  woutid  or  in  a  nearly  healed  stump  it  is  often  advisable  to 
ligate  the  vessel  in  continuity. 

Air-embolism,  or  the  entrance  of  air  into  the  circulation,  aside 
from  where  it  enters  the  uterine  sinuses,  occurs  exclusively  after  injury 
to  the  veins,  especiaUy  those  at  the  base  of  llie  neck—;,  c,  the  jugular, 

^  It  Potiilinkff,  1901,  No.  II. 

*Brrtfn.  Atin.  Wofkras.,  Aug.  12,  1901. 

»  TAfraf.  Cn.,  Aug.  I5.  I901,  p.  508. 

« See  ■!«"  Nichols,  Afn/uat  AVrra,  1899.  p.  705. 
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the  superior  vena  c.iva,  the  innominate,  the  subclavian,  and  the  axillary. 
The  facts  that  these  are  large  veins  with  a  stream  of  blood  running 
downward  toward  the  heart,  that  they  usually  do  not  collapse  when 
wounded,  being  held  o[xin  by  their  attachments  to  the  surroundinj» 
connective  tissue  and  fascia,  and  that  when  inspiration  occurs  the  blood- 
pressure  becomes  negative  in  these  veins,  all  favor  the  entrance  of  air 
when  they  are  wounded.  The  air  rushes  in  with  a  peculiar  hissing  or 
gurgling  sound,  and  if  in  sufficient  quantities  death  is  almost  instan- 
taneous. Single  small  bubbles  of  air  are  not  necessarily  fatal,  but  may 
cause  labofcd  breathing  and  tumultuous  cardiac  action.  Death  is  due 
to  the  air  collecting  in  the  right  side  of  the  heart  and  prc\xnting  the 
contraction  of  the  right  ventricle,  which  finally  stops  the  heart  in  dias- 
tole. 

Treatment  of  Air-embolism. — Unfortunately  the  accident  is  not 
usually  recognized  until  the  serious  condition  of  the  patient  warns  the 
surgeon  of  approaching  death.  It  more  commonly  occurs  in  a  surgical 
ofieration  than  in  the  case  of  an  accidental  or  a  self-inflicted  wound. 
When  a  large  vein  is  cut  it  should  be  instantly  compressed  on  the 
cardiac  side  by  the  finger,  and  the  wound  should  be  kept  filled  with 
sterilized  water  until  the  vessel  is  ligatcd.  As  soon  as  the  bleeding 
vein  is  secured,  the  patient's  general  condition  should  receive  attention. 
Inhalations  of  oxygen,  forcible  expiratory  movements  by  compression 
of  the  chest,  electricity  to  the  chest  over  the  heart,  bandaging  nf  the 
limbs,  and  subcutaneous  injections  of  strychnin  or  atropin  should  all  lie 
tried.  Operations  in  the  vicinity  of  the  veins  in  the  lower  part  of  the 
neck  should  be  conducted  with  the  greatest  cart,  and  an  assistant 
should  st.'ind  near  at  hand,  rcaily  to  :ipptv  compression  in  case  of  need. 

Wounds  of  the  arteries  and  veins  occur  in  connection  with 
wounds  of  all  kinds  and  in  every  part  of  the  body,  and  gtve  rise  to  the 
different  varieties  of  hemorrhage  previously  enumerated.  The  first 
indication  in  these  wounds  is  to  control  the  hemorrhage  by  compres- 
sion, ligature,  or  packing. 

It  is  very  rare  tliat  in  an  operation  a  surgeon  will  be  called  upon  to 
suture  an  artery,  but  it  has  been  demonstrated  by  Gtuck^  and  also  by 
Heidenhain  that  the  axillary  artery,  if  it  is  not  completely  divided,  may 
be  restored  in  its  continuity  Wounds  of  the  internal  carotid,  the 
brachial,  the  common  iliac,  the  femoral,  and  the  popliteal  have  also 
been  succes.-ffully  sutured.*  The  edges  of  the  arter>'  arc  seized  by  for- 
ceps, fine  catgut  sutures  arc  introdviccd  through  the  advcntitia.  and  the 
wound  is  packed  down  to  the  sutured  vessel.  Hcidcnhain  examined 
his  case  of  suture  of  an  artery  six  months  later  and  found  no  evidence 
of  a  traumatic  aneurj'sm. 

Not  infrequently  in  0{}erattons  where  large  veins  are  involved  a  sur- 
geon will  find  a  bleeding  jioint  on  the  wall  of  a  vein  which  requires 
repair.  This  can  be  done  by  seizing  the  bleeding  point  and  appUing  a 
ligature  to  pucker  up  the  wall  of  the  vein.  and.  as  has  been  done  in 
treating  arteriovenous  aneurysms,  the  wall  of  the  vein  might  be  sewed 
in  on  itself  by  fine  catgut  sutures  in  the  axis  of  the  vessel. 

Rupture  of  an  artery  occasionally  occurs  a.s  the  result  of  direct  or 

'  CfHtram.  /Br  ChinirgK.,  18^5,  No,  49, 

'  Editorial,  ymr.  Amer.  MrJ.  Auot.^  April.  I900.  p.  I0S7. 
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indirect  violence.  The  rupture  may  be  complete  through  all  three 
coats,  or  it  may  be  only  partial  through  one  or  more  coats  of  the 
vessel.  The  walls  of  an  artery  may  be  torn  as  the  result  of  a  blow,  or 
the  wall  may  give  way  from  increased  blood-pressure  when  weakened 
by  atheroma.  If  an  artery  is  stretched  from  overextension,  especially 
at  the  knee-joint,  or  where  the  vessel  is  caught  against  the  bone  or 
between  the  fragments  of  a  fracture,  or  where  it  is  bruised  in  the 
reduction  of  dislocations  at  the  hip-  or  the  knee-joint,  a  rupture  may 
take  place.  Partial  rupture  of  an  artery  resulting  in  aneurysm  may 
come  on  without  apparent  violence,  as  a  sequel  to  endarteritis.  When 
rupture  occurs  in  a  large  artery  with  no  external  wound,  the  blood 
spreads  through  the  tissues,  forming  an  arterial  hematoma,  and  the 
bleeding  internally  is  controlled  only  by  the  pressure  of  the  surround- 
ing tissues.  A  large  ill-defined  swelling  forms,  giving  rise  to  great 
pain,  and,  if  it  continues,  the  limb  becomes  cold,  swollen,  numb,  and 
pulseless.  There  is  usually  no  pulsation  in  the  swelling.  The  diag- 
nosis in  these  cases  rests  frequently  between  a  ruptured  vessel  and  a 
deep  abscess  and  is  often  very  obscure,  and  aspiration  may  be"  necessary 
in  case  of  doubt.  If  rupture  of  a  large  blood-vessel  takes  place  into 
one  of  the  large  cavities  of  the  body,  fatal  hemorrhage  is  almost  inevi- 
table. 

The  treatment  in  these  cases  varies  according  to  the  character  of 
the  injury,  the  magnitude  of  the  hemorrhage,  its  location,  and  the  age 
and  condition  of  the  vessels  of  the  patient.  If  the  injury  is  of  such  a 
character  that  it  is  believed  that  a  large  vessel  has  been  torn  across,  an 
incision  should  be  made,  the  blood  evacuated,  and  the  torn  vessel 
ligated.  This  is  equally  true  if  the  hemorrhage  into  the  surrounding  parts 
is  increasing.  If,  however,  the  patient's  vessels  are  seriously  diseased 
by  endarteritis  or  atheroma,  it  may  be  difficult  to  find  a  place  to  secure 
the  artery.  General  atheroma  is  a  contra-indication  to  any  operation 
in  these  cases.  Ordinarily  the  limb  should  be  carefully  supported  on 
a  pillow,  wrapped  in  sheet-wadding  and  kept  warm,  and  watched.  If 
the  swelling  increases  there  is  danger  of  gangrene,  and  an  operation 
may  be  advisable.  Rupture  of  diseased  arteries  from  aneurysm  results 
in  nothing  different  from  simple  traumatic  rupture  unless  it  occurs  into 
one  of  the  large  cavities  of  the  body,  in  which  case  there  is  usually  a 
fatal  hemorrhage. 

A  traumatic  aneurysm  differs  from  an  arterial  hematoma  in  the 
fact  that  all  the  coats  of  the  vessel  are  not  ruptured.  The  remaining 
uninjured  coats  being  insufficient  to  withstand  the  blood-pressure,  the 
vessel  gradually  stretches  and  gives  way  at  the  weakened  point,  and 
an  aneurysmal  sac  is  formed.  The  symptoms,  treatment,  and  progress 
of  a  traumatic  aneurysm  arc  identical  with  those  of  an  ordinary  aneu- 
rysm. A  traumatic  aneurysm  may  be  distinguished  from  an  arterial 
hematoma  by  its  distinct  outlines,  by  its  pulsating  character,  and  by 
the  presence  of  the  normal  pulse  in  the  limb. 

Rupture  of  a  vein  often  occurs  as  the  result  of  traumatism  to  a 
varicose  vein.  When  the  rupture  is  subcutaneous  a  z'cnous  hematoma 
forms,  often  of  considerable  size  and  just  beneath  the  skin.  Usually, 
however,  the  hemorrhage  ceases,  owing  to  the  low  blood-pressure  in 
the   veins,  before    the    amount  of  extravasation  becomes    dangerous. 
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The  cxtravasatcd  blood  is  gcnt-rnlly  nbs'.)rbciJ.  Not  infrequently,  how- 
ever, owing  to  the  low  slate  of  ilu:  vitality  ufthc  [laticiit  and  the  ten- 
sion on  the  skin,  the  extravasation  is  followed  by  inflammation  and 
suppuration.  Where  this  occurs  there  is  increased  pain,  with  redness 
and  swelling.  In  Mich  cases,  where  it  is  clearly  determined  that  inflam- 
mation has  taken  jtlace.  an  early  iiicisioti  sluiuUI  be  made,  the  bhiod- 
clot  turned  out,  and  the  wound  }wcked  with  ituioforni  gauze.  Open 
ruptures  of  the  vein  shoiiKI  be  controlled  by  elevating  the  limb  and 
applying-  pad-pressure  to  the  point  of  rupture,  under  antiseptic  pre- 
cautions. 

Repair  of  Arteries  and  Veins. — When   an   artery  is    divided  sub- 
cutaneously  there  is  always  a  considerable  hemorrhage,  with  a  collec- 
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Fig,  441, — Femornl  irtrry  of  rii.in  tlir^-i-  rii>'i:l..  ,\i  1  t,j'_i'_  fj:  j.\.i_I  pnd,  temiinatlon 
of  h«alin)E  pfnc««».  Ttio  i;>(;jlrix.  Luniposcd  farily  il  niuicular  cvUi,  is  pcnt^trated  by  a  mall 
vcuel.     Hclow  I*  the  fikraus  tluue  which  unim  the  ptoximal  Id  ihi-  dijilal  rntl  (Watfren). 

tion  of  blood-clot  outside  and  inside  the  ruptured  vessel-  If  there  is 
no  open  wounii,  the  clot  graduallj'  becomes  absorbed  and  granulation- 
tissue  takes  its  place.  Where  the  divided  vessel  is  large  and  the 
wound  involves  only  a  part  of  its  wall,  the  granulation-tissue  eventually 
becomes  connective  tissue  and  forms  a  cicatrix.  This  cicatrix  is  seldom 
sufficiently  firm  to  withstand  the  blood-pressure,  and  an  ancur\*sm  is 
likely  to  form  at  the  injured  point.  When  the  artery  is  completely 
ruptured  or  when  the  vessel  is  firmly  ligatcd,  the  blood  in  the  injured 
ends  coagulates,  fonning  what  is  known  as  a  thrombus  (.see  Kig.  38, 
page  138).     This  thrombus  extends  from  the  |)oinl  of  interruption  in 
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the  vessel  in  both  directions— ^roximaiiy  to  the  nearest  branch  given 
off,  and  distally  but  a  short  distance.  This  thrombus 'formation  takes 
place  in  any  vessel  whenever  the  normal  integrity  of  its  epithelial  lin- 
ing is  in  any  way  impaired.  After  the  thrombufl  is  formed,  it  undergoes 
a  change  which  consists  of  the  gradual  siipphnting  of  the  thrombus 
by  cellular  infiltration,  by  the  formation  of  granulation-tissue  and  of 
blood-vessels  which  penetrate  the  thrombus  in  all  directions.  This 
finally  becomes  connective  tissue  and  completely  replaces  the  throm- 
bus. In  this  way  is  formed  the  cicatrix  which  successfuHy  clones  the 
vessel  (Fig.  441).  The  replacement  of  the  thrombus  by  connective 
tissue  is  largely  accomplished  by  a  proliferation  of  thd  endothelial  cells 
of  the  inttma,  and  the  time  required  for  the  completion  of  the  process 
in  the  vessel  varies  greatly  with  the  size  of  the  vessel  and  with  tlie 
power  of  repair  possessed  by  the  individual.  The  same  process  of 
repair  occurs  in  tjie  veins  as  in  the  arteries,  but  in  the  veins  thronnbi 
form  more  easily  and  are  more  extensive  than  in  arteries. 

raSEASES  AND  INFIAMBSATORY  CHANGES  OF  THE  BLOCXXVBS88LS. 

Arteritis  is  a  distinct  form  of  inflammation  which  involves  all 
three  coats  of  the  wall  of  an  artery. 

Acute  arteritis  may  occur  as  a  primary  aflection.  as  the  result  vH 

an  injury  or  of  direct  bacterial  infection;  it  may  be  secondary  to  a 

septic  thrombosis  or  embolism  forming  or  lodging  in  an  artery,  or 

to  the  existenix  of  inflammatory  disease  in  the  surrounding  tissues. 

Acute  arteritis  in  die  course  of  inflaeiua  sod  after  other  acute  iofective  rlinf  wri, 
notably  typhoid  fever,  ia  oot  infreqaeat      It  involves  especially  the  arteries  of  one  or 

both  legs. 

Traumatic  Arteritis. — This  is  the  most  simple  form  of  inflamma- 
tion, and  arises  from  the  ligation  of  a  vessel,  or  alter  wounds  or  bruises, 
or  following  the  lodgement  of  non-infective  emboli.  The  small  con- 
tiguous vessels  dilate,  lymph  is  poured  out  into  the  adjacent  tissues, 
and  granulation-  and  connective  tissue  form,  resulting  in  a  cicatrix  in 
the  wall  of  the  vessel. 

Suppurative  arteritis  commonly  begins  in  the  intima  from  the 
presence  of  an  infected  embolus,  or  it  may  occur  as  a  peri-arteritis,  in 
which  case  organisms  must  be  brought  to  the  vessel  by  lymphatics  or 
must  have  entered  through  a  wound.  Septic  emboli  lodging  in  a 
vessel  produce  a  very  acute  arteritis,  with  rapid  ulceration  and  destruc- 
tion of  the  vessel-wall.  This  occurs  during  the  course  of  an  ulcerative 
endocarditis.  When  the  suppurative  arteritis  begins  in  the  adventitia 
the  course  of  the  process  is  much  slower,  and  the  vessel  often  gradu- 
ally ulcerates  through  or  becomes  weakened  and  gives  way.  This  is 
probably  partly  due  to  the  fact  that  the  outer  coat  of  the  artery  is 
more  resistant  than  many  tissues,  and  partly  because  septic  emboli 
contain  more  virulent  organisms.  Hemorrhage  of  an  alarming  nature 
rarely  takes  place  as  an  immediate  result  of  this  process,  but  death 
results  from  the  constitutional  infection  which  gives  rise  to  the  septic 
emboli. 

There  are  many  constitutional  diseases  and  conditions — for  example, 
rheumatism,  gout,  syphilis,  and  alcoholism — which  favor  the  formation 
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of  chronic  arteritis.  The  results  of  chronic  arteritis  in  the  vessels 
themselves  arc  fatty  degeneration,  calcificaiion,  gumniata  (occasionally 
resulting  in  ulct-ralion),  suppuration,  occlusion,  dilatation,  aneurysm, 
and  ruiJturc  ^i^  itur  vessel-wall. 

Atheroma. —  Ihc  most  frequent  result  of  arteritis  is  atheroma ;  it 
is  a  very  common  condition  in  late  adult  life,  but  rarely  j^vcs  rise  to 
symptoms.  It  often  exists  for  a  long  time  before  it  bectimes  evident, 
and  probably  begins  between  thirty  and  forty  years  of  age,  es|)ccially 
in  those  aihlicled  to  the  abuse  of  alcohol.  The  places  in  which  we 
find  atheroma  are  those  [>ortIons  of  the  large  vessels  whirli  are  sub- 
jected to  the  greatest  strain;  as,  for  example,  the  arch  of  (he  aorta. 
the  convex  portions  of  the  cun,'e  in  vessels,  the  points  of  division  of 
arteries,  and  at  the  origin  of  branches.  Atheromatous  arteries  nccur 
more  commonly  in  plethoric  persons  of  a  gouty  or  rheumatic  diathesis, 
in  those  with  renal  or  cardiac  disease,  and  tn  alcoholic  and  venereal 
patients.  The  disease  may  occupy  successive  segments  of  the  vessel 
or  it  may  occur  in  large  or  small  patches,  \-ariously  scattered  about. 
It  is  first  seen  in  the  intima  of  the  vessel  as  yellowish-gray  shining 
spots,  slightly  raised  above  the  surface.  The  spots  increase  in  size, 
often  coalesce,  and  then  become  more  yellow  and  distinctly  elevated. 
This  yellow  exudate,  which  occurs  beneath  the  inlima,  is  gradually 
replaced  by  a  deposit  of  lime  salts.  Then  the  muscle-fibers  begin  to 
waste,  and  the  vessel  loses  its  elasticity  and  becomes  rigid.  Athero- 
matous arteries  arc  stiff  and  inelastic,  and  the  parts  they  supply  arc 
cold,  congested,  and  badly  nourished,  If  the  salts  are  deposited  in 
successive  rings  round  the  artery,  it  is  known  as  annular  calcifica- 
tion ;  if  in  patches,  it  is  called  laniinnr  calcification.  The  vessels  most 
commonly  attacked  by  atheroma  arc  the  aorta,  the  iliac,  femoral,  cor- 
onary, and  radial  arteries.  The  presence  of  atheromatous  blooil-vessels 
should  not  he  overlooked  in  deciding  a;s  to  the  advisability  of  an  oper- 
ati<m.  for  it  is  we!!  known  that  the  loss  of  elasticity  in  the  hlood-ves.scl 
may  prodiic  tlirombn^jv;,  embolism,  aneurysm,  or  apoplexy. 

Arteritis  deformans  is  the  name  given  t<i  a  condition  which  is  the 
result  of  atheroma,  in  which  extensive  dilatation  and  |jouching  of  the 
walls  occur.  In  the  dilated  portions  the  media  has  uii<lergonc  exten- 
sive fatty  degeneration,  while  the  calcareous  matter  is  fijund  to  be  most 
abun<lant  in  ttiose  parts  of  the  vessel-wall  which  are  the  least  dilated. 

Endarteritis  obliterans  is  one  vii  the  evil  results  of  chronic  arteritis, 
and  consists  of  the  pernianetit  ncclusion  of  the  lumen  of  the  vessel. 
The  process  begins  with  a  cellular  infiltration  of  the  intinia,  which  sul>- 
sequcntly  becomes  changed  into  connective  tissue.  The  media  may 
also  become  involved  (Fig.  443).  Infiltrations  of  the  walls  of  the  vessel 
occur  in  syphilitic  and  tubercular  inflammation.  Gangrene  of  the 
lurt  may  4n:cur  from  endarteritis  nbliterans. 

Syphilitic  arteritis  is  a  special  form  i-ii  the  disease,  especially  dan- 
gerous in  that  its  most  serious  lesions  are  found  in  the  vessels  of  the 
brain.  The  arteries  of  small  caliber  and  the  aorta  arc  most  frequently 
involved.  The  process  consists  of  cctl-infiltration  into  the  intima,  and 
the  lumen  of  the  vessel  may  be  partially  or  completely  occluded^ 
resulting  in  endarteritis  obliterans. 

Rheumatic  arteritis  occurs  associated  with  acute  rheumatism,  and 
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tin:  v.-.irl   in  both  directions — proximally  to  the  nearest  !■ 
oCf,  a:i<]  <iisl;iliy  hut  ;i  short  distance.     This  thrombus-fon 
(il.ir  (•   ill   any  virssel  whenever  the  normal  integrity  of  its  . 
in;;  i  •  in  ;iny  way  ini[Kiireti.     After  the  thrombus  is  formed. 
a  I  haji[;c  which  consists  of  the  jjratlual  supplanting  of  ' 
by  (1  Ihilar  infiltration,  by  the  formation  of  granulation 
bliMKJ  vrssris   which  penetrate  the  thrombus  in  all  dir< 
fni.illy  bfconies  connective  tissue  and  completely  repla 
liiis.      In  this  way  is  fonneti  the  cicatrix  which  succes- 
vi-,sscl  (l'*ig.  441).     The  replacement  of  the  thrombu 
tivMu-  is  largely  accomplished  by  a  proliferation  of  thi: 
of  the  inlima,  and  the  time  retpiired  for  the  completi- 
in   the   vessel  varii-s   greatly  with  the  size  of  the  vc 
pinvcr  of  repair  possesseil  by  the  individual.     The 
repair  ocrurs   in  the  veins  as  in  the  arteries,  but  in 
liirm  more  easily  and  are  more  extensive  than  in 

niSKASKS  AND  INFLAMMATORY  CHANGES  OF  T 

Arteritis  is  a  distinct  form  of  infiammatio 
thu-e  toals  of  the  wall  of  an  arterj'. 

Acute  Arteritis  may  (Hcur  as  a  primary  affi 
.in   niiiiiy  or  of  direct  Uicterial   infection;    it  r 
scpii*'   ilnombosis  or  embolism  forming  or   lo 
(ti  ihe  t'xisience  of  inll.mmuitoni'  disease   in  t 

\>  till'  .iiU'iiii->    in    lite    t^>iii'M'    i>r  ii)t)uvii/a    ami    aftei 
11. 'nl''!  ui'li.'i.i    iiAi-i,  I*   iiin    ini'iisiut-nt.       It  involves  i- 
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Anatomy  of  the  Veins. — The  veins,  like  the  arteries,  have  three 
distinct  coats :  The  ultima  corresponds  to  and  is  a  continuation  of  the 
Uning  of  the  arteries ;  the  media  is  made  up  of  longitudinal  and  clastic 
fibers;  and  the  advet/iifia  consists  largely  of  areolar  tissue.  The  thin- 
ness of  the  walls  of  the  veins  as  compared  with  those  of  the  arteries  is 
the  main  difference  between  them,  and  this  is  especially  so  in  the  mus- 
cular coat.  For  this  reason  the  veins  lack  firmness  and  contractility, 
and  the  absence  of  elasticity  is  the  reason  they  do  not  pape  open  when 
divided.  The  thinness  of  the  walls  of  the  veins  renders  them  pecul- 
iarly liable  to  distention  and  stretching,  and  to  compensate  for  this 
lack  of  elasticity  and  to  assist  in  supporting  the  column  of  blood  they 
arc  provided  with  valves,  which  are  especially  useful  in  the  lower 
extremitiL's. 

Phlebitis. — An  inflammation  of  all  the  structures  which  go  to 
make  up  the  wall  of  a  vein  is  termed  phlebitis.  Clinically,  however, 
phlebitis  and  peri-phlebitis  are  the  only  forms  of  the  disease  which 
can  be  recognized,  and  even  that  distinction  is  not  always  possible. 
Phlebitis  may  be  acute,  subacute,  or  chronic,  and  it  occurs  more  fre- 
quently than  arteritis.  It  is  usually  confined  to  a  single  vein  in  contra- 
distinction to  inflammation  of  the  arteries,  where  usually  a  large  number 
of  vessels  are  involved.  The  vein  may  be  inflamed  throughout  its  whole 
length  or  only  for  a  .short  distance.  Acute  phlebitis  may  be  simple, 
plastic,  or  purulent  Simple  acute  phlebitis  may  be  due  to  a  number 
of  constitutional  diseases,  such  as  rheumatism,  gout,  or  syphilis,  or  it 
may  occur  in  some  infectious  process,  as.  for  example,  typhoid  fever  or 
the  puerperal  state.  It  may  also  be  due  to  traumatism,  as  in  ligation; 
it  often  arises  from  a  thrombus,  an  embolus,  or  the  extension  of  an 
external  inflammatory  process. 

Suppurative  phlebitis  usually  occurs  in  the  perivascular  tissue,  and 
is  due  to  a  simple  phlebitis  having  become  infected.  It  is  seen  in  the 
sinuses  of  the  mastoid,  and  occasionally  occurs  in  cellulitis  and  in 
phlegmonous  erysipelas. 

Subacute  and  chronic  phlebitis  are  often  associated  with  varicose 
veins,  or  they  may  occur  in  the  course  of  some  consritutional  dyscrasia, 
such  as  syphilis.  Thi.s  form  of  the  disease  usually  attacks  the  outer 
coat  of  the  vein,  and  Is  termed  a  periphlebitis.  There  is  thickening  of 
the  walls  of  the  vessel  from  the  deposit  of  fibrinous  material.  It  is 
naturally  much  less  dangerous  than  an  acute  phlebitis.  In  phlebitis  the 
coats  become  edematous  and  infiltrated  with  a  serous  exudiite  and  with 
celts,  and  the  walls  become  thickened  and  more  vascular.  When  ao 
inflammatory  process  begins  to  attack  the  intima  and  affects  the  endo- 
thchal  lining,  the  formation  of  a  thrombus  begins.  On  the  other  hand, 
the  thrombus  may  be  primary  and  give  rise  to  the  foregoing  process. 
The  effect  is  the  same  in  either  case.  If  the  inflammation  subsides 
without  suppuration,  the  exudate  becomes  partially  ahsorlR*d  and  i>ar- 
tially  converted  into  fibrous  tissue,  but  leaves  a  jiermanent  thickening 
of  the  vessel-wall.  The  thrombus,  which  may  or  may  not  completely 
occlude  the  vessel,  may  be  absorbed  or  organized.  Subsequently  the 
lumen  of  the  vein  tends  to  regain  its  normal  size  and  appearance  as 
the  clot  becomes  absorl>ed  or  orgimized.  Primary  thrombi  are  apt  to 
develop  in  the  veins,  in  the  vicinity  of  the  valves,  on  account  of  tlic 
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sluggish  current  at  these  points,  and  naturally  at  this  point  the  lodge- 
ment of  micro-organisms  may  take  place.  In  suppurative  phlebitis,  if 
the  lumen  of  the  vein  is  completely  occluded,  disintegrated  products  of 
the  inflammation  are  prevented  from  being  swept  into  the  circulation. 
If,  on  the  other  hand,  the  vein  is  not  occluded  or  the  thrombus  itself 
undergoes  degeneration,  suppurating  masses  containing  micro-organ- 
isms are  carried  by  the  circulation  to  various  parts  of  the  body  and 
result  in  metastatic  abscesses. 

Symptoms. — The  symptoms  of  phlebitis  differ  more  or  less  with 
the  cause  of  the  disease.  In  the  acute  form  the  constitutional  disturb- 
ance is  marked.  There  are  apt  to  be  chills,  high  temperature,  rapid 
pulse,  severe  pain,  a  dry,  coated  tongue,  restlessness,  and  delirium. 
There  are  usually  severe  pain  and  tenderness  along  the  course  of  the 
affected  vein.  The  more  superficial  veins  may  be  felt  as  small,  hard, 
knotted  cords.  The  veins  are  distended,  giving  rise  to  mottling  of 
the  skin.  If  thrombi  exist  in  the  veins,  especially  in  the  deep  ones, 
there  is  usually  sufficient  disturbance  in  the  circulation  to  produce 
edema  of  the  involved  part.  When  the  femoral  or  iliac  veins  are 
involved  the  disease  is  known  as  phlegmasia  alba  dolens  (*'  milk-leg  "). 
In  the  suppurative  forms  of  the  disease,  if  the  infection  is  general,  there 
are  usually  associated  symptoms  of  septicemia.  In  the  subacute  and 
chronic  forms  of  phlebitis  the  pain  and  tenderness  are  less  marked  and 
more  circumscribed.  Pulse  and  temperature  are  lower,  delirium  and 
chills  are  absent.  The  chronic  form  of  the  disease  often  accompanies 
varicose  veins  of  the  leg,  which  usually  remain  quiet  if  properly  sup- 
ported; but  owing  to  the  defective  circulation  in  the  limb,  a  subacute 
process  is  easily  lighted  up  by  a  strain,  a  blow,  or  any  unusual  amount 
of  exercise.  Phlebitis  may  be  mistaken  for  lymphangitis,  neuritis,  neu- 
ralgia, or  rheumatism.  In  lymphangitis  the  skin  is  a  brighter  color, 
and  there  are  often  narrow  reddened  streaks  running  up  the  limb  as 
the  result  of  the  infection.  In  neuritis  and  neuralgia  the  pain  is  apt  to 
occur  in  paroxysms,  but  is  not  associated  with  superficial  redness  nor 
with  heat.  There  is  also  less  tenderness  in  neuritis  and  neuralgia  than 
in  phlebitis.  Rheumatism,  however,  may  often  be  differentiated  only 
by  treatment.  In  phlebitis  the  pain  is  usually  increased  by  motion, 
and  when  the  limb  is  allowed  to  hang  down,  the  pain  and  throbbing 
are  greatly  increased.  Gouty,  rheumatic,  or  syphilitic  phlebitis  can  be 
distinguished  only  by  the  historj'  of  tlie  case. 

Treatment  of  phlebitis  consists  in  putting  the  patient  to  bed  and 
giving  absolute  rest  to  the  invch'ed  part.  This  is  imperative  in  order 
that  the  danger  from  thrombosis  may  be  minimized.  If  the  thrombus 
should  separate  and  cause  an  embolus,  it  may  end  in  immediate  death. 
The  limb  should  be  elevated,  as  this  position  favors  the  venous  circu- 
lation, relieves  the  tension  in  the  part,  and  prevents  pain  and  throbbing. 
A  large  flaxseed-nical  poultice  should  en^'clop  the  whole  limb,  and 
should  be  changed  every  two  hours,  if  neccssar>'.  It  gives  the  most 
satisfactory  relief  to  the  pain  of  an  acute  inflammation.  Hot  fomen- 
tations, evaporating  lotions,  lead-and-opium  wash,  opium  and  bella- 
donna, and  solutions  of  nitrate  of  silver  arc  all  recommended  for  exter- 
nal application,  and  are  useful  in  the  management  of  chronic  cases.  In 
acute  cases  the  patient's  physical  condition  may  be  seriously  involved. 
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In  order  lo  sustain  the  system  forced  feeding,  if  necessary,  tojjcthcr 
rt'ith  the  administration  of  stimulants,  should  be  used.  Quinin,  iron, 
and  saline  cathartics  are  all  indicated.  Naturally,  if  the  condition  is 
due  lo  syphilis,  specific  treatment  should  be  tried,  and  it  is  often  neces- 
sary to  administer  potassium  iodld  freely  and  for  a  long  time  before 
any  improvement  occurs.  The  same  is  true  of  tJie  gouty  or  rhc:iimatic 
type  of  the  disease,  for  which  appropriate  treatment  must  al.so  be  given. 
The  type  of  the  disease  that  occurs  in  .stout,  plethoric  men  uho  arc 
hcart>'  livers  is  peculiarly  difficult  to  control.  They  should  be 
restricted  to  a  light  diet,  all  stimulants  prohibited,  and  the  emunc- 
tories  kept  free.  Massage  should  be  entirely  avoided,  as  there  is 
danger  of  an  cmbokis  sep-irating  from  a  thrombus.  Even  when  skil- 
fully rniplnyft.1.  it  has  been  known  to  stir  up  .1  chronic  phlebitis  to  an 
acute  form.  The  patient  should  be  kept  in  bed  for  many  weeks  after 
all  jjain  and  tenderness  have  disappeared.  At  first,  gentle  passive 
motions  are  to  be  uMuwed,  and  then  the  patient  niay  be  up  on  crutches 
At  this  time  the  limbs  should  be  ciirefiilly  baiulage<l  with  a  flannel 
bandage,  with  moderately  Rrm  pressure.  In  the  convalescent  sta^e 
electricity  may  be  used  in  restoring  the  strength  to  the  atrophied 
muscles,  and  its  use  may  be  combined  with  controlled  massaj^e.  In 
case  of  suppurative  phlebitis  with  marked  locidized  swelling  and  red- 
ness, where  there  is  thought  to  be  danger  of  abscess-formation,  early 
incisions  untler  antiseptic  precautions  arc  very  imptirtant.  By  this 
means,  if  the  thmmhus  which  exists  in  the  vein  is  not  already  invaded, 
or  even  if  it  is  involved,  septic  emboli  and  pyemia  may  be  prevented. 
Hrilliant  results  arc  obtained  in  suppunitivc  otitis  media,  with  throm- 
bosis of  the  lateral  sinus,  by  early  trephining  of  the  mastoid.  Occa- 
sionally cases  of  suppurative  phlebitis  have  been  successfully  treated 
by  excising  the  involved  vein,  and  there  can  be  but  little  doubt  that  it 
is  a  justifiable  operation  lo  ligalc  the  cardiac  end  of  a  vein  filled  with  a 
septic  Ihrombiis. 

Thrombosis  is  the  process  of  coagulation  nf  the  blood,  during  life, 
in  the  interior  of  the  heart  or  a  blood-vessel.  The  clot  which  forms  is 
a  thrombus,  and  is  due  to  some  interruption  in  the  blood-current  at  a 
definite  point.  This  is  frequently  due  lo  a  thickem'ng  of  the  endothe- 
lial lining  of  the  vessel  at  the  point  where  the  thrombus  is  formed. 
A  ligature,  phlebitis,  or  varicose  veins  arc  the  most  common  causes 
of  thrombi.  Acute  rheumatism,  syphilis,  continued  infectious  fevers, 
or  surgical  shock  where  the  heart  is  extremely  weak,  all  favor  the 
formation  of  thrombi.  The  local  injury  which  occurs  in  the  endothe- 
lial lining  of  the  vessel  may  be  due  to  a  simple  blow  or  pressure,  to 
the  presence  of  foreign  bodies,  or  to  any  of  the  inflammatory  diseases. 
Thrombi  which  are  found  during  life  are  distinguished  from  clots 
which  form  in  the  vessel  after  dc;ith  by  their  greater  consistency  and 
greater  adherence  to  the  vessel-wall.  The  adherence  of  the  thrombus 
may  be  due  to  simple  fibrin,  or  there  may  be  definite  tissue-formation 
between  the  thrombus  and  the  vessel-wall.  Thrombi  may  or  may  not 
occupy  the  whole  lumen  of  the  vessel.  They  are  usually  whitish  in 
color,  arc  cone-shaped,  and  project  hkc  a  polypus  in  the  direction  of 
the  blofxl -current.  Thrombi  are  designated  as  :rm>its  and  arterinl, 
according  to  their  location.     Arterial  ift  less  common  than   venous 
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thrombosis.  Thrombi  are  also  designated  as  red,  white,  and  mixe 
thrombi,  according  to  their  color  and  composition,  ana  as  infectiv 
or  non-infective,  according  to  their  pathogenic  character.  The  infe( 
tive  and  non-infective  thrombi  form  in  precisely  the  same  way,  but  th 
infective  thrombi  contain  bacteria  which  produce  a  purulent  softenin 
of  the  thrombus,  so  that  it  becomes  a  soft,  friable  mass,  which  ma 
break  up  and  enter  the  circulation  in  the  form  of  septic  emboli,  a 
non-infective  thrombus  undergoes  several  changes  after  its  formatioi 
and  in  the  course  of  time  it  becomes  firm  and  hard.  In  its  interio 
especially  In  the  larger  thrombi,  there  may  occur  a  non-septic  softenin 
caused  by  the  breaking  down  of  the  cells.  Occasionally  a  thrombi 
may  undergo  a  complete  absorption  and  entirely  disappear,  or  it  ma 
become  organized  into  connective  tissue.  This  is  known  as  organize 
tion  of  the  thrombus,  and  it  is  due  to  gradual  cellular  infiltration  an 
the  growth  of  connective  tissue  from  the  wall  of  the  vessel.  A  thron" 
bus  may  become  calcified  by  the  deposition  of  lime  salts,  and  it  is  the 
known  as  a  phlebolith. 

The  symptoms  of  thrombosis  may  be  relatively  slight  until  th 
thrombus  reaches  sufficient  size  to  interfere  with  the  blood-curren 
Then  there  suddenly  occurs  severe  pain  in  the  part,  which  ts  greatl 
increased  upon  motion  or  when  the  part  is  in  a  dependent  positioi 
Acute  tenderness  or  induration  occurs  along  the  vessel;  edema  of  th 
extremities  with  local  redness  and  swelling  is  a  part  of  the  proces 
There  is  found  considerable  constitutional  disturbance,  with  high  ten 
perature  and  a  rapid  pulse.  Thrombi  more  frequently  occur  in  th 
vessels  of  the  extremities. 

The  treatment  of  thrombosis  is  of  necessity  expectant.  Absolu) 
quiet,  in  order  to  promote  absorption  of  the  clot  and  to  prevent  detaci 
ment  of  the  thrombus,  is  imperative.  Rest  should  be  insisted  upo 
until  all  acute  symptoms  have  subsided,  when  the  thrombus  will  eith( 
have  been  absorbed  or  have  become  attached  to  the  vessel-wall,  an 
the  danger  of  embolism  will  have  been  reduced  to  a  minimum.  Th 
limb  should  be  elevated  to  relieve  congestion  and  to  favor  the  retur 
of  circulation.  Large  flaxseed  poultices  should  be  kept  applied  to  tl; 
limb,  or  the  limb  may  be  carefully  bandaged  outside  of  a  thick  layer  c 
cotton  wadding.  The  employment  of  massage,  blisters,  iodin,  and  a 
counterirritant  measures  is  to  be  carefully  avoided  in  the  acute  stag( 
of  the  process. 

Hmbolistti. — An  embolus  may  be  derived  from  a  number  of  diffe 
ent  sources — for  example,  from  a  disorganized  thrombus,  from  calc; 
rcous  and  caseous  deposition  in  the  cardiac  valves,  from  malignai 
growths,  all  of  which  may  become  detached  and  swept  into  the  circi 
lation.  Occasionally,  fat  or  air  may  accidentally  be  introduced  into  tl 
circulation  and  act  as  an  embolus.  The  place  where  the  embolus  lodg< 
depends  upon  its  size  and  its  point  of  origin  :  those  which  come  froi 
the  left  side  of  the  heart  lodge  in  the  arterial  system,  while  those  whic 
separate  from  a  thrombosis  of  a  vein  are  carried  to  the  pulmonai 
arteries.  They  are  lodged  at  a  point  where  the  size  of  the  blood-vess 
does  not  permit  them  to  advance  further — generally  where  the  larj 
branches  are  given  off,  as  there  the  vessels  are  apt  to  be  diminished 
size  considerably.     If  the  embolism  obstructs  and  occludes  one  of  tl 
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large  branches  of  the  pulmonary  artery  or  the  niidtlle  cerebral  arteiy, 
instant  tk\it]i  usu.illy  takes  place.  Emboli  may  undergo  the  same 
changes  as  thrombi — ihat  is  to  say,  they  may  be  absorbed,  organized, 
or  softened.  An  occliiding  embolus  in  a  healthy  and  weU-nourished 
individual  may  occaaion  only  temporary  and  local  disturbance,  as  the 
coll.it-Lral  circulation  may  fitrnisJi  a  sufficient  blood-supply  to  the  part. 
,&uUiuii  utelusion  of  a  large  and  important  vessel,  such  ;is  the  femoral 
-^  '  -         '     '      '■"■  '  ■'  ''■cqucntly 
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thrombosis.  Thrombi  are  also  designated  as  red,  white,  and  mixed 
thrombi,  according  to  their  color  and  composition,  ana  as  infective 
or  non-infective,  according  to  their  pathogenic  character.  The  infec- 
rive  and  non-infective  thrombi  form  in  precisely  the  same  way,  but  the 
infective  thrombi  contain  bacteria  which  produce  a  purulent  softening 
of  the  thrombus,  so  that  it  becomes  a  soft,  friable  mass,  which  may 
break  up  and  enter  the  circulation  in  the  form  of  septic  emboli.  A 
non-infective  thrombus  undei^oes  several  changes  after  its  formation, 
and  in  the  course  of  time  it  becomes  firm  and  hard.  In  its  interior, 
especially  in  the  lai^er  thrombi,  there  may  occur  a  non-septic  softening 
caused  by  the  breaking  down  of  the  cells.  Occasionally  a  thrombus 
may  undergo  a  complete  absorption  and  entirely  disappear,  or  it  may 
become  organized  into  connective  tissue.  This  is  known  as  or^niza- 
tion  of  the  thrombus,  and  it  is  due  to  gradual  cellular  infiltration  and 
the  growth  of  connective  tissue  from  the  wall  of  the  vessel.  A  throm- 
bus may  become  calciBed  \x^  the  deposition  of  lime  salts,  and  it  is  then 
known  as  a  phlebolith. 

The  symptmns  of  thrombosis  may  be  relatively  slight  until  the 
thrombus  reaches  sufficient  size  to  interfere  with  the  blood-current 
Then  there  suddenly  occurs  severe  pain  in  the  part,  which  is  greatly 
increased  upon  motion  or  when  the  part  is  in  a  dependent  position. 
Acute  tenderness  or  induration  occurs  along  the  vessel ;  edema  of  the 
extremities  with  local  redness  and  swelling  is  a  part  of  the  process. 
There  is  found  considerable  constitutional  disturbance,  with  high  tern- 
perature  and  a  rapid  pulse.  Thrombi  more  frequently  occur  in  the 
vessels  of  the  extremities. 

The  treatment  of  thrombosis  is  of  necessity  expectant  Absolute 
quiet,  in  order  to  promote  absorption  of  the  clot  and  to  prevent  detach- 
ment of  the  thrombus,  is  imperative.  Rest  should  be  insisted  upon 
until  all  acute  symptoms  have  subsided,  when  the  thrombus  will  either 
have  been  absorbed  or  have  become  attached  to  the  vessel-wall,  and 
the  danger  of  embolism  will  have  been  reduced  to  a  minimum.  The 
limb  should  be  elevated  to  relieve  congestion  and  to  favor  the  return 
of  circulation.  Large  flaxseed  poultices  should  be  kept  applied  to  the 
limb,  or  the  limb  may  be  carefully  bandaged  outside  of  a  thick  layer  of 
cotton  wadding.  The  employment  of  massage,  blisters,  iodin,  and  all 
counterirritant  measures  is  to  be  carefully  avoided  in  the  acute  stages 
of  tlie  process, 

Embolism. — An  embolus  may  be  derived  from  a  number  of  differ- 
ent sources — for  example,  from  a  disorganized  thrombus,  from  calca- 
reous and  caseous  deposition  in  the  cardiac  valves,  from  malignant 
growths,  all  of  which  may  become  detached  and  swept  into  the  circu- 
lation. Occasionally,  fat  or  air  may  accidentally  be  introduced  into  the 
circulation  and  act  as  an  embolus.  The  place  where  the  embolus  lodges 
depends  upon  its  size  &nd  its  point  of  origin :  those  which  come  from 
the  left  side  of  the  heart  lodge  in  the  arterial  system,  while  those  which 
separate  from  a  thrombosis  of  a  vein  are  carried  to  the  pulmonary 
arteries.  They  are  lodged  at  a  point  where  the  size  of  the  blood-vessel 
docs  not  permit  them  to  advance  further — generally  where  the  large 
branches  are  given  off",  as  there  the  vessels  are  apt  to  be  diminished  in 
size  considerably.     If  the  embolism  obstructs  and  occludes  one  of  the 
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large  brandies  of  the  pulmonary  artery  or  the  middle  cerebral  artery, 
instant  death  usually  takes  plact\  Kmholi  may  iimlcrgo  the  sainc 
chanj^cs  as  thrombi — that  is  to  say,  they  may  be  absorbed,  or{^anized. 
or  softened.  An  occluding  embolus  in  a  healthy  and  well-nourished 
individual  may  occasion  only  temporary  and  local  disturbance,  as  the 
collateral  circuhilion  may  furnish  a  sufficient  blood-supply  to  the  part. 
Sudden  occhision  of  a  large  and  important  vessel,  such  as  tlie  femoral 
artei"y^  will  produce  intense  congestion,  L-denia,  gangrene,  and  frequently 
death.  If  the  embolus  is  an  infected  one,  the  organisms  which  it  con- 
tains set  up  a  purulent  necrotic  process  in  the  wall  of  the  vessel,  and 
this  is  known  as  a  secondary  abscess. 

The  symptoms  of  embolism  are  sudden  in  onset,  and  there  are  sharp 
pain  and  teiuierness  along  the  course  of  the  vessel  ;\.nd  the  parts  sup- 
plied by  it.  There  are  coldness,  numbness,  and  pallor  in  the  parts. 
The  symptoms  of  embolism  arc  similar  to  those  of  thrombosis,  except 
that  they  are  more  sudden  and  pronounced  and  much  more  serious. 

The  treatmcnit  of  embolism,  if  the  part  involved  is  a  limb,  consists 
in  rest,  elevation  of  the  limb,  and  the  application  of  warmth  to  the  part 
to  favor  the  return  of  the  circulation.  Opium  should  be  used  to  relieve 
pain,  and  a  nutritious  diet  and  a  judicious  stimulation  arc  indiaited.  If 
gangrene  occurs,  as  soon  as  a  line  of  demarcation  is  established,  the 
limb  should  be  amputated.  In  the  meantime  antiseptic  poultices  should 
be  applied  and  the  patient's  strength  supported. 

varices  or  varicose  veins  in  the  extremities  are  at  first  nothing 
but  simple  distended  veins,  which  Eater,  as  the  result  of  their  distention, 
become  elongated,  tortuous,  and  thickened.  The  same  pathological 
condition  exists  in  varicocele  and  in  hemorrhoids,  but  these  will  be  con- 
sidered under  their  separate  headings  in  another  chapter.  Varicose 
veins  in  the  extremities  are  the  result  of  a  negative  blood-pressure  in 
the  veins,  brought  about  either  by  direct  pressure  on  the  vessels  them- 
selves or  by  tht:  siniiile  weight  of  the  column  of  blood,  whicli,  not 
being  forced  along,  overcomes  the  natural  elasticity  of  t]»e  vessel-wall 
unlit  it  hecomes  dilated  and  then  stretched.  This  frequently  occurs  in 
persons  who  .stand  a  great  deal.  The  blood  is  forced  through  the 
veins  into  the  limbs  largely  bj-  the  alternate  contraction  and  expansion 
of  the  muscles  pressing  on  the  veins,  so  that  it  causes  a  venous  stasis 
in  the  legs.  OtJier  exciting  causes  are  abdominal  and  pelvic  tumors, 
effusions  into  the  peritoneal  cavity,  gravid  uterus,  tight  lacing,  garters 
arouiul  the  legs,  ami  a  weak  heart.  This  disease  occurs  most  fre- 
quently in  women  and  in  persons  who  have  reached  middle  life.  The 
varices  begin  by  the  gradual  dilatation  of  the  vein  opposite  the  valves, 
where  the  weight  of  the  column  of  blood  is  supported.  This  taking 
place  alternately  on  opposite  sides  of  the  vein  causes  it  to  lengthen, 
and  a  tortuous  vessel  results.  The  knotting  of  the  vein  is  the  result 
of  the  pouching  out  of  the  vessel  oppusite  the  valves.  Associated 
with  the  lengthening  and  pouching  of  the  vein  arc  inflammatory 
changes  in  the  wall  of  the  vessel.  As  a  result  of  this  the  walls 
become  thickened  by  the  exudation  of  inflammatory  products  and  the 
proliferation  of  connective-tissue  cells.  In  this  manner  the  localized 
attiLcks  of  phlebitis  and  {leriphlebitis  which  occur  in  connection  with 
varicose  veins  may  be  accounted  for.     Varicose  veins  are  usually  easy 
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thrombosis.  Thrombi  arc  also  designated  as  red,  white,  and  mix* 
thrombi,  according  to  their  color  and  composition,  ano  as  infective 
or  non-infective,  according  to  their  pathogenic  character.  The  infec- 
uve  and  noii-infectivc  thrombi  form  in  precisely  the  same  way.  but  the 
infective  thrombi  contain  bacteria  which  produce  a  purulent  softening 
of  the  thrombus,  so  that  it  becomes  a  soft,  friable  mass,  which  may 
break  up  and  enter  the  circulation  in  the  form  of  septic  emboli.  A 
non-infective  thrombus  undergoes  several  changes  after  iu  formation, 
and  in  the  course  of  time  it  becomes  firm  and  hard.  In  its  interior, 
especially  in  the  larger  thrombi,  there  may  occur  a  non-septic  softening 
caused  by  the  breaking  down  of  the  cells.  Occasionally  a  thrombus 
may  undergo  a  complete  absorption  and  entirely  disappear,  or  it  may 
become  organized  into  connective  tissue.  This  is  known  as  organiza- 
tion of  ttie  thrombus,  and  it  is  due  to  gradual  cellular  infiltration  and 
the  growth  of  connective  tissue  from  the  wall  of  the  vessel,  A  throm- 
bus may  become  calcitied  by  the  deposition  of  lime  salts,  and  it  is  then 
known  as  ^  phldwiith. 

The  symptoms  of  thrombosis  may  be  relatively  slight  until  tlie 
thrombus  reaches  sufficient  size  to  interfere  with  the  blood-current. 
Then  there  suddenly  occurs  severe  pain  in  the  part,  which  is  greatly 
increased  upon  motion  or  when  the  part  is  in  a  dependent  position. 
Acute  tenderness  or  induration  occurs  along  the  vessel;  edema  of  the 
extremities  with  local  redness  and  swelling  is  a  part  of  the  process. 
There  is  found  considerable  constitutional  disturbance,  with  high  tem- 
perature and  a  rapid  pulse.  Thrombi  more  frequently  occur  in  the 
vessels  of  the  extremities. 

The  treatment  of  thrombosis  is  of  necessity  expectant.  Absolute 
quiet,  in  order  to  promote  absorption  of  the  clot  and  to  prevent  detach- 
ment of  the  tlirombus,  is  imperative.  Rest  should  be  insisted  upon 
until  all  acute  symptoms  have  subsided,  when  the  thrombus  will  cither 
have  been  absorbed  or  have  become  attached  to  the  vessel-wall,  and 
the  danger  of  embolism  will  have  been  reiiuced  to  a  minimum.  The 
limb  should  be  elevated  to  relieve  congestion  and  to  favor  the  return 
of  circulation.  Large  flaxseed  poultices  should  be  kept  applied  to  the 
hmb,  or  the  limb  may  be  carefully  bandaged  outside  of  a  thick  layer  of 
cotton  wadding.  The  employment  of  massage,  blisters,  iodin,  and  all 
counterirritant  measures  is  to  be  carefully  avoided  in  the  acute  stages 
of  the  process. 

£xnboli&ni.~An  embolus  may  be  derived  from  a  number  of  difler- 
ent  sources — for  example,  from  a  disorganized  thrombus,  from  calca- 
reous and  caseous  deposition  in  the  cardiac  \'alvcs.  from  malignant 
growths,  all  of  which  may  become  detached  and  swept  into  the  circu- 
lation. Occasionally,  fat  or  air  may  aceidenlally  be  introduced  into  tlw 
circulation  and  act  as  an  embolus.  The  place  where  the  embolus  lodges 
tlepends  upon  it-;  size  and  its  point  of  origin;  those  which  come  from 
the  left  stiie  nf  the  heart  lodge  in  the  arterial  system,  while  those  which 
separate  from  a  thrombosis  of  a  vein  arc  carried  to  the  pulmonary- 
arteries.  They  arc  lodged  at  a  point  where  the  size  of  the  blood-vessel 
docs  not  permit  them  to  ad^'ance  further — generally  where  the  lai^ 
branches  are  given  off,  as  there  the  vessels  are  apt  to  be  diminished  in 
size  considemblv.     If  the  embolism  obstructs  and  occludes  one  of  the 
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large  branches  of  the  pulmonary  artory  or  the  middle  cerebral  artery, 
inst^mt  death  usually  takes  place.  Kmhnii  may  undergo  the  same 
changes  as  thrombi — ^that  is  to  say,  they  may  be  absorbed,  organized, 
or  softened.  An  occluding  embolus  in  a  healthy  and  well-nourished 
individual  may  occasion  only  temporary  and  local  disturbance,  as  the 
collateral  circulation  may  furnish  a  sufficient  blood-supply  tn  the  part. 
Sudden  occlustnn  of  a  large  and  important  vessel,  such  as  llie  femoral 
arter)',  will  produce  intense  congestion,  edema,  gangrene,  and  frequently 
death.  If  the:  embolus  is  an  infected  one,  the  organisms  which  it  con- 
tains set  up  a  purulent  necrotic  process  in  the  wall  of  the  vessel,  and 
this  is  known  as  a  secondary  abscess. 

The  Symptoms  of  embolism  are  .sudden  in  onset,  and  there  are  sharp 
pain  and  tenderriess  along  the  course  of  tht*  vessel  and  the  jwrts  sup- 
plied by  it.  There  are  coldness,  nuntbness,  and  pallor  in  the  parts. 
The  symptoms  of  embolism  are  similar  to  those  of  thrombosis,  except 
that  they  arc  more  sudden  and  pronounced  and  much  more  serious. 

The  treatment  of  embolism,  if  the  part  involved  is  a  limb,  consists 
in  rest,  elL-vation  of  the  limb,  and  the  application  of  warmth  to  the  part 
to  favor  the  return  of  the  circulation.  Opium  should  be  used  to  relieve 
pain,  and  a  nutritious  diet  and  a  judicious  stimulation  arc  indicated.  If 
gangrene  occurs,  as  soon  as  a  line  of  demarcation  is  established,  the 
limb  should  be  amputated.  In  the  meantime  antiseptic  poultices  should 
be  applied  and  the  patient's  strength  supported. 

varices  or  vai*ic08e  veins  in  the  extremities  are  at  first  nothing 
but  simple  distended  veins,  vvliich  later,  as  the  result  of  their  distention, 
become  elongated,  tortuous,  and  thickened.  The  saniL'  pathological 
condition  exists  in  varicocele  and  in  hemorrhoids,  but  these  will  be  con- 
sidered under  their  separate  headings  in  another  chapter.  Varicose 
veins  in  the  extremities  are  the  result  of  a  negative  blood-pressure  in 
the  veins,  brought  about  either  by  direct  pressure  on  the  vessels  them- 
selves or  by  the  simple  weight  of  the  column  of  blood,  which,  not 
being  forced  along,  overcomes  the  natural  elasticity  of  the  vessel-wall 
iinlil  it  becomes  dilated  and  then  stretched.  This  frequently  occurs  in 
persons  who  stand  a  great  deal.  The  blood  is  forced  through  the 
veins  into  the  limbs  largely  bj^  the  alternate  contraction  and  expansion 
of  the  muscles  pressing  on  the  veins,  so  that  it  causes  a  venous  stasis 
in  the  legs.  Other  exciting  causes  are  abdominal  and  pelvic  tumors, 
efifusions  into  the  peritoneal  cavity,  gravid  uterus,  tight  lacing,  garters 
around  the  legs,  and  a  weak  heart.  This  disease  occurs  most  fre- 
tpienlly  in  women  and  in  persons  who  have  reached  middle  life.  The 
varices  begin  by  the  gradual  dilatation  of  the  vein  opposite  the  valves, 
where  the  weight  of  the  column  of  blood  is  supported.  This  taking 
place  alternately  on  opposite  sides  of  the  vein  causes  it  to  lengthen, 
and  a  tortuous  ves.sel  results.  The  knotting  of  the  vein  is  the  result 
of  the  pouching  out  of  the  vessel  opposite  the  valves.  Associated 
with  the  lengthening  and  pouching  of  the  vein  are  inflammatory 
changes  in  the  wall  of  the  vessel.  As  a  result  of  this  the  walls 
become  thickened  by  the  exudation  of  inflammatory  products  and  the 
proliferation  of  connective-tissue  cells.  In  this  manner  the  localized 
attacks  of  phlebitis  and  periphlebitis  which  occur  in  connection  with 
varico.se  veins  may  be  accounted  for.     Varicose  veins  are  usually  easy 


910 


TNTEli,\ATlOSAL    TEXT-BOOK  Of  SL'ftG£JtY. 


to  recognize,  for  they  arc  found  chiefly  in  the  superficial  vessels  (Kig. 
443).  They  arc  seen  as  large,  prominent,  and  tubulous  veins,  com- 
monly on  the  aiileritir  aspect  of  the  leg,  and  unless  they  are  actively 
inflamed,   are    soft,   easily   compressed,   and  not   painful.      When    the 

trouble  has  existed  for  a  long  time,  owing 
to  the  excessive  thinness  of  the  vessel-wall 
the  vessel  may  suddenly  rupture  and  give 
rise  to  a  serious  and  sometimes  fatal  hemor- 
rliaye.  A  varix  of  the  internal  saphenous 
vein  protruding  through  the  saphenous 
opening  may  easily  be  njistaken  for  femoral 
hernia,  as  it  appears  and  disappears  in  getting 
up  or  lying  down.  It  is  diagnosticated 
from  a  hernia  in  that  pressure  over  the  ring 
does  not  prevent  the  varix  from  re;ipi>ear- 
ing,  while  pressure  easily  controls  a  femoral 
hernia. 

The  treatment  of  varicose  veins  is 
palliative  and  operative.  The  former  fne^ 
i)ucntly  gives  relief  when  the  disease  is 
seen  in  its  early  stages.  Any  preventable 
cause,  such  as  tight  clothing,  garters,  etc, 
must  be  removed.  The  condition  of  the 
circulation  and  of  the  bowels  must  receive 
:Ulentior  by  giving  suitable  cathartics.  A 
rL-eumbent  position  with  tJie  limb  elevated. 
iiiil  genlU--  massage  in  an  upward  direction. 
.\  ith  the  proliibition  of  sitting  and  standing, 
.ill  favor  the  venous  circulation,  and  with 
.ittcntion  to  the  general  health,  administra- 
tion of  tonics,  and  later  on  suitable  outdoor 
exercise,  assist  in  restoring  the  normal 
tone  of  the  vessel-walls.  Absolute  rest  in 
bed  for  a  few  weeks  is  very  desirable ;  but 
when  this  cannot  be  secured  and  the  patient 
is  allowed  to  be  up,  local  treatment  should 
be  used.  This  consists  of  firm  and  well- 
applied  pressure  distributed  evenly  over  the 
leg  fiom  the  base  of  the  toes  to  above  the  knee.  The  pressure  must 
be  applied  in  the  morning,  before  the  patient  leaves  the  bed.  while  the 
limbs  arc  elevated,  and  is  to  be  removed  at  night  only  after  the  patient 
is  in  bed.  A  simple  bandage  made  from  a  good  quality  of  tlu'n,  firm 
"domcts"  flannel,  3A  inches  wide,  cut  on  the  bias,  is  inexpensive  and 
easily  made,  and  may  be  efficiently  applied  with  a  slight  amount  of 
experience.  A  better  su|>])ort  is  a  silk  clastic  sttKking  made  to 
measure  and  fitteil  accurately  to  the  limb.  Rubber  bandages  arc  also 
used  to  a  considerable  extent. 

The  opcrath'i  treatment  of  varicose  veins  aims  at  the  obliteration  of 
the  lumen  of  the  vein  or  liie  complete  removal  of  the  vessel.  The 
application  of  caustics  to  the  vein  and  the  injection  of  carbolic  add  arc 
dangerous  and  practically  obsolete  methods.     Acupressure  and  subcu- 
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tancous  ligature  to  a  vein,  followed  by  compression,  are  rarely  used. 
The  most  satisfactory  method  is  excision  of  portions  of  the  vein  at 
various  points  in  its  course,  althougli  occasionally  the  jjrcatcr  part  of 
the  tortuous  vein  may  be  excised,  After  removal  of  the  vein  the 
wound  is  closed  and  primary  union  may  be  obtaiiietl.  Trcmletenbiirg ' 
advocates  for  varices  of  the  lower  extremity  simply  the  ligation  of  the 
saphenous  vein  where  it  empties  into  iJie  femoral.  These  operations 
should  be  performed  under  the  strictest  aseptic  conditions,  as  the  tissues 
involved  possess  cxtremety  poor  resisting  qualities,  and  septic  phlebitis 
and  thrombosis  are  easily  started  up.  It  is  scarcely  necessarj*  to  say 
that  an  operation  of  tliis  tlescription  is  required  only  in  those  cases 
which  palliative  treatment  cannot  rt-lievc. 

An  arteri&l  varix  or  cirsoid  aneurysni  is  a  dilatation  and 
elongation  of  the  arteries  similar  to  the  ^'arices  which  occur  in  the 
veins.  When  the  large  vessels  arc  dilated  and  tortuous  it  is  known  as 
a  cirsoid  aneurysm.  It  may  be  congenital,  but  Ls  usually  acquired  from 
unknown  causes.  It  pmbahly  results  from  sonje  inherent  stricture  or 
defect  in  the  arterial  wall.  It  occurs  chiefly  in  the  arteries  of  the  scalp, 
face,  neck,  palms  of  the  hands,  and  soles  of  the  fecL  The  diagnosis  \s 
easily  established,  as  the  tumor  pulsates  synchronously  with  the  heart, 
and  the  peculiar  tortuous  convoluted  contlition  of  the  mass  is  character- 
istic. A  murmur  is  uften  heard  over  the  tumor,  If  llif  tumor  is  in- 
creasing in  size  or  if  infla[nm;itory  changes  due  to  pressure  are  likely  to 
occur,  with  absoqitiun  of  bone,  ulceration,  and  lienu>rrhage,  the  tumor 
should  be  excised.  Many  forms  of  treatment  have  been  tried — for 
example,  injection.s  of  perchlorid  oflron,  direct  pressure,  application  of 
ligatures  to  the  main  vessels,  galv.inopuncture.  electrolysis,  and  subcu- 
taneous ligation.  Excision,  however,  of  tlic  whole  mass  is  the  most 
satisfactory  method.  The  operation  is  often  serious,  owing  to  the  large 
size  of  the  mass  and  the  quantity  of  blood  that  may  be  lost.  If  the 
tumor  is  not  large  nor  increasing  in  size  and  does  not  cause  pain  or 
annoyance,  an   operation  is  not  called  for. 

Angiomata  are  tumors  composed  for  the  most  part  of  blood-ves- 
sels, but  tliey  di(Ter  from  arterial  varices  in  that  the  capillaries  are  dilated 
and  the  skin  is  involved.  The  larger  forms  arc  known  as  anrrnoMS 
angiomata  (Fig.  444),  from  the  fact  thai  the  vessels  arc  not  only  dilated 
but  also  obliterated,  and  the  blood  is  cont.iined  in  ojien  spaces.  These 
tumors  are  usually  congenital,  and  their  eau.se  is  not  known.  They  arc 
found  in  the  li\'er,  kidney,  spleen,  and  brain,  and  in  bone,  in  the  orbit,  in 
the  larynx,  and  occasit.nally  in  the  breast  (Fig.  445).  The  recognition 
of  angiomata.  unless  they  are  deei>-seatcd,  is  usually  not  difficult.  The 
arteries  leading  to  them  arc  tortuous  and  dilated  and  visibly  pulsate. 
There  is  often  a  distinct  murmur,  and  by  applying  intermittent  pressure 
alternate  emptying  and  refilling  of  the  tumor  occur.  Trcatmcnl  by  electro- 
Ivsis,  if  the  growth  is  small,  may  be  successful  and  attended  bylittle 
disfigurement.  If,  however,  the  growth  is  of  considerable  size,  it  should 
be  carefully  dissected  out,  as  in  the  case  of  any  tumor,  hgating  such 
vessels  as  are  necessarv*.  and  suturing  the  skin  lit  secure  primary  union. 

A  nevus  is  a  congenital  disease  of  tlie  c.ipillaries  or  of  the  veins, 
and  is  frequently  situated  upon  the  face-     When  .the  nevus  involves 

1  BtilrSgtf.  klin.  Ckir.,  1890,  p.  195. 
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only  the  capillaries  of  the  skin,  it  appears  as  a  slightly  elevated  area, 
var>'ing  in  size  from  the  head  of  a  pin  up  to  and  involving  the  whole 


Fn;.  444. — CAvcmous  angioma  iWarwn), 

nf  one  side  of  the  face,  and  in  color  varies  from  a  bright  red  to  a  dark 
purple  (Figs.  446,  447).      Nevi  which  cover  considerable  areas  are 


Pic  445. — AtigMmn  uf  tlia  tip  Knd  ih«  nedt  (Warrea). 

usually  only  slightly  elevated  above  the  skin,  and  are  often  purely 
cutaneous  (Fig.  448).     Nevi  which  are  markedly  pigmented  arc  often 
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spoken  of  as  "moles."  They  may  be  of  considerable  size.  They  are 
not  vcr>'  vascular,  and  rarely  show  a  tendency  to  spread  or  to  ulcerate. 
These  moles  arc  the  favorite  scat  of  the  development  of  the  melanotic 
forms  of  cancer.      Other  nevi.  especially  of  the  face  and  scalp,  may 


.s 


K1l:s.  44O.  447. — N'c\-ui  of  itir  t»cc, 

have  a  relative  malignancy  in  that,  if  untreated,  they  slowly  progress 
in  size. 

The  treatment  of  ncvi  does  not  need  to  be  operative  unless  there 
is  an  increase  in  their  size  after  careful  continued  cxaniinations  extend- 
ing over  a  length  of  time.  The  'small  cutaneous  nevi  may  be  liphlly 
touched  with  the  flat  surface  of  an  actual  cautery,  thus  destroying  the 
vessels  with  but  Httle  pain  and  leaving  only  a  slight  white  scar.     The 


t'lG.  ^4B  — N«vu»  of  the  hand  nrd  the  (orenrm.     C««  ol  L  \l.  TifEwr. 

nevi  of  larger  size  should  be  treated  by  actually  perforating  them  with 
the  cautery,  by  using  electrolysis,  or  by  the  operation  of  complete 
excision. 

There  tvtaa  to  be  lome  danger  of  emboljini  after  some  of  tb<  iDJecliun-niethcNU  for 

Irrating  nevi,  Ninely-fivr  per  cent.  alcc*nl.  hownrr,  5  or  10  minims  (ince  1  week,  injected 
iniu  a  rifvu»of  the  nu»e  ut  ai)k«  prouiineiit  feature,  may  [>m(lufe  x  marked  patinj;  eflcct  up 
10  complcle  cnre.  without  the  disfigurement  of  operative  scat. 

Anenrysm. — An  aneurysm  is  a  hollow  tumor  filled  with  blood, 

M 


914 


''BOOK  Ok 


whose  cavity  cnmmunicates  with  the  lumen  of  an  artcr)'.  into  which  the 
blood-current  flows  to  and  fro.  The  u-alls  of  an  ancur>'sm  may  or  may 
not  be  composed  of  the  coats  of  the  artcrj',  and  hence  ancur>'sms  arc 
divided  into  true  and  false. 

A  tnte  aneurysm  is  one  in  which  the  ^^-aI1s  of  the  aneurysmal  sac 
are  formed  by  the  coats  of  the  artery,  at  least  one  of  which  must  be 


Fic.  449. — Sauculaied  jmeuirsm  (Keen  uid  Wbll«>. 


intact.     A  false  aneurysm  is  one  in  which  there  is  no  arterial  coat,  but 

the  blood  is  contained  in  a  sac  of  fibrous  or  other  tissue. 

There  arc  many  forms  of  aneurysm  not  of  any  practical  importance, 
but  which  arc  recoj^nizcd  by  different  writers. 

A  diffuse  aneurysm  is  ohl*  which,  as  its  name  implies,  extends  over 
a  considerable  area  of  space  in  the  tissues.  A  traumatte  aneurysm  is 
one  produced  by  direct  trauma  to  an  arter>*.  The  majoritj'  of  diffuse 
or  traumatic  aneurysms  are  false  aneur>'sm.s,  and  the  blood  poured  out 
from  the  artery  is  simply  confined  by  the  surrounding  tissues.  A  dis- 
secting aneurysm  is  uiie  in  which  there  is  a  pitrtial  rupture  of  the  wall 
of  the  artery,  and  in  cnnscqiienct:  tlicrc  is  a  passage  of  blcud  between 
its  coals.  A  sacculated  aneurysm  (Fig.  449)  is  a  localized  pouch  bulging 
from  one  side  of  an  artery.  A.fusiforfii  or  tubular  aneurysm  (Fig.  450) 
i.s  a  uniform  spindle-shaped  dilatation  involving  all  the  coats  of  the 
artery.  A  hernial  aneurysm  is  one  in  which  one  of  the  coats  of  the 
vessel  becomes  protruded  through  an  outer  ruptured  coat.    An  arferio- 

venous  anatrysnt  is  a  condition  in 
which  an  abnormal  direct  com- 
munication becomes  established 
between  the  lumen  of  an  artery' 
and  that  of  a  neighboring  vein. 

Aneurysm  is  essentially  a  dis- 
ease of  middle  life,  and  occurs  be- 
tween the  ages  of  thirty  to  sixty 
years.  The  most  frequent  seat  of 
the  disease  is  the  tlioracic  aorta, 
and  after  that  it  occurs  most  fre- 
quently in  the  popliteal,  the  femoral, 
the  abdominal  aorta,  the  carotid, 
the  subclavian,  the  axillarj',  and  the  innominate  arteiy.  All  of  these 
aneur^'sms  present  certain  clinical  symptoms  in  common,  and  the  most 


Fig.  4Sf-— Tiihulaied  or  fnsiform   ancuryiifn 
iKct-nand  While). 
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characteristic  is  the  development  of  an  clastic,  fluctuating,  and  pulsating 
tumor  in  the  course  of  the  arter\',  which  may  be  tliminished  in  size  by 
exerting  uniform  pressure  on  its  surface.  On  auscuhatinn  an  aiicurj'smal 
bruit  or  murmur  is  heard  over  the  tumor.  Other  common  symptoms 
are  those  of  pressure  and  weight,  with  dull,  heavy  pains,  diminution 
of  the  volume  of  the  pulse-beat  in  the  vessel  and  its  branches  distally 
from  the  aneur\'sm,  and  later,  the  absorption  of  the  adjoining  tissues 
from  the  pressure  of  the  aneurysm  (Fig.  451). 


Flo,  45l-~Spti]rKmographk  tradnga  of  tlie  nicliivl  pultc  nf  a  |iati«nl  «ilh  xncurysm  of  tiic 
hgiil  brachu]  Artcrjr:  i.  left  radial  pulie;  a,  nglic  radial  pulse  (Mathumcdl. 

Etiology. — The  immediate  cause  of  the  dc^'clopmcnt  of  an  aneu- 
rysm is  usually  an  injury  to  a  previously  diseased  vessel.  This  devel- 
opment in  the  majority  of  cases  is  due  to  the  suddenly  increased 
blood-pressure  from  a  violent  muscular  exertion  or  a  sudden  strong 
emotion. 

The  predisposing  causes  of  ancur\'sm  are  some  constitutional  dis- 
ease or  nabit  which  by  its  long  continuance  has  either  attacked  the 
arterial  coats  in  distinct  areas  or  has  caused  such  general  and  exten- 
sive degeneration  as  to  have  decreased  to  a  large  degree  the  elasticity 
and  resisting  powers  of  the  arterial  walls.  Degeneration  of  the  arterial 
coats  is  the  chief  predisposing  cause  of  aneurysm,  and  it  must  always 
be  present  in  some  form,  except  in  those  cases  due  to  direct  trauma- 
tism. Suppurative  disease  occasionally  invades  the  wall  of  a  vessel, 
and  is  said  to  give  rise  to  aneurj'^m. 

It  is  a  recognized  truth  that  the  existence  of  arteriosclerosis  is  the 
chief  factor  in  the  causation  of  aneur>'sm,  and  while  this  disease  does 
not  manifest  itself  till  late  in  life,  it  exists  in  the  diffuse  stage  as  early 
as  fort>'  years — the  most  conmion  time  for  ancurj-sm  to  develop.  As 
a  rule,  patients  ascribe  the  cause  of  aneurysm  to  some  severe  muscular 
effort,  which  is  but  natural. 

As  a  rule,  aneurysms  contain  fluid  bloody  which  readily  transmits 
the  pulsations  of  the  heart  through  its  walls.  In  certain  cases,  how- 
ever— -for  example,  in  sacculated  aneurysms,  where  the  outlet  is  small 
and  the  blood-current  is  much  reduced  in  force — the  blc«d  coagulates 
and  is  deposited  in  successive  laminar  upon  the  wall  of  the  vessel, 
forming  yellowish  thrombi  which  greatly  strengthen  the  wail  of  the 
sac.  If  an  aiieurysm  is  left  to  its  natural  course,  with  very  rare  cxcei> 
tions  it  proves  fatal.  The  sac  continues  to  dilate  more  or  less  rapidly, 
and  death  takes  place  from  rupture  of  the  sac,  with  fatal  hemorrhage 
either  externally  or  into  some  one  of  the  cavities  of  the  body.  In 
certain  instances  death  occurs  before  the  sac  ruptures,  owing  to  press- 
ure upon  important  organs,  with  correspondingly  severe  symptoms — 
for  example,  on  the  trachea  and  bronchi,  producing  asphyxia;  on  the 
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esophagus  or  thoracic  duct,  producing  inanition ;  on  the  spine  in  aortic 
aneurysm,  causing  absorption  of  the  bone  and  meningitis.  The  final 
rupture  may  or  may  not  be  due  to  muscular  strain;  death  is  not 
always  instantaneous,  but  frequently  occurs  after  several  successive 
hemorrhages. 

The  profnosls  of  aneurysm  of  the  aorta,  the  innominate,  the  sub- 
clavian, and  iliac  arteries  is  usually  fatal,  although  a  few  cases  of  cure 
have  occurred  in  aneurysms  situated  in  these  vessels.  The  gravity^  of 
the  disease  decreases  and  the  success  of  operative  interference  increases 
as  the  location  of  the  trouble  is  removed  from  the  heart  The  duration 
of  life  in  aneurysm  varies  within  considerable  limits  according  to  the 
condition,  occupation,  and  care  of  the  patient,  as  well  as  the  location  of 
the  disease. 

Treatment. — ^AIl  methods  of  treatment  of  aneurysms  are  directed 
toward  obliterating  the  cavity  by  coagulation  of  blood  within  its  sac 
They  have  been  classified  as  medical  and  surgical.  The  former  com- 
prise those  which  by  rest  in  bed,  restriction  of  food  and  liquids,  and 
administration  of  drugs  aim  to  prevent  increase  in  the  size  of  the  tumor 
and  &vor  coagulation  of  the  blood,  by  reducing  the  force  of  the  blood- 
current.  These  methods  have  been  in  use  for  a  very  long  time,  but 
are  now  employed  only  in  those  cases  of  internal  aneurysm  in  which 
operative  methods  are  contra-indicated.  The  details  of  the  so-called 
Tufnell  treatment,  as  proposed  by  BelUngham,'  are  absolute  rest  in  bed, 
a  dry  diet  composed  of  a  very  few  ounces  of  bread  or  farinaceous  food, 
with  a  very  little  fish  or  meat  once  or  twice  a  week,  together  with  a  few 
ounces  of  milk  or  water  daily.  A  number  of  cures  have  been  reported 
from  this  course  of  treatment,  which  requires  great  resolution  and  cour- 
age on  the  part  of  the  patient  to  persist  in  for  the  necessary  length  of 
time,  which  is  usually  two  to  three  months.  An  ice-bag  or  pressure  may 
be  applied  to  the  tumor  itself.  Belladonna,  aconite,  and  veratrum  viric^ 
are  used  to  assist  in  reducing  the  force  of  the  heart's  action.  Sympto- 
matic treatment  is  necessary  in  almost  all  cases ;  for  pain,  the  bromids, 
phenacetin,  and  opium  are  used  when  necessary.  For  attacks  of  angina 
amyl  nitrate,  nitroglycerin,  and  barium  chlorid  are  indicated.  lodids 
are  administered,  not  alone  for  their  effect  on  syphilis,  but  because  they 
are  supposed  to  have  a  direct  action  on  the  arteries ;  and  it  is  claimed 
that  the  tincture  of  iodin  and  the  sodium  salts  are  better  than  the 
potassium  salts.  Potassium  iodid  in  increasing  doses  is  most  frequently 
administered,  and  in  some  cases  a  cure  has  been  apparently  favored  by 
its  action.  It  is  supposed  to  slow  the  action  of  the  heart,  to  lessen  its 
force,  and  to  thicken  the  walls  of  the  aneurysm  by  the  deposition  of 
fibrin.  For  the  purpose  of  inducing  the  coagulation  of  blood  in  the 
aneurysm,  injections  of  solutions  of  iron,  ergot,  tannin,  and  other  drugs 
are  sometimes  made  into  the  sac ;  but  there  is  great  danger  of  the 
formation  of  emboli  attending  this  method  of  treatment,  and  it  there- 
fore should  be  condemned. 

Acupiincttire  consists  of  the  introduction  of  several  needles  into  the 
cavity  of  the  sac,  allowing  them  to  remain  several  hours  and  then 
withdrawing  them.  This  favors  coagulation,  but  it  is  not  without 
danger. 

'  Dublin  MtdUal  Fresi,  xxvii.,  p.  8l. 
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Gahanopunctitrc  is  performed  by  inserting  an  insulated  needle  from 
cither  side  of  the  sac,  and  witli  ihc  needles  in  contact  a  galvanic  cur- 
rent is  passed  through  for  several  hours.  This  method  is  open  to  the 
same  criticism  as  the  preceding  measures. 

A  method  devised  by  Macewen,'  known  as  *^  needling l^  has  for 
its  object  the  formation  of  a  white  thrombus  on  the  inner  surface 
of  the  sac.  It  is  accoinphshed  by  introducinj^  under  aseptic  pre- 
cautions long  steel  needles,  and  gently  irritating  witli  their  points 
the  entire  inside  lining  of  the  tumor.  The  irritation  should  be  only 
great  enough  tn  produce  a  reparative  exudation,  so  that  there  Is 
formed  by  successive  needling  a  permanent  thickening  of  the  walls 
of  tlie  aneur>'sm.  Two  or  three  needles  arc  used  at  the  same  time 
in  a  large  aneurj'sm,  and  a  number  of  foci  of  repair  arc  distributed 
over  the  interior  of  the  aneurysmal  sac.  It  is  especially  applicable 
to  large  sacculated  aneurysms  which  are  inn|.iLTahle — for  example, 
those  situated  at  the  arch  of  the  aorta.  Cures  have  been  rejiortcd 
by  Macewen. 

The  introduction  of  foreign  bodies  into  the  aneurysmal  sac  through 
a  canula  after  puncture  is  another  method  of  treatment  for  large  inop- 
erable aneur>'siiis.  Kine  steel  wire,  horse-hair,  catgut,  and  silk  are  the 
materials  whicJi  lunve  been  used.  A  number  of  j^rds  of  the  wire  or 
other  sub.stance  is  introduced  through  a  pointed  canula  in  the  ho|JC  of 
causing  obliteration  of  the  cavity  by  aiv  engaging  blood-cloL 

Thi*  i*  Mnnr*-'**  meihod.  Conatli*  modified  it  hT  connecting  the  wire,  ifler  inser- 
Uun.  wilh  the  anode  of  s  galvanic  bnltcn-.  0\  a^  cn*r<t  lrcnl«;<l  in  lh!>  muniicr,  ihe 
lyporl^  fif  which  hnv^  bren  c^lWied  with  gre»l  detail  and  analyicd  by  Hunni-T,'4  were 
aiiimiviiily  lurrd  nnd  9  were  certainly  made  mtire  comfociahic,  ill  of  the  catcs  being  so- 
cnfled  "  innpcrahlc," 

Tilt-  Use  of  Gihtin. — Two  per  cent,  solutions  of  gelatin  have  been 
injected  subcutaneou.sly  in  cases  of  saccular  ancurjsms  with  alleged 
success  by  I^ncereaux  and  Poulesco.*  Futclicr*  deems  the  method 
worthy  of  trial  if  the  patient  presents  himself  before  he  is  in  a  desperate 
condition.  The  procedure  is  apjwrently  innocuous,  but  is  still  in  the 
experimental  stage. 

Comprtssitm. — The  treatment  of  aneurysm  by  compression  is  per- 
haps the  oldest  form  of  treatment,  and,  when  properly  carried  out  atul 
persisted  in  for  a  sufficient  length  of  time,  usually  results  in  improve- 
ment, and  often  in  cure.  The  pressure  is  applied  preferably  to  the  car- 
diac side  of  the  tumor,  and  may  be  digital  or  mechanical. 

Digital  pTissHre  is  more  rapid  and  less  painful  than  mechanical,  but 
it  is  an  extremely  difficult  thing  to  keep  it  up  for  the  ncccssar>*  length 
of  time,  which  may  be  twenty-four  to  forty-eight  hours,  with  firm  uni 
form  pressure  under  an  anesthetic.     A  relay  of  assistants  is  necessary 
in  carrying  out  this  method. 

The  use  of  meehanical  or  instrumental  compression  i-i  not  advised. 
The  mctliod  by  digital  compression,  while  annoying  and  painful  to  the 

'  limcef.  1890.  ii..  IcA6. 

* Affd.  CAiruKi.  TViiMi.,  I^ndon,  «lTii.,  p.  139, 

*/.!■  Sprrimrntti/e.  Aprii.  1879,  p.  44S' 

*/»*»/  ifffkini  Hosfilal  BulUtin,  N&v.,  I90O,  p.  363. 

*  La  Stmami  .^ft^L.  l8<J7,  p.  7lji. 

'Jour.  Aw^.  Mett.  Auik.,  Jan.  37.  19CX>,  p.  30+. 
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patient,  especially  if  he  be  irritable  and  cannot  bear  pain  well,  is  a  very 
safe  method  of  treatment,  and  no  great  risks  are  involved  in  case  of 
failure.     Under  modern  aseptic  technic  the  method  of  digital  compres- 


(i^=lf 


Fig.  45a. — Old   operation   of  Antyllus  for 
aneurysm  (Keen  and  White). 


Fig.  453. — Ancl's  operation   for  aneurysm 
(Keen  and  White). 


Fig.  454- — Brasdor's  operation  (Holmes). 


Fig,  455  — Wardrop's  operation  (Holmes). 


CQ(^ 


Fic;.  456. — Hunter's  operation  for  aneurysm  (Keen  and  While). 


sion  has  been   lately  superseded  by  direct  operative  measures  (Figs. 
452-456). 

TrcaUncnt  by  Ligature. — The  treatment  of  an  aneurysm  by  direct 
ligature  to  the  vessel  is  unquestionably  the  most  satisfactory  method 
when  the  aneurysm  is  situated  so  that  this  can  be  accomplished.  The 
operation  must  be  performed  under  the  strictest  aseptic  precautions,  the 
material  being  either  silk  or  animal  ligature,  and  the  wound  closed  to 
secure  primary'  union.  Sepsis,  secondary  hemorrhage,  and  gangrene 
are  the  chief  dangers  to  be  feared  as  the  result  of  operation.  Several 
different  operations  are  in  use — namely,  the  distal  ligature,  the  proximal 
ligature,  and  the  double  ligature.  The  most  common  method  in  use  at 
present  is  to  ligate  the  artery  on  the  proximal  side  at  some  distance 
from  the  tumor,  in  order  that  a  place  which  is  firm  and  free  from  dis- 
ease may  be  secured.  The  double  ligature  of  the  vessel,  with  excision 
of  the  sac  (Antyllus),  is  the  best  operation.  Distal  ligature  may  be 
necessary  on  account  of  the  situation  of  the  disease,  as  when  it  occurs 
in  the  innominate  or  subclavian  arteries.  The  advantage  of  ligation 
over  other  methods  of  treatment  is  its  applicability  in  a  greater  number 
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of  cases,  the  greater  likelihood  of  success,  Its  comparative  ease  and 
safety,  and  its  painlessness. 

Aneurysm  of  Special  Vessels. — Aortic  Aneurysm. — Aneurysm 
of  the  aorta  may  occur  at  any  point  in  the  chest  or  abdomen,  but  those 
involving  the  arch  of  the  aorta  aie  the  most  common.  The  disease  is 
usually  obscured  until  the  dilatation  has  advanced  to  a  point  where 
the  tumor  is  visible  externally,  or  until  the  pressure-symptoms  are  so 
acute  as  to  make  the  diagnosis  possible.  A  pulsating  expansile  tumor 
of  a  very  large  size  in  the  front  of  the  upper  part  of  the  chest,  more 
often  on  the  left  of  the  sternum,  is  characteristic  of  an  aneurysm  of  the 
aortic  arch.  The  very  early  symptoms  arc  more  or  less  constant  pain, 
disturbance  of  the  laryngeal  muscles  from  pressure  on  the  recurrent 
lar>-ngea]  nerve,  causing  interference  with  resjiiration,  interference  with 
deglutition,  and  changed  voice-sounds.  Retardation  of  one  radial 
pulse  and  dilatation  of  the  pupil  on  one  side  are  occasional  symptoms. 
As  the  tumor  increases,  the  symptoms  become  more  severe ;  pain,  loss 
of  sleep,  cough,  and  anxiety  supervene.  Absorption  of  the  contiguous 
tissues  of  the  sternum,  ribs,  and  vertebra:  takes  place,  and  death  results 
from  an  external  rupture  or  more  frequently  from  an  Internal  rupture 
of  the  aneurysmal  sac.  The  treatnttnt  of  aneurysm  of  the  aortic  arch 
offers  little  hope  of  success.  A  few  cases  have  been  reported  of  a 
successful  result  from  Macewen's  method,  and  also  from  the  introduc- 
tion of  foreign  bodies  into  the  sac. 

An  aneurysm  of  the  abdominal  aorta  is  rarer  than  one  of  the 
thoracic  aorta.  The  development  of  a  characteristic  pulsating  tumor, 
with  the  presence  of  the  aneur\"smal  bruit  in  the  abdominai  cavity,  and 
the  careful  exclusion  of  tumors  of  the  other  abdominal  organs,  is  the 
way  in  which  a  diagnosis  may  be  established.  The  treatment  offers 
very  little  chance  of  cure.  Pressure  bj'  means  of  a  mechanical  tour- 
niquet may  be  applied,  if  the  location  of  the  tumor  renders  this  possible. 
The  abdominal  aorta  has  been  ligated  a  number  of  times — always, 
however,  with  a  fatal    result. 

An  aneurysm  of  the  IDac  arteries  presents  the  same  symptoms  as 
an  aneur\'sm  of  the  abdominal  aorta,  except  that  being  situated  lower 
in  the  abdomen  it  may  be  made  out  more  clearly.  The  abdominal 
aorta  has  been  ligated  a  number  of  times  for  iliac  aneurysms.  The 
comnic.iti  iliac  arterj*  has  been  ligatetl  several  times  with  success,  and 
although  this  Is  a  critical  operation,  it  promises  relief 

Femoral  Aneurysm. — The  diagnosis  is  comparatively  easy,  but 
from  the  exposed  position  of  the  vessel  the  aneur>-sm  is  often  of  trau- 
matic origin,  and  hence  may  be  a  false  aneur>"sm.  It  may  for  this  reason 
be  mistaken  for  a  psoas  or  inguinal  abscess,  and  care  must  always  be 
exercised  in  operating  in  this  region  in  excluding  an  aneurysm.  A 
femoral  aneurysm  has  been  incised  for  a  psoas  abscess  with  fatal 
results.  An  aspirating  needle  can  always  be  used  in  case  of  obscure 
diagnosis,  and  the  problem  in  this  manner  solved.  Proximal  ligation 
of  the  arter\'  is  the  best  operation  in  femoral  ancur>'sms. 

Popliteal  aneurysm  Is  one  of  the  more  common  types  of  the  dis- 
ease. Owing  to  the  location  c^^  the  artery  it  is  peculiarly  liable  to  be 
injured,  especially  by  extreme  flexion  of  the  leg ;  and  if  the  vessel  has 
become  weakened  by  pathological  changes,  it  may  re.idily  become  sub- 
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jcct  to  aneurysmal  dilatation  (Kigs.  457. 478).  The  tumor  is  neccssanly 
superficial  in  position,  and  therefore  the  diagnosis  is  easy  because  of 
the  characteristic  symptoms.  Proximal  ligation  at  the  apex  of  Scarpa's 
trianjjle  or  at  Hunter's  canal,  or  preferably  double  ligation  of  the 
arterv  with  excision   of  the  sac.  are  the  methods  of  treatment. 


*»*( 
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An  innominate  aneurysm  is  usually  complicated  by  a  dilatation 
of  the  arch  of  tlie  aorta,  and  often  of  the  subclavian  and  carotid  arte- 
ries. The  tumor  usually  appears  above  the  sternum,  in  the  inter- 
clavicular notch,  or  to  the  ri^fJit,  near  the  origin  of  the  slernomasioid 
muscle.  Owing  to  the  short  course  of  the  iniioniinate  artery  and  on 
account  of  its  location,  the  aneurj'sm  is  usually  a  sacculated  one,  and 
for  this  reason  a  ligature  can  rarely  be  applied  on  the  cardiac  side 
of  the  aneurysm.  Kor  innominate  aneur>'sms  .several  operations  have 
been  |x:rfnrt]iL'tl — tlistal  lig.uJun  of  the  subclavian  arterj',  ligation  of 
the  right  conmion  ciirotid  and  the  right  subclavian  arteries,  or  the  liga- 
tioti  of  either.  All  of  ihesc  are  very  serious  and  grave  operations,  but 
cures  have  been  reported  from  the  use  of  each.  The  innominate  itself 
has  been  ligatcd  in  all  30  times,  and  u.sually  for  subclavian  aneurysm. 
Only  4  of  these  ca.ses  are  reported  a.s  recoveries.  The  imporunt  step 
in  ligating  the  innominate  artery'  is  the  excision  of  the  upper  portion 
of  the  sternum,  which  renders  an  otherwise  difficult  operation  a  com- 
paratively simple  one.  The  operation  under  improved  technic  is 
entirely  justifiable. 


tion  " 


VfSEASES  OF  TffE  BlOOD-fESSBLS. 


921 


5ubclav[an  aneurysm  \9>  most  frequent  in  the  outer  or  third  part 
of  the  vessel  and  on  the  right  side.  It  develops  as  a  pulsatinp  tumor 
above  the  clavicle  and  outside  the  stemomastoid  muscle.  It  gives  rise 
to  disturbance  by  pressure  on  llie  brachial  pIcxLis.  and  it  may  cause 
edema  of  the  arni  iind  hand.  IJ^^iititrc  of  bc>th  ihc  proxirrtal  and  distal 
sides  have  been  |>erfi»rmed,  besides  ligation  of  the  innoniinnte.  I-'K''- 
ture  on  the  proximiil  side  of  the  vessel,  followed  by  immediate  ampu- 
tation at  the  shoulder-joint,  has   been  suggested. 

Axillary  aneurysm  is  frequently  of  traumatic  origin,  and  occasion- 
ally occurs  as  the  result  of  an  attempt  to  reduce  old  dislocations  in  a 
patient  with  atheromatous  arteries.  It  often  attains  large  size  from 
looseness  of  the  .surrounding  ti.-isues.  and  by  jiressure  causes  venous 
obstruction  and  edema,  and  threatens  the  loss  of  the  whole  limb. 
The  axillary  artery  Is  rarely  ligateri  except  where  it  i.s  wounded  or  for 
a  small  traumatic  ancur)*sm.  The  operation  for  idiopathic  aneurj'sm 
of  the  axillar)'  artery  is  the  ligation  of  the  third  portion  of  the  sub- 
clavian artcrj".  If  there  is  a  recurrence  of  jinlsation  in  the  aneurj'sm, 
the  distal  ligation  of  the  axillary  arter}--  and,  if  necessary,  excision  of 
the  sac  arc  indicated. 

Carotid  aneurysm  may  occur  at  cither  side  of  the  neck,  and  is 
usually  situated  near  its  bifurcation.  The  s>*mptom5  arc  the  tj*pical 
pulsating  tumor,  dyspnea,  vertigo,  difficulty  in  swallowing  and  talking, 
cough,  and  ringing  in  the  ears.  The  diagnosis  is  usually  not  difficult. 
Ligation  on  the  cardiac  side  of  the  common  carotid  is  the  best  method 
of  treatment  when  possible;  otherwise,  distal  ligature.  Synco[>e,  embo- 
lism, and  hemiplegia  occasionally  occur  following  ligation  of  the  vessel. 
There  are  cases  on  record,  however,  in  which  both  common  carotids 
have  been  ligated  in  the  same  person  successfully. 


CHAPTER  XXVIII. 

SURGERY  OF  THE  LYMPHATIC  SYSTEM. 

The  lymphatic  system  is  made  up  of  a  multitude  of  minute  canals 
distributed  over  the  surface  and  throughout  the  substance  of  the  body 
tissues.  These  canals  anastomose  freely  one  with  another  and  unite  to 
form  larger  trunks  which  ultimately  empty  their  contents  into  the  ve- 
nous circulation  through  the  thoracic  and  right  lymphatic  ducts.  Along 
the  course  of  these  canals  at  intervals  lie  the  lymph-glands :  organs  of 
special  structure,  adapted  to  their  function  of  filtering  and  modifying 
the  lymph  which  is  brought  to  them  by  the  vessels  and  passing  it  on 
to  its  destination.  In  addition  to  these  two  elements  of  the  lymphatic 
system  there  exist  great  cavities  in  the  body,  like  the  peritoneum,  the 
pleurae,  and  the  joints,  which  are  in  direct  communication  with  the 
lymphatic  vessels  and  may  be  regarded  as  reservoirs  of  the  lymph. 

The  distribulion  of  the  finer  lymphatic  branches  is  so  minute  that  with  llie  microscope 
DO  end  to  them  can  be  detected.  The  spaces  between  the  individual  cells  and  fibers 
of  the  connective  tissues  seem  to  lead  directly  to  larger  spaces,  and  these  again  to  others. 
When  the  lymph-space  has  attained  the  proportions  of  a  blood  capillary  it  begins  to  ^ow 
a  lining  of  endothelial  cells.  As  it  grows  lai^er  the  lymph-vessel  presents  the  structure 
of  a  vein — an  inner  lining  of  endothelial  cells,  a  middle  coat  of  delicate  muscle-fibers  and 
elastic  tissue,  and  an  outer  coat  of  connective  tissue.  All  these  layers,  however,  are  far 
more  delicate  than  those  in  veins  of  the  corresponding  size.  Valves  are  more  numeroos 
in  the  lymphatics  than  in  the  veins,  and  give  a  characteristic  beaded  appearance  to  the 
lai^er  trunlts.      Anastomoses  are  also  more  numerous  than  in  the  veins. 

The  lymph-glands  or  nodes  which  are  scattered  along  the  course 
of  the  lymphatic  trunks  are  complex  structures  of  the  size  and  shape 
of  a  kidney-bean.  A  number  of  afferent  vessels  open  into  the  periph- 
er}'  of  each  gland  and  communicate  with  the  sinuses  or  lymph- 
spaces  which  traverse  the  gland  substance.  Each  lobule  or  unit  of 
which  the  gland  is  composed  consists  of  a  group  of  lymphoid  cells 
in  a  delicate  meshwork  of  connective  tissue,  surrounded  by  an  open 
reticular  space  or  sinus  traversed  by  septa  bearing  an  endothelial 
covering.  Each  lobule  is  inclosed  by  a  fibrous  capsule,  and  upon 
this  framework  run  the  blood-vessels  of  the  gland. 

The  lymph  is  a  clear,  watery  fluid  having  the  same  constituents 
as  blood  plasma,  but  with  a  lower  specific  gravity.  It  is  derived  from 
the  blood,  escaping  from  the  blood  capillaries  and  smaller  veins,  and 
carries  certain  of  the  deleterious  substances  thrown  off  by  the  cells 
of  the  body  tissues  as  well  as  any  harmful  foreign  substance  which 
may  be  introduced  from  without. 

The  rate  of  flow  is  much  slower  in  the  lymphatic  vessels  than  in 
the  veins.  It  varies,  too,  according  to  the  muscular  pressure  and 
movements  of  the  limbs,  and  is  modified  to  a  certain  extent  by  the 
force  of  gravity.     The  movements  of  respiration  aid  the  flow  of  lymph 
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by  suction  toward  the  chest  cavity,  and  the  degree  of  blood  pressure 
nuiy  modify  the  amount  of  lymph  transuded  from  the  blood-vMscls 
and  thus  alter  the  rate  of  lymph  circulation.  The  flow  of  lymph  ts 
further  stated  to  be  more  active  in  youth  and  to  become  less  abun- 
dant and  more  sluggish  with  the  advance  of  age. 

In  addition  to  the  lymphatic  vessels  and  glands  and  ihc  great 
Ij'mph  reservoirs  there  are  many  situations  in  the  body  vtherc 
lymphoid  tissue  enters  largely  into  the  structure  of  organs  which 
are  themselves  not  included  in  the  lymphatic  system.  The  tonsils 
and  the  lymphoid  follicles  of  the  intestines  arc  examples  of  organs 
of  this  nature,  and  their  pathology  and  surgcr>'  arc  described  in  detail 
in  other  chapters.  The  spleen,  however,  which  is  an  organ  belong- 
ing both  to  the  blood  and  to  the  lynipliatic  systems,  because  of  the 
character  of  its  pathology  can  best  be  included  with  the  surgery  of 
the  lymphatic  system. 

THE  SPLEEN. 

The  analr>my  of  the  .spleen  is  rcndcrctl  somewhat  obscure  by  reason 
of  the  marked  and  rapid  variations  in  size  which  it  habitually  under- 
goes in  health  as  well  as  in  disease.  In  adults  the  spleen  is  nor- 
mally from  3  to  5^  inches  in  length  and  from  2  to  3^  inches  in  breadth 
(Coville).  It  occupies  the  extreme  upper  portion  of  the  abdominal 
cavity  on  the  left  siile.  ant!  i«  in  relation  with  the  diaphragm,  kidney, 
stomach,  splenic  flexure  of  the  color,  and  occasionally  with  the  |Kin- 
creas.  The  spleen  is  usually  completely  invested  with  peritoneum, 
and  is  attached  by  ligatticnts  and  folds  of  peritoneum  to  the  stomach 
and  kidney,  and  occasionally  to  the  diaphragm.  The  anterior  and  pos- 
terior borders  of  the  spleen  commonly  present  grooves  or  notches 
which  become  of  diagnostic  importance  in  hypertrophy  of  the  organ. 
Accessory  spleens  and  even  multiple  spleens  arc  not  uncommon. 

The  surgical  affections  of  the  spleen  may  be  arranged  in  four  prin- 
cipal classes :  Traumatic  lesions ;  displacements ;  inflammatory  dis- 
eiises ;  tumors. 

Traumatic  lesions  of  the  spleen  are  of  the  usual  varieties — 
punctured,  incised,  and  lacerated  wounds.  Lacerations  may  occur 
cither  with  or  without  a  wound  of  the  abdominal  wall,  and  they  form 
the  greater  portion  of  the  cases  amenable  to  surgical  treatment.  In 
military  surgery,  bayonet  and  gunshot  wounds  are  the  most  frequent 
causes  of  injuries  to  the  spleen,  while  in  civil  life  accidental  fall.<i  and 
crushing  blows  are  more  likely  to  produce  rupture.  Previous  displace- 
ment or  disease  of  the  spleen  .seems  to  be  a  predisposing  cause  to 
traumatic  rupture.  The  dangers  of  rupture  or  laceration  of  the  spleen 
are  primarily  those  of  hemorrhage,  and  in  open  or  punctured  wounds 
to  these  are  added  the  dangers  of  infection  and  local  or  general  jieri- 
tonitis.  The  symptoms  are  also  those  of  hemorrhage  into  the  peritoneal 
cavity,  and  the  effused  blood  can  often  be  recognized  by  the  presence 
of  incrca.sed  dulness  in  the  left  flank.  The  treatment  should  be  imme- 
diate laparotomy. to  arrest  the  hemorrhage.  This  maybe  accomplished 
in  small  wounds  of  the  spleen  by  suture  or  with  the  cautery.  If  more 
severe,  gauze  packing  may  be  inserted  to  control  the  bleeding,  but  in 
the  more  serious  lacerations  the  most  rapid  and  satisfactory  operation 
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is  splenectomy.  The  gravity  of  rupture  of  the  spleen  cannot  well  be 
exaggerated.  Llewerenz  reports  a  mortality  of  86  par  cent,  in  cases 
in  which  no  operation  was  performed,  whereas  by  operation  50  per 
cent,  of  cases  were  found  to  recover. 

Perforating  wounds  of  the  spleen,  either  stab  wounds  or  gunshot 
injuries,  demand  a  thorough  cleansing  of  the  tract  with  either  suture 
or  drainage  of  the  wound.  Should  hernia  of  the  spleen  through  such 
a  wound  occur,  it  should  be  reduced,  but  when  irreducible  or  infected, 
either  ligature  or  cautery  may  be  used  to  resect  the  projecting  portion. 

Displacements  of  the  spleen  are,  as  a  rule,  due  to  trauma  or 
to  enlargement  of  the  organ.  The  ligaments  may  be  elongated  to 
such  an  extent  as  to  permit  of  axial  rotation  of  the  spleen  with 
twisting  of  its  pedicle  and  consequent  strangulation.  "  Wandering 
spleens"  with  elongated  pedicles  are  not  infrequently  reported  and 
are  often  accompanied  by  some  form  of  disease,  as  malaria  or  tuber- 
culosis. 

Treatment  consists  in  palliative  measures  in  the  form  of  pads 
and  belts  or  more  radical  operations.  Splenopexy  or  splenorrhaphy 
is  performed  when  the  spleen  is  replaced  and  sutured.  In  general, 
however,  when  wandering  spleen  is  present  and  the  symptoms  demand 
operative  relief,  splenectomy  is  the  operation  chosen  on  account  of 
the  prevalence  of  more  serious  disease  in  spleens  which  have  thus 
become  displaced. 

Inflammatory  Diseases. — Abscess  of  the  spleen  occurs  in 
multiple  form  in  many  terminal  infections,  and  under  these  conditions 
surgical  interference  is,  of  course,  not  indicated.  Simple  abscess  of 
the  spleen  may  follow  acute  inflammatory  processes  in  the  abdomen, 
as  appendicitis,  or  may  result  from  chronic  infections,  such  as  tuber- 
culosis. Trauma  is  occasionally  a  cause  of  abscess  of  the  spleen,  and 
echinococcus  cysts  may  undergo  a  secondary  infection  and  produce  an 
abscess  of  enormous  size.  Marked  constitutional  symptoms  occur,  and 
the  prognosis  is  grave.  The  treatment  is  that  of  abscesses  elsewhere  in 
the  body, — evacuation. — and  the  operation  must  be  prompt  to  be  of  ad- 
vantage. When  the  abscess  is  small  and  the  spleen  not  too  firmly  attached 
by  adhesions,  the  entire  spleen  may  be  removed.  Hagen  reports  7  cases 
successfully  treated  by  splenectomy.  In  case,  however,  the  abscess  cav- 
ity is  more  extensive,  splenotomy  or  incision  may  be  performed  and  the 
cavity  evacuated  and  drained,  either  through  the  abdominal  cavity  or 
by  resection  of  the  ninth  and  tenth  ribs.  The  latter  method  appears 
to  be  the  safer  one  in  advanced  cases,  by  reducing  the  danger  of 
infection  of  the  peritoneal  cavity  to  a  minimum. 

Chronic  enlar^ment  of  the  spleen  occurs  in  a  number  of  dis- 
eases, and  is  due  to  hyperplasia  of  the  different  elements  of  the  splenic 
tissue  and  to  connective-tissue  changes.  Such  enlargements  may  cause 
symptoms  from  the  mere  size  and  weight  of  the  organ,  sufficient  to  call 
for  operative  relief  Among  the  conditions  giving  rise  to  enlargement 
of  the  spleen  those  which  require  special  mention  are  malaria,  leu- 
kemia, and  the  varied  pathologic  changes  which  produce  the  symptom- 
complex  called  splenic  anemia. 

The  spleen  in  cases  of  chronic  malaria  may  attain  enormous  propor- 
tions, and  the  discomfort  and  disability  thus  produced  may  demand 
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surgical  relief  Jonnesco  has  been  the  most  radical  operator  in  this 
field,  and  he  considers  that  the  removal  of  the  malarial  spleen  takes 
away  the  most  important  stronghold  of  the  malariiil  organisms  and 
allows  the  routine  antimalarial  remedies  to  destroy  them.  The  opera- 
tion is  inadvisable  in  extreme  cachexia  and  in  cases  where  extensive 
adhesions  exist  between  the  spleen  and  the  surrounding  tissues.  The 
mortality  of  splenectomy  for  malarial  spleen  in  the  last  decade  is  vari- 
ously estimated  at  from  1 5  to  23  per  cent. 

Spit'nic  Anemia. — The  recent  work  of  Osier,  Sippy.  and  Boviard, 
and  that  of  Harris  and  Herzog,  have  done  much  to  clear  up  the  symp- 
toms and  pathologj'  of  this  disease.  It  is  a  disease  of  early  adult  hfc 
or  youth  but  not  of  infanc>',  and  consists  of  a  primar>'  enlargement 
of  the  spleen  and  subsequent  anemia.  The  anemia  Is  at  first  of  the 
chlorotic  type,  and  is  shown  by  a  marked  fall  in  hemoglobin.  As  the 
disease  progresses  the  red  corpuscles  also  show  a  marked  diminution 
and  a  severe  type  of  anemia  appears,  approaching  the  characteristics 
of  tile  pernicious  type.  General  constitutional  .symptoms  apjjear,  and 
epistaxis  may  occur  or  hemorrhages  from  other  mucous  membranes. 
The  disease  is  not  affected  to  any  extent  by  any  form  of  treatment 
except  by  removal  of  the  spleen,  but  when  this  is  done,  recovery  may 
be  said  to  be  the  rule.  The  pathologic  changes  of  splenic  anemia  are 
peculiar  in  presenting  a  diffuse  proliferation  of  the  endothelial  tissue  of 
the  spleen,  together  with  marked  enlargement  and  connective-tissue 
thickening.  The  endothelial  hyperplasia  is  so  extensive  that  the 
appearances  have  been  taken  by  some  writers  to  indicate  a  new  growth — 
an  endothelioma  of  the  spleen.  The  examination  of  the  blood  is  of 
the  utmost  importance  in  establishing  Uk-  diagnosis,  and  only  by  this 
means  can  the  absence  of  lu-ukemia  be  assured.  A  j>eculiar  form  nf 
splenic  enlargement  assuciated  with  cirrhosis  of  the  liver  has  been  des- 
cribed by  Banti.  in  which  splenic  enlargement  was  apparently  primary 
and  the  liver  changes  secondary.  This  condition  is  not  clearly  differ- 
cntiatetl  from  s]i!enic  anemia,  and  in  fact  true  cirrhosis  of  the  liver 
with  enlargement  nf  the  spleen  from  congestion  has  also  been  confused 
with  splenic  anemia  and  has  led  to  errors  of  diagnosis,  Splenectomy 
has  been  performed  in  19  cases,  according  to  Harris'  statistics,  with  14 
recoveries,  and  to  these  may  be  added  a  recent  case  of  Warren's,  making 
20  cases  with  15  recoveries,  or  75  jier  cent,  cured. 

Splenic  leukemia  is  another  [li.sfa.se  which  causes  enlargement  of  the 
spleen.  The  splenic  tumor  may  be  the  first  symptom  for  which  the 
patient  seek."!  relief,  or,  on  the  other  hand,  grave  anemia  may  develop 
before  the  splenic  enlargement  is  detected.  This  condition  should  be 
sharply  differentiated  from  splenic  anemia  by  the  blood  examination, 
the  blood  fif  splenic  levikcniia  being  characterized  by  an  increase  of  the 
white  coqju-scles  and  the  presence  of  myelocytes,  which  are  absent  in 
splenic  anemia.  This  distinction  Is  important  for  the  reason  that 
removal  of  the  spleen  has  heretofore  been  almost  uniformly  fatal  in 
leukemia,  although  giving  such  brilliant  results  in  splenic  anemia. 
Richardson  reports  a  successful  case  of  splenectomy  m  leukemia, 
making  the  fifth  out  of  some  43  cases  operated  upon.  The  excessive 
mortality  in  these  operations  seems  to  be  due  to  a  great  extent  to 
hemorrhage.     At  present  the  operation  cannot  be  recommended. 
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Tumors  of  the  spleen  are  more  often  secondary  and  multiple  than 
primary.  Metastatic  tumors,  both  carcinoma  and  sarcoma,  occur  in 
many  cases  as  part  of  a  general  infection,  and  are,  of  course,  inoper* 
able.  Primary  tumors  of  the  spleen  occur,  as  sarcoma,  angioma, 
hrmphangioma,  fibroma,  and  the  dermoid  and  echinococcus  cysts. 
The  endotheliomata  of  the  spleen  are  not  clearly  diflerentiated  from 
splenic  anemia,  and  reference  has  alreacfy*  been  nude  to  them  in  the 
consideration  of  that  condition.  Fibroma  and  angioma  are  generally 
of  congenital  origin  when  th^  occur  in  the  spleen  and  are  extremely 
rare.  Sarcoma  of  the  spleen  is  more  common  than  the  benign  tumors, 
and  9  cases  are  recorded  by  Hagen  in  which  splenectomy  was  per- 
formed, with  6  recoveries.  This  condition,  however,  cannot  but  be 
regarded  as  a  grave  one. 

The  operation  of  splaiectomy,  which  has  been  advised  for  many 
of  the  above  conditions,  is  one  ctf  the  oldest  operations  in  surgeiy. 
The  ancients  removed  the  normal  spleen  from  runners  in  order  to  give 
them  greater  speed.  At  present  the  operation  is  done  for  a  number  of 
different  pathologic  conditions  of  the  organ,  which  have  been  already 
enumeratefd.  The  mortality  has  been  lowered  decade  by  decade,  until 
at  the  present  time  it  can  be  estimated  at  12.2  per  cent.  (Hagen),  this 
being  the  mortality  of  cases  suitable  for  operation  and  in  which  the 
operation  would  at  present  be  advised. 

Several  methods  of  operation  have  been  recommended,  but,  as  a 
rule,  the  following  procedure  may  be  adopted :  An  incision  may  be 
made  along  the  border  of  the  left  rectus  muscle  from  the  costal  border 
downward,  and  carried  into  the  peritoneal  cavity.  From  this  incision 
a  transverse  incision  to  right  or  left  may  be  made  to  suit  the  needs 
of  the  individual  case.  Adhesions  are  to  be  separated  or  cut  between 
ligatures  when  of  sufficient  size,  and  the  vessels  of  the  hilus  approached 
from  the  inner  side.  In  cases  of  great  enlargement  of  the  spleen  when 
this  mode  of  approach  is  difficult,  separation  of  the  phrenicosplenic 
ligament  will  allow  the  entire  organ  to  be  turned  over  toward  the 
median  line,  with  its  upper  border  pointing  downward  to  the  pubes. 
This  manceuver  brings  forward  the  vessels  of  the  hilus  and  greatly 
facilitates  their  ligation  (Warren).  Owing  to  the  fact  that  the  splenic 
vessels  are  of  large  size  and  of  delicate  structure,  the  utmost  care  must 
be  exercised  in  securing  them.  A  single  ligature  around  the  entire 
mass  may  be  applied,  but  later  each  branch  must  be  secured  and  tied 
separately,  to  guard  against  the  hemorrhage,  which  is  the  most  frequent 
cause  of  death  after  the  operation. 

In  the  greatly  enlarged  spleens  of  anemia  and  malaria  adhesions 
may  be  so  numerous  and  of  such  a  size  as  to  cent  rain  dicate  the  removal 
of  the  organ. 

Results  of  Splenectomy. — ^The  results  of  the  many  operations 
already  reported  show  that  the  spleen  is  not  an  organ  in  any  way  essen- 
tial to  healthy  existence.  A  certain  series  of  phenomena  occur,  how- 
ever, during  the  time  immediately  following  the  operation,  which  are 
practically  constant  in  all  cases,  and  which  may  be  attributed  to  the 
removal  of  the  organ  and  the  loss  of  its  function  to  the  body. 

A  diminution  in  hemoglobin  and  in  the  number  of  red  corpuscles  is 
a  constant  sequel  to  splenectomy  in  animals  as  in  man.    This  diminu- 
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tion  reaches  its  height  two  to  three  weeks  after  the  operation,  aiid  then 
gradually  disappears. 

All  increase  in  the  number  of  leukocytes  is  also  a  constant  result  of 
splenectomy.  This  leukocytosis  rapidly  reaches  its  niaxiniurn,  gen- 
erally about  20,000,  and  then  slowly  declines  to  normal.  The  increase 
is  not  confined  to  the  polynuclear  forms,  but  includes  the  lymphocytes 
and  the  eosinophiles. 

An  elevation  of  temperature,  independent  of  the  condition  of  the 
wound,  has  been  frequently  obscr\'ed  after  removal  of  the  spleen,  but 
cannot  be  regarded  as  of  constant  occurrence.  Mental  disturbance  and 
changed  disposition  have  rarely  been  observed.  Diminution  of  ttie 
biliary  coloring- matters  in  the  stools  has  also  been  noted  as  a  conse- 
quence of  the  lack  of  hemoglobin  derivatives  normally  supplied  to  the 
liver  by  the  spleen. 

Accessor}'  spleens  have  been  found  to  be  present  in  many  persons, 
but  they  arc  by  no  means  constant,  and  in  their  absence  the  function 
of  the  spleen  seems  to  be  assumed  by  several  different  tissues.  Evi- 
dence is  given  of  enlargement  of  the  lymph-glamls  and  i.f  the  thyroid 
in  certain  cases  after  splenectomy,  and  in  animals  increased  vascularity 
of  the  bone-marrow  occurs. 
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The  wide-spread  and  abundant  distribution  of  tlie  lymphatic  channels 
en  the  surface  of  the  body  exposes  the  lymphatic  system  to  every 
trauma,  trivial  or  great,  which  the  body  undergoes.  No  pin-prick  can 
pierce  the  epwdermis  without  opening  up  many  lymphatic  .>ipaces  and 
depositing  in  them  more  or  less  of  the  contamination  of  the  outside 
world.  The  qircstion  of  whether  this  contamination  shall  produce  in- 
fection, or  whether  it  sh.'\!l  be  overcome  by  the  resistant  fluids  of  the 
body  and  carried  off  by  phagocytes,  is  one  that  is  .fctllcd  at  the  point 
of  injury,  in  the  outlying  ramifications  of  the  lymphatic  system. 
When  the  infection  is  too  great  for  the  body  to  overcome,  it  is  through 
the  lymphatic  channels  that  the  septic  process  extends  from  the 
periphery  toward  the  vital  regions  of  the  trunk,  and  ultimately  causes 
death. 

Wounds. — In  subcutaneous  injuric.'%,  and  in  wounds  made  at  opera- 
tion under  septic  conditions,  lat^e  numbers  of  lymphatic  vessels  arc 
opened.  In  such  cases.  howe\'er,  the  question  of  infection  is  generally 
absent,  and  save  for  the  serous  ooze  which  escapes  from  the  wounded 
lymphatic  vessels,  no  harm  results.  This  oozing  from  wounded  Ij-m- 
phatics  is  rarch^  sufficient  to  demand  attention,  but  in  special  regions, 
where  many  large  trunks  are  exposed  to  injurj-.  as  the  axilla  or  groin, 
an  abundant  flow  of  lymph  (lyniphorrhagia)  may  occur  to  an  extent 
sufficient  to  embarrass  healing  and  demand  control  by  gauze  packing 
and  firm  pres-;ure. 

The  thoracic  duct  is  occasionally  wounded  In  the  neck  by  stab 
wounds  or  .tt  optrratlons  in  this  region.  Keen,  Gushing,  and  more 
recently  Allen  .ind  Briggs  have  made  valuable  contributions  to  the 
literature  of  this  subject.  The  thoracic  duct  rises  3  to  5^  cm.  above 
the  sternum  as  it  curves  mto  the  neck  to  reach  its  outlet  at  the  junction 
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of  the  left  subclavian  and  jugular  veins.  The  termination  of  the  duct 
may  be  single  or  multiple,  and  the  number  of  lymphatic  branches 
opening  into  the  duct  in  this  region  vary  to  a  considerable  degree. 
When  the  duct  is  wounded  at  operation  the  escape  of  milky  chyle  may 
be  at  once  detected.  If  the  duct  is  empty,  however,  or  if  it  contain 
merely  lymph,  as  in  the  interval  when  digestion  is  completed,  the  injury 
may  escape  unnoticed  and  become  apparent  only  by  the  subsequent 
collection  of  a  milky  fluid  in  the  wound.  Wounds  of  the  thoracic  duct 
have  heretofore  been  considered  of  grave  significance,  but  this  view  is 
shown  to  be  without  foundation  by  the  number  of  reported  cases  in 
which  suture  or  pressure  were  successful  in  controlling  the  leakage  of 
chyle  and  restoring  the  function  of  assimilation.  Many  cases  of  sup- 
posed wounds  of  the  duct  are  in  all  probability  injuries  to  one  of  sev- 
eral terminal  branches  or  to  one  of  the  larger  lymphatic  trunks  near  to 
its  opening  into  the  duct  rather  than  to  the  duct  itself  Suture  of  the 
wound  in  the  duct  has  been  performed  successfully,  and  in  a  number 
of  cases  packing  and  pressure  have  been  sufficient  to  control  the 
escape  of  chyle.  Extensive  leakage  from  the  duct  is  accompanied  by 
rapid  loss  of  weight,  but  nutrition  can  be  maintained,  as  suggested  by 
Allen,  by  the  administration  of  albumins  and  carbohydrates  until  the 
wound  has  had  an  opportunity  to  heal.  In  operations  in  this  region  of 
the  neck  the  surgeon  must  bear  in  mind  the  dangers  of  this  complica- 
tion and  exert  the  utmost  care  to  avoid  opening  the  duct  or  including 
it  in  a  ligature. 

Actxte  I/ymphansfltis  {Angioleudtis). — Acute  inflammation  of  the 
lymph-vessels  may  be  divided  into  two  classes — those  of  the  peripheral 
system  and  those  of  the  lymphatic  trunks. 

Peripheral  (reticular)  lymphangitis  occurs  probably  to  a  certain 
extent  in  every  wound  penetrating  the  soft  parts,  but  rarely  assumes 
such  proportions  as  to  acquire  diagnostic  or  therapeutic  importance. 
The  type  of  peripheral  lymphangitis  of  a  pronounced  form  is  erysipelas, 
the  full  consideration  of  which  has  been  taken  up  in  a  special  chapter. 

"  Tubular  "  Lymphangitis. — Extension  of  a  septic  process  from  the 
periphery  has  already  been  stated  to  take  place  chiefly  through  the 
lymphatic  trunks.  This  extension  may  be  comparatively  slow,  and 
there  may  be  an  extreme  degree  of  reaction  on  the  part  of  the  vessels, 
or  it  may  occur  with  almost  lightning-like  rapidity.  The  virulence  of 
the  infection,  together  with  the  constitutional  resistance  of  the  indi- 
vidual, seem  to  be  the  determining  factors  of  this  rapidity  of  progress. 
When  resistance  is  strong,  many  leukocytes  are  poured  out,  the  vessels 
are  blocked  by  coagulation,  and  extension  occurs  slowly,  if  at  all. 
When  resistance  is  weakened  or  the  virulence  of  infection  js  great,  few 
leukocytes  appear,  the  vessels  remain  patent,  and  extension  in  the  line 
of  the  lymph-current  is  not  obstructed.  The  causes  of  tubular  lym- 
phangitis are  bacterial,  and,  as  a  rule,  the  streptococcus  is  the  organism 
present,  although  the  staphylococcus,  the  bacillus  of  Ducrey  (chan- 
croid), and  other  bacteria  are  occasionally  found.  Infection  is  often 
from  a  slight  and  apparently  trivial  wound — a  pin-prick  or  a  scratch  or 
cut  at  the  autopsy  table  or  during  a  surgical  operation.  Workers  in 
animal  tissues,  where  decomposition  may  occur,  are  peculiarly  liable  to 
these  infections.     Diabetes  and  other  constitutional  diseases  are  said  to 
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be  predisposing  causes.  All  degrees  of  rapiiiit}'  of  progress  occur,  and 
often  a  period  of  incubation  exists  between  the  introduction  of  the 
infection  and  the  appearance  of  symptoms.  In  other  cases  (galloping 
lymphangitis)  no  such  latent  period  is  present,  but  ihe  symptoms  begin 
at  once  and  make  such  rapid  strides  that  their  progress  can  be  noted 
from  moment  to  moment. 

The  symptotHS  are  local  pain,  the  dcvelopnwnt  of  red  lines  along  the 
course  of  the  lymphatic  trunks,  and  the  constitutional  symptom-^  of 
fever  and  chills,  nausea  and  headache,  which  accom[>;iny  any  virulent 
infection.  The  red  lines  are  due  to  inflammation  of  the  lymphatic  ves- 
sels and  of  the  ti.ssues  surrounding  them — a  pcrilj-mphangilis  which 
can  occasionally  be  felt  as  an  indurated  cord  beneath  the  *^kin. 

The  lymph-glands  in  the  course  of  the  infection  will  take  part  in 
the  general  acute  inflammatory  |)rocess,aiid  the  swelling  and  tenderness 
of  an  axillary  or  inguinal  gland  may  indeed  be  the  first  symptom  to 
point  to  the  infection. 

The  progress  of  the  disea.«ie  may  var>'.  Localisation  may  occur  at 
the  uriginal  point  of  injurj'  and  an  abscess  develop.  Suppuration 
along  the  course  of  the  lymphatic  trunks  may  occur,  with  multiple 
superficial  abscesses,  or  a  deep  phlegmon  may  be  produced  when  the 
deeper  trunks  are  mainly  involved.  Abscesses  of  the  lymph-glands 
in  the  course  oi  the  infection  are  not  uncommon,  and  finally  either 
the  entire  process  may  resolve  without  outside  interference,  or,  on 
the  other  hand,  the  surgeon  may  be  powerless  to  arrest  the  upward 
progress  of  the  disease,  and  death  may  occur  with  .symptoms  of  an 
intensely  rapid  septicemia  or  with  the  more  slowly  developed  symptoms 
of  pyemia. 

The  treatment  of  this  condition  must  be  prompt  to  be  effective. 
Removal  of  the  cause,  by  enlargement  and  thorough  cleansing  or 
cauterization  of  the  wound  of  entrance,  is  the  first  requisite  when  the 
case  is  seen  immediately,  and  may  well  be  done  in  every  ciise.  General 
supportive  and  stimulating  treatment,  and,  above  all.  alcohol,  must  be 
supplied.  Amputation  of  the  infected  part  may  be  indicated  at  once 
in  cases  of  severe  infection,  or  later  when  deep  phlegmonous  inflam- 
mations occur.  The  application  of  antiseptic  poultices  and  baths  will 
be  of  service.  When  local  abscesses  form,  either  superficial  or  deep, 
they  should  be  freely  opened  and  evacuated  without  delay.  The  prog- 
nosis depends  almost  entirely  on  the  \-irulence  of  tlie  infection,  but 
acute  advancing  lymphangitis  should  never  be  regarded  as  other  than 
a  serious  disease. 

Chronic  lymphangitis  may  result  from  the  gradual  subsidence 
of  an  acute  process,  tir  ntay  be  produced  by  agents  such  as  filaria, 
cancer,  or  the  tubercle  bacillus.  Treatment  of  this  condition  is  rarely 
nccessarv'.  The  blocking  of  the  lymphatics  by  actual  growth  of 
carcinoma  cells  sometimes  produces  lymph-stasis  in  the  area  involved, 
and  actual  injection  s|x.-cimens  of  the  lymphatic  vcsseb  are  fKcasionally 
produced  In'  the  malignant  growth. 

Fllarla. — One  sjiecific  and  peculiar  cause  of  chronic  inflammation 
of  the  Ijmphatic  vessels,  is  the  filaria  sanguinis  hominis.  This  organ- 
ism is  a  worm  of  minute  size,  which  makes  its  home  in  the  lymphatic 
trunks  of  the  human  host,  and  by  its  presence  and  the  dischai^c  of  its 
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ova  produces  inflammation  and  obstruction  of  the  lymph-channeU. 
The  disease  is  endemic  in  tropical  countries,  and  occasionally  occurs  in 
the  southern  United  States.  The|jarcnt  worms  arc  said  to  be  ingested 
with  drinking-water,  and  make  their  way  into  the  lymphatics  of  the 

lower  abtlomcn.  Here  lhc>'  take 
up  their  abode  and  engage  in  the 
prolific  reproduction  for  which  they 
are  remarkable.  The  young  filariz 
arc  poured  out  into  the  lymph-chan- 
nels and  [jass  from  them  into  the 
bluotl,  this  process  occurring  gener- 
ally at  nifjht.  A  positive  diagnosis 
may  be  made  by  the  recognition  of 
the  active  embr>-onic  filarix  in  a  fresh 
six'cimen  of  the  blood. 

The  symptoms  of  filarial  disease 
iirr  not,  however,  those  of  lymphan- 
.  but  are  the  symptoms  of  its 
I  icla:  —  the  obstruction  of  the 
iymph -channels.  This  obstruction  U 
manifested  by  a  lymph-stasis  in  one 
of  SLVcnd  regions  of  the  body  and  a 
.subsequent  enlargement  of  the  part 
to  such  proportions  as  to  justify  the 
common  name  applied  to  the  disease 
— elephantiasis.  The  lymphatics  of 
the  abdomen  and  of  the  genitalia  arc. 
as  a  rule,  the  favorite  habitat  of  the 
fiiaria.and  elephantiasis  of  the  scrotum 
(lymph-scrotum)  and  labium  and  of 
the  lower  extremities  are  the  must 
common  forms  of  the  disease.  Fever. 
natisca,  and  pain  of  an  inlemjittent 
character  are  occasionally  observed 
at  the  onset.  The  part  increases 
slowly  in  size  with  the  collection  of 
lymph  in  the  obstructed  channels. 
The  skin  becomes  sodden  and  thick- 
ened and  loses  its  recuperative  power; 
slight  excoriations  persist  as  shallow 
ulcerations  and  fissures,  from  which 
the  stagnant  lymph  exudes  abun- 
dantly ( lymphorrhea).  Enormous 
tumors  of  the  scrotum  and  labium 
result,  and  the  legs  may  become  so  enlarged  as  to  interfere  to  a  great 
extent  with  locomotion. 

False  elephantiasis  is  the  name  applied  to  cerUin  cases  of  lymphatioj 
obstruction  which   arc   due   not   to   the  filaria.  but  to  other  causes^ 
such    as   trauma   or   tlie   pressure    of  tumors    upon    the    lymphatiq 
trunks.     The  degree  of  enlargement  of  the  affected  parts   rarely  at- 
tains the  enormous  proportions  of  the  true  or  filarial  elephantiasis. 
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The  false  form,  however,  is  that  most  often  met  with  in  northern  or 

tcni[H.Tntc  climates, 

Chyluria. — The  jjreseiicc  of  chyle  in  (he  urine  may,  like  elephanti- 
asis, he  iluc  III  ttie  Hlartii,  i>r  to  iiihcr  coiuHtion.s  causing  obstruction  to 
the  lymphatics.  In  this  condition  a  communication  exists  between  the 
abdominal  lymphatics  and  the  urinaiy  passages.  The  urine  is  milky 
while  when  passed,  or  it  may  also  contain  blood.  Chyluria  is  generally 
an  intemiittc-nt  affecti'tn,  and  may  exist  in  this  way  for  many  years 
without  >icrious  clTfCts.  Chylous  ascites  is  another  condition  which 
may  be  producerd  by  tJic  filaria  or  other  catiscs  of  lymphatic  obstruc- 
tion. \ihcn  communication  is  established  between  the  lymphatic  trunks 
ami  the  peritoneal  canity. 

The  treatment  of  elephantiasis  .ird  of  chyluria  must  be  mainly 
snrgical.  Systemic  and  symptomatic  medical  treatment  can  be  only 
palliative,  antl  the  point  of  obstruction  or  of  communicatiun  must  be 
sought  and  removed  in  order  to  obtain  perni.nrent  relief  from  the  dis- 
ease. In  cases  of  true  filarial  disease,  operative  removal  of  the  glands 
in  the  groin  in  which  the  ndult  parasites  were  present  has  given  satis- 
factory results.  When  lymph-scrotum  has  reached  such  proportions 
as  to  be  a  burden,  amputation  may  be  performed. 

Lymphangicctasis  ;  I/ymphangioma. — Any  diffuse  dilatation 
of  prL-existtiu  l>rnpJ],itic  voxels  rn.iy  properly  be  called  lymphangicc- 
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Flo.  ^60, — CaveriiDiji  lyfnphaogiom.i  <jl  ihi;  .mil  1  -.'f  lornniiljl  'ir-gln  (Warren). 

tasis.     A  tumor  consisting  of  lymphatic  vessels  or  any  circumscribed 
ditatation  is  termed  ii  lymphangioma. 

The  ditatation  may  occur  in  the  superficial  network  of  lymphatics 
or  may  affect  the  larger  trunks.     In  the  one  case  a  lymphatic  nxvus  is 
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produced,  similar  in  every  way  to  true  narvi,  and  congenital  in  origin. 
In  the  other  case,  single  or  mtiltipk-  cysts  or  cavernous  structures  may 
be  produced,  which,  as  a  rule,  have  been  given  special  names  accord- 
ing to  their  situation.  The  neck,  tongue,  and  lip  are  most  frequently 
involved. 


Fig.  46i.'-Otcriiuiib  1>  inphaogioma  of  neck  and  axilia  in  a  yuung  wuiiidii  (Humao's  our). 

Macroglossia.^Ob-itriiction  to  the  lymphatics  of  the  tongue  pro- 
duce tJic  cfMulitioi!  known  by  this  name.  The  obstruction  may  be  con- 
genital, or  it  may  be  due  to  some  inflammatory  or  traumatic  obstruction 
in  later  life.  Congenital  cases  are  attributable  to  the  same  causes 
acting  in  embryonic  life  or  to  developmental  defects.  The  tongue  be- 
comes enlarged,  and  although  the  disease  is  in  itself  not  |xiinful,  the 
continual  enlargement  soon  prevents  closure  of  the  lips  and  jaw, 
the  mucous  membrane  becomes  dry  and  fissured,  and  a  serious  con- 
dition results.  The  point  of  obstruction  can  rarely  be  determined. 
Operative  treatment  consists  of  resection,  or  puncture  and  scariHcation 
with  the  cautcr\'. 

UacTOcheilia  is  a  lymph  an  gtcctasis  of  the  lymphatics  of  the  Up. 
Its  symptoms  and  treatment  are  much  the  same  as  those  of  macro- 
glossia. 


LYMPHATIC  Gi.AXDS. 

Cystic  hygroma  is  a  tumor  of  the  deep  lymphatics  which  occurs 
most  iVcqucntly  in  the  neck,  and  occasionally  in  other  parts  of  the 
body.  The  tumor  is  of  the  cavernous  ty]x-,  and  is  nude  up  of  a  mass 
of  interconiminiicating  cysts  and  spaces,  with  delicate  walls,  containing 
a  clear  liniplil  fluid  of  the  character  of  lymph.  The  obstruction  to  the 
lymphatic  channels  is  usually  congenital.  Removal  of  the  tumor  by 
operation  is  the  only  treatment. 


LYMPHATIC  GLANDS. 

Acnte  Adenitis. — The  function  of  the  lymph-gland  is  to  collect 
the  lymph  and  strain  it  of  deleterious  substances  before  passing  it  on 
to  its  ultimate  destination  in  the  blood,  In  connection  with  this  func- 
tion abundant  opportunity  for  infection  and  inflammation  of  the  lJ^nph- 
glands  is  afforded.  A  period  of  hyperemia  of  the  gland  is  the  first 
stage  of  an  acute  adenitis,  then  cellular  exudation  and  hemorrhage,  and 
ultimately  abscess  or  resolution,  or,  as  occurs  more  frequently,  subsi- 
dence into  a  chronic  adenitis. 

Acute  adenitis  occurs  as  the  result  of  acute  lymphangitis,  and,  in 
fact,  accompanies  every  septic  process  of  much  sevcrit>r.  It  may  be 
brought  about  by  a  great  variety  of  bacteria  or  their  toxins,  and  be- 
comes the  main  feature  of  the  disease  in  a  few  special  infections,  as,  for 
example,  that  of  chancroid  or  the  bubonic  plague.  Acute  adenitis  in 
these  diseases  generally  occurs  in  the  inguinal  lymph-glands  and  passes 
by  the  name  of  bubo. 

The  treatment  of  acute  adenitis  consists  of  hot  applications,  flaxseed 
poultices,  and  rest.  If  resolution  is  delayed,  counterirrilation  may  be 
of  benefit.  When  abscess  occurs,  it  should  be  0]x:iicd  and  the  cavity 
thoroughly  cleansed.  Abortive  treatment  has  not  been  successful  in 
the  hands  of  the  majority  of  surgeons.  Healing  is  tediou.s,  but  rarely 
complicated.  The  delayed  healing  of  abscesses  having  origin  in  lym- 
phatic glands  is  frequently  due  to  the  fact  that  suppuration  may  be 
well  established  in  foci  at  the  periphery  of  the  gland,  while  )ct  the 
central  portions  of  the  gland  substance  are  intact.  Tlic  sloughing  and 
discharge  of  these  later  infected  portions  of  the  ghnn:3  are  the  cause  of 
much  vexatious  delay  in  recovery,  and  their  thorough  removal  with 
scissors  and  curette  will  greatly  expedite  the  collapse  and  closure  of  the 
wound. 

Chrotiic  Adetiitis. — Chronic  and  subacute  inflammations  of  lymph- 
glands  arc  of  frequent  occurrence,  and  maybe  due  either  to  a  previous 
acute  adenitis  which  has  subsided,  or  to  the  presence  of  irritative  sub- 
.stances  or  bacteria  which  manifest  their  presence  by  a  slower  process 
and  one  of  long  duration.  Hereditary  tendencies  and  con.stitutiona] 
conditions  play  a  part  in  the  predisposition  to  chronic  adenitis,  and  the 
now  obsolete  term  of  "  scrofulous"  was  often  applied  to  persons  exhibiting 
this  tendency. 

The  most  frequent  causes  of  chronic  adenitis  are  tuberculosis  and 
.syphilis,  iilthough  other  bacteria  and  their  toxic  products  may  give  rise 
to  the  same  condition. 

Simple  non-tubercular  chronic  adenitis  is  a  condition  generally  met 
with  in  children,  and  most  often  in  the  cervical  glands.     It  is  attributed 
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to  tonsillar  and  faucial  absorption.  The  glands  become  enlarged  and 
hard,  and  may  undergo  fatty  degeneration.  Secondary  infections  may 
occur  and  abscesses  result,  or  the  entire  process  may  subside,  leaving 
a  hard  mass  which  eventually  contracts  and  gives  rise  to  no  further 
symptoms.  Treatment  is  confined  to  hygiene  and  constitutional  meas- 
ures, and  the  avoidance  of  further  irritation  by  attention  to  any  disease 
of  the  nose  or  throat  or  of  the  teeth. 

Tuberctilar  adenitis  is  one  of  the  most  common  diseases  of  the 
lymphatic  glands.  Children  are,  as  a  rule,  most  commonly  affected, 
but  the  disease  is  by  no  means  confined  to  early  life.  The  lymph- 
glands  in  all  parts  of  the  body  may  be  involved,  but  those  of  the  neck 
externally,  and  of  the  mediastinum  and  mesenterj^-  of  the  internal  groups 
are  most  commonly  affected. 

The  infection  is  rarely  in  a  single  gland.  The  individual  glands  are 
enlarged  and  at  first  hard.  Nodules  and  diffuse  areas  of  tubercular 
tissue  are  scattered  through  their  substance.  Tubercles  and  giant- 
cells  are  frequently  seen.  Later  caseation  and  liquefaction  occur.  At 
this  stage  of  the  disease  secondary  infection  may  occur  and  an  abscess 
form  ;  or  the  resistance  of  the  tissue  may  cause  the  process  to  be  en- 
capsulated, and  absorption  or  calcification  of  the  liquefied  tissue  may 
take  place.  In  young  adults,  when  the  process  is  general,  proliferation 
may  be  active  and  liquefaction  delayed,  and  in  such  cases  the  diagnosis 
from  Hodgkin's  disease  may  be  most  difficult. 

Treatment. — Hygiene  and  constitutional  measures  are  the  main 
factors  in  the  treatment  of  this  disease,  together  with  attention  to  the 
condition  of  the  throat  and  teeth.  Many  cases  fail  of  cure  for  lack  of 
this  attention.  Operative  removal  is  advised  by  many  surgeons  as  a 
routine  treatment,  and  in  adults  this  procedure  can  be  recommended 
when  performed  early,  as  giving  less  scar  and  less  danger  of  general 
tubercular  infection  than  palliative  treatment.  In  children,  however, 
constitutional  treatment  often  arrests  the  disease,  and  operation  may 
properly  be  reserved  fur  the  more  obstinate  cases.  When  abscess 
occur:^,  a  small  incision  is  to  be  made,  and  the  partially  disorganized 
gland  tissue  thoroughly  curetted  out.  General  niiliarj''  tuberculosis 
or  some  other  form  of  fatal  tubercular  disease  results  in  a  very  small 
proportion  of  cases,  and  more  oflen  from  infection  of  the  mediastinal 
and  bronchial  f^lands  than  from  those  of  the  neck  and  axilla.  When 
the  retroperitoneal  and  mesenteric  glands  are  involved,  operation  is  indi- 
cated and  has  jTJven  good  results. 

Syphilis  causes  a  chronic  adenitis  of  a  peculiarly  fibrous  nature,  with 
slight  increase  in  the  size  of  the  gland  and  a  painless  course.  Gumma 
also  occurs  in  lymph-glands  and  does  not  differ  from  gumma  in  other 
regions. 

The  predLsposition  of  carcinoma  to  form  metastases  in  the  lymph- 
glands  of  the  nearest  system  of  lymphatics  is  well  recognized.  Such 
metastases  are  due  to  the  transfer,  through  the  lymphatic  vessels,  of 
minute  frai^ments  or  cells  of  the  carcinomatous  growth.  Glands  in- 
fected with  carcinoma  receive  the  infection,  as  a  rule,  in  the  periphery'. 
From  this  point  the  tumor-cells  graduallj'  invade  the  tissue  of  the 
gland,  replacing  and  displacing  the  normal  h-mphoid  tissues.  Extension 
through  the  capsule  of  the  gland,  along  the  lymphatic  vessels,  and  into 
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the  surrounding'  tissues  soon  occurs.  When  degeneration  or  suppura- 
tion occiira  in  the  primar>'  tumor,  simple  adenitis  may  occur,  and  the 
lymph-glands  niuy  be  enlarged,  without  actual  metastatic  growth  of 
carcinomatous  cells.  Such  a  condition  must  be  borne  in  mind  by  the 
surgeon  in  c-stimating  the  extent  of  a  given  carcinoma  growtli,  although 
in  any  case  of  carcinoma  an  enlarged  gland  must  be  supposed  to  be  a 
metastatic  gro\rth  until  the  contrary  Is  proved.  Sarcoma  occasi4)naIly 
gives  metastases  in  lymph-glands,  although  by  no  me^ins  so  frequently 
as  carcinoma.  Its  manner  of  gruwtJi,  however,  when  once  trans- 
planted, is  much  the  same. 

Primary  tumors  of  Ijrmph-glands  arc  of  comparative!)*  rare 

occurrence,  and  their  tiilTerciili.iIiim  and  nomenclature,  even  at  the 
present  time,  are  unsatisfactory  and  obscure.  Lymphatic  leukemia, 
Ilodgkin's  disease,  and  sarcoma  are  the  diseases  which  will  be  con- 
sidered under  this  Jieading- 

I«}rmphatic  I«etdceniia. — The  pathologic  changes  characteristic 
of  lymphatic  Icukeniia  arc  two  in  number — enlargement  of  Ihc  lym- 
phoid tissue  of  the  body  and  increase  in  tlie  number  of  the  lymphocj'tes 
in  the  blond.  The  lymph-glands  takr  part  in  the  general  enlargement 
and  increase  in  sixe  to  such  an  extent  as  to  form  tumor  masses  in  the 
neck,  axilla,  and  In  other  regions.  Histologically  the  .structure  of  the 
lymph-gland  is  maintained  In  the  enlargements,  and  the  glands  remain 
freely  moveable  and  discrete.  This  process  is  properly  a  hyperplasia 
rather  than  an  actual  tumor- formation.  The  lyniphoid  tissues  else- 
where take  part  in  this  hyperplasia  and  appear  as  nodules  in  the  intes- 
tine, spleen,  .md  liver.  The  course  of  the  disease  may  be  slow,  or,  on 
the  other  hand,  so  rapid  as  to  suggest  an  infective  process.  Anemia 
is  a  n^arked  symptom  and  the  diagnosis  depends  upon  the  blood 
examination.  Treatment  is  of  little  benefit.  Operative  treatment  is 
not  recommended. 

Hodgkin's  Disease  {Pscudoiiukemia ;  Malignat%t  Lymphoma ; 
Adt-nu- :  Lymphosarcoma). — This  disease  involves  the  lymphoid  tissues 
of  the  body  in  its  early  stages  in  much  the  same  manner  as  leukemia; 
aiul  thus  the  name  of  pseudoleukemia  is  derived. 

The  disease  begins  with  a  gradual  onset  and  one  or  more  super- 
ficial glands  become  enlarged.  The  cer\'ical  region  is  generally  first 
attacked.  The  anemia  may  be  quite  as  marked  as  in  lymphatic 
leukemia,  but  no  increase  of  leukocytes  occurs.  Kxtenston  takes 
place  to  other  systems  of  lymphatic  glands,  and  may  ultimately 
involve  the  lyntjihoid  tissues  generally  throughout  the  body.  Histo- 
logically the  early  stages  of  the  disease  show  only  a  hypeqslasia  of 
the  entire  complicated  lymph-gland  structure,  and,  as  is  found  in  leu- 
kemia, the  sinuses  remain  open  and  the  glands  arc  discrete.  Later, 
however,  the  appearance  is  that  of  a  malignant  growth,  made  up  of 
lymplioid  cells  In  their  proper  reticulum.  This  growth  infiltrates 
the  gland-capsule,  invades  surrounding  tissues,  and  ultimately  pro- 
duces metastases  In  other  parts.  This  is  the  true  lympho.sarcoma  or 
malignant  lymphoma.  A  hard  and  .loft  form  of  the  disease  liavc  been 
distinguished,  depending  on  the  amount  of  reticulum  present.  The 
individual  glands  become  welded  together  into  large  masses  in  the 
neck  and  mediastinum,  which  may  obstruct  the  trachea  and  vessels. 
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Degeneration  occurs  at  times,  and  suppuration  may  result  from  skin 
involvement 

It  is  undoubtedly  true  that  many  cases  of  general  tubercular  aden- 
itis have  been  mistaken  clinically  for  Hodgkin's  disease,  but  histologi- 
cally the  difficulties  of  distinction  should  not  be  so  great,  and  in  this 
connection  the  removal  of  a  specimen  of  the  tissue  for  diagnosis  may 
be  of  inestimable  service.  The  treatment  of  Hodgkin's  disease  is 
mainly  symptomatic  and  constitutional.  Arsenic  is  of  the  most  value. 
Operative  removal  of  the  affected  glands  has  not  been  successful  in 
preventing  the  progress  of  the  disease  when  once  it  was  well  established, 
but  in  early  cases  it  should  be  attempted. 

Sarcoma. — From  the  !yn:ph-glands.  as  from  any  other  tissue  of 
mesoblastic  origin,  sarcoma  may  arise,  To  the  peculiar  sarcoma  which 
repeats  the  type  of  lymphoid  tissue  (lymphosarconia.  or  Hodgkin's 
disease),  reference  has  been  made.  In  addition  to  lymphosarcoma, 
sarcomata  of  many  varieties  have  been  described  as  taking  iheir  origin 
in  the  tissues  of  the  lymph-gland.  They  differ,  however.  In  no  respect 
from  sarcomata  in  other  situations ;  they  arise  from  one  gland,  not 
from  a  system  of  glands,  and  they  ntay  be  made  up  of  large  or 
small  round  cells  or  spindle  cells,  or  may  be  of  the  type  of  mixed- 
cell  sarcoma.  Endothelial  tumors  and  angiosarcoma  luve  also  been 
described.  The  treatment  of  sarcoma  arising  in  lymph-elands  is  the 
same  as  that  of  sarcoma  elsewhere,  and  operation  must  be  done  eariy 
to  be  of  benefit 
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imiruments  required  ia,  339                                            ^^H 

Active  hypetemio,  43 

intcmii-duite.  335                                                                ^^^| 

1                 Actual  cautery,  433 

intenKapulothorack,  347                                             ^^H 

1 

HIT                             ^H 
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Amputatlont,  knee,  357 
Curdcn'i  method,  ul 
Oriul't  mtthod,  35! 
through  th*  condylt,  35I 

Hey-LM,  MS 

lower  third,  354,  337 

middle  third,  355 

upper  third,  356 
Llnimne't,  349 
long  uitflrior  lUp-mcthod,  34a 

rect«nguUr  flap-mediod,  340 
Mftlnlgne't,  341 
medTotanal,  350 
meticarpal  bonai,  3A1 
metMupophakagMl  «rtktd>tioa,  941 
meut&rul  bone,  349 
nethodi  of,  339 
oval  method,  340 
Pirogoff'i,  3Si 
preparftiloiifor,  33! 
primary.  335 
ncket,  341 
Roux's,  35* 
secondary,  335 
■houlder-Jtunt,  346 

doubto>fUp  mattod,  M^ 

Larrey's  method,  346 

Lisfraac's  method,  346  f 

oval  method,  346 

Speace's  mewMl,  347 

Wyeth*«,  347 
by  tkin-flaps  and  cfaodar  divWoB  of 

nu  nuJwoUi*.  3SS 
Symes's.351 
thi^,  3Sa 

loBX  antertor  ftap-meAod,  360 

modified  circuUr  method,  360 
fla[>-op«'ration  io  lower  third,  359 

S^tlilKit's  method.  360 

WrmaK-'s,  J59 

\V\iMh  s,  360 
(iltUii.trsitl.  351 

tuo  aJioining.  349 
wrwi.  !4j 

.xntrrvipitstcrior  OAps.  34a 
di\uUr  methtHl.  j^a 

cuhii.ition,  a? 
AnAi,'mi.-.v;  tutieTvle,  108.  aw 

Awf>;hifs:a  by  t»kl.  43$ 

;a  TOiror  suripfrr.  .^ao 

eucjdn.  451 

::;  ni.noT  s«iTpfr\.  45a 

p-nfr»:  445 
K.vvV*ia    455 

1=  w:s<«  SuiipeTT,  451 

a  ro-.a-,^  iaiyetx  4aS 
k:t^u,  ^^^i   45-  ■ 

:x  mnoc  ssr^efr.  4^ 


An«itheaift,  apinal,  456 

•urgical,  439 
Anesthetic  nuxttires,-444 
Anesthetics,  abaoipdon  by  the  Mood.  44Z 

action  on  nervous  system,  44a 

death  under,  451 

In  minor  anniety,  427 

infloe&oe  in  Mut-musde,  44a 

pharmacology  o(  439 

pottnarcotic  changes  pFOdMoed  \tj,  443 
Aneurynn,  913 

aci^uncture  for,  9x6 

arterioveaous,  914 

axiHarr,  981 

carotia,9az 

diffuse,  914 

dissectii^,  914 

eroaion  of  veitebne  by,  854 

ctkdogy,  915 

Use,  914 

femoral,  919 

fiuiform,  914 

nlvanopanctnn  in,  917 

hernial.  914 

ionondnate,  990 

intracranial.  Bao 

ligatare  ia.  918  * 

needling  for,  917 

of  abdoninal  aorta,  919 

of  aorta,  919 

of  Qiac  arteries.  9x9 

of  scai^,  789 

popliteal,  919 

paogBoas.916 

saccnlaled,  914 

sobdavian,  9at 

tranmatic,  900, 914 

luaiiiiiiii.  jjifi 

tme.  914 

tubular.  914 

wilhio  the  head.  Sao 
An^olencitii.  928 
Ao^omau.  479.  911 
{      cavernous.  91 1 

plexifonn.  479 
Angular  curvatarr  in  IVm's  disease.  843 
Anilia-vater  miiiure.  27 
I  Ankie.  dislocation  <A.  651.     See  abo  F»*t,  dii- 

joint,  arthritis  of.  744 
excakm  ot  37a 
s<  novitis  of.  743 
Ankviosed  elbus.  exciaoo  of.  367 
AnL.>k»;s  of  hp-fomt,  csteoioay  Sar.  33C 
of  >»».  ^e-!*>^!^OD  for.  3S9 
of  kiK-c-K>;r:L  Ofleotomy  for.  379 
.\ciod\iM^  :□  siS^mmatxMt.  56 
An:er-or  cruyjl  twrre,  in.iarT  o(  891 

bjo.".Ius  oi.  J7 
i=arwr-o:<.fT.  37 
cv.;rs*  of.  ig6 
liujraosis    !■;" 
e':it»'oc»     i-= 

::-^~^:.   isS 
Ag-'na^ji.-r    ^leccuwa  =1 


^^^^^^^^^^B               ^^^^^^^^^^^^^^^B 

Antiwpsls,  070 

Arteritis,  traumatic,  903                                          ^^^^H 

Antiseptics,  chemical.  975 

trraimrni,  904                                                           ^^^^^H 

Anitiireptococcie  serum  in  poboned  wounds. 

Artirry,  axillary,  331                                                ^^^^^H 

to8 

brachi.1l.  333                                                        ^^^^^H 

Anlitettnin.  i$7 

constriction  of,  rciiaJr  of,  136                              ^^^^^H 

Antitoxic  protctds.  4a 

infl.immation  of,  90a.     S»x  t\K>  Arteritis.          ^^^^^M 

Aatiloxin.  telaniu.  187 

ruptkirc  of,  S99                                                     ^^^^^1 

Anliveovne,  an 

Ireatineni.  900                                                  ^^^^^H 

Antiv-enoniaus  s«rum,  ail 

lucure  of.  899                                                      ^^^^^1 

AotUt.  abilominal,  ancuryim  of,  919 

wound  of,  bealinif  of,  136                                    ^^^^^H 

Itgaiurfi  of:  3:97 

Artery  •futceps,  313                                                              ^^^| 

iiiicurysm  of.  919 

Ailbrcctomy.  375                                                                  ^^H 

A;)pendiciiis,  Icukocytosii  in,  83 

ArtbritU,  704                                                                         ^^H 

Arcfi  iif  MTiell,  795 

acme  gouiy.  706                                                         ^^H 

of  tasur.  795 

etiology.  706                                                              ^^H 

sensorimotor.  793 

irc;kimrTit,  706                                                            ^^H 

sound, 795 

thcumatic,  707                                                              ^^^| 

speech,  794 

dingnosis.  707                                                    ^^^^^M 

visuaI.  794 

ciJo1u(;y>  7^7                                                      ^^^^^1 

Anstol,  «7Q 

sympToins.  707                                                  ^^^^^H 

Arm,  amputiktion  of,  339 

trc.iimeni.  707                                                   ^^^^^H 

Arnoit's  pUn  of  kncstbcsl*.  438 

after  frjciurc.  $at                                           ^^^^H 

Arrest  of  blc«dln|;.  $t$ 

(Icfornmns.  709                                                    ^^^^^| 

Arterial  hematoma.,  900 

diaicnosil,                                                                   ^^^^^H 

liemunluLKe,  897 

etiulogy.  704                                                        ^^^^^1 
gonorrheal.  71a                                                   ^^^^^H 

varix.  911 

Arteries.  U^ture  of,  316 

diagnosis,  713                                                        ^^^^^| 
eliulogy,  712                                                    ^^^^^H 

abctomtnal  sorta,  3x7 

cu^)lid,  cammuti.  335 

symptomii.  71a                                                       ^^^^^| 

eiternnl.  333 

^^^^^^1 

internal,  335 

713                                                       ^^^^^1 

(t'lrcilis  pedis.  33a 

neurofMthic,  700                                                  ^^^^^H 
etiology  of  jaa                                               ^^^^^H 

(iicial.  3  a? 

ftmomi,  330 

■renimcnt,  730                                                  ^^^^^| 

tn  Hunter's  canal,  331 

744                                                       ^^^^^H 

glulcil,  330 

^^^^^H 

ilirtc.  common.  3^7 

739                                           ^^^^^H 

cxirapcntoncal.  3JS,  $y» 
cxlcriml,  3aS 

shoulder.                                                               ^^^^^1 

pathology.  705                                                     ^^^^^H 

internal,  338 

prugnosu.  706                                                      ^^^^^1 

Innomiunlc,  317 

rheumatoid.  709                                                   ^^^^^| 

linitUAl,  336 

diagnosis,                                                                ^^^^^^| 

ocdpital,  337 

elkilogy,  7tO                                                          ^^^^H 
palhotegy.  709                                                       ^^^^1 
pfognoMs,  711                                                  ^^^^^H 

li'iplitFul.  331 
puilic.  iniernal.  330 

radt.-il.  333 

710                                                 ^^^^^1 

lower  third,  333 

tre.-ttment,  711                                                        ^^^^^| 

ijpp'T  third.  333 

decs,  709                                                                    ^^^^^1 

aei.iilc,  330 

^^^^^H 

subcUvinn.  318 

704                                         ^^^^^^1 

in  firal  portion.  318 

treatment.  70<i                                                           ^^^^^^| 

m  second  portion.  318 

lubcrculAT  osicitic,  713                                             ^^^^^^1 

in  third  iKiriiuit,  319 

amputation  in.  730                                             ^^^^^H 

lempontl,  317 

amilncill.iry  inJcLiions  in,  717                                ^^H 

thyroid,  mfrnor.  3S0 

nnii tuberculin  injections  in,  718                   ^^^^^M 

suprrior.  319 
liblai.  anlrilur.  33a 

arlbroloniy                                                         ^^^^^| 

KsiHtntion                                                           ^^^^^1 

posterior,  333 

chrunit  ronjiestive.  irealmcnl.  71I               ^^^^^| 

ulinr,  334 

^^^^^1 

vcrtebnl.  331 

erosion        719                                                  ^^^^^^| 

repair  of.  135,901 

etiologv,  714                                                      ^^^^^1 

wfunds  of.  899 

exdsioii  of  Joint  in.  7>a                               ^^^^^H 

ArteriCMclcroUc  EBncrene.  sx3 

sac                                                    ^^^^^H 

Arlerio venous  aneurysm,  900 

igntpunclure  in,  717                                        ^^^^^H 

Arirritis,  909 

pathology,  7t3                                                  ^^^^H 

acute,  903 

symptoms.  714                                              ^^^^H 

chronic.  903 

^^^^^^1 

deromiAns,  903 

irealrnenl,  7lfi                                                           ^^^^^^| 

oblllentn«,  gangrene  from.  »i$ 

Irrphlnlnc  of  lionc  in,  717                               ^^^^^H 

rheumatic,  903 

Arlhro|Mthic  l)lefinurrh.>gi()ue,  71a                           ^^^^^H 

suppurative,  903 

.4nhr>paihy,  spiiul.  730                                               ^^^^^| 

symptoms,  904 

Atllirvlomy  for  JtMal-liUiercukisb,  7tt                       ^^^^^| 

syphilitic.  90J 

Asepsis,  370                                                                      ^^^^1 
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Aseptic  stu^ery.  lechnic  of,  969 
postoperative  fever,  blood  in,  86 
wound  fever.  143 
diagnosis,  143 
etiology,  14a 
symplums.  143 
treatment  of,  143 
Asphyxia,  local,  330 

Aspiration  in  tuberculous  pleurisy  and  empy- 
ema, 255 
Astragalus,  dislocation  of,  causation  and  classi* 
fication,  635 
diagnosis.  657 
frequency,  655 
prognosis,  657 
symptoms,  656 
treatment,  657 
excision  of,  395 
fracture  of,  596 
Atheroma,  903 
Atheromatous  cysl,  786 
Ailo-axoid  disease,  symptoms  of,  846 

dislocation,  834 
Atrophy  of  limb  after  fracture,  591 

of  muscle,  771 
Attenuating  proteids,  41 
Auditory  nerve,  lesions  of,  8B6 

speech -area,  794 
Autointoxication,  140 
diagnosis,  141 
treatment,  141 
Auto  transfusion  in  burns,  114 
Avulsion  of  gustatory  nerve,  874 
of  inferior  dental  nerve,  874 
of  infra-orbital  nerve,  873 
of  nerve.  873 

of  supra-orbital  and  frontal    branches   of 
ophthalmic  nerve.  874 
Axillary  aneurysm.  931 
artery,  ligature  of,  321 
suture  of,  S99 

Bacei.I.I's  treatment  of  tetanus,  188 

Itacilli.  17 

ItaciUus  .i(:rcjj;enes  capsulalus,  40 

coli  communis,  32,  58 

of  anthrax,  37 

of  Imbonic  plague,  39 

of  glanders,  36 

of  Lustgarten,  34 

uf  malignant  edema,  38 

of  rhinoscleronia,  39 

of  svphilis,  34 

of  lelanus,  38 

o(  luherctilosis.  34 

channels  of  entrance  into  the  system,  345 
m  suppuration.  58 

pyocyaneus.  31,  58 

pyogenes  ftjctidus,  58 

tetani,  183 

lyphiisus,  33 
Bacteria,  classification  of,  17 

conditions  of  growth  of,  i3 

devi-lopment  of,  17 

food■^upply  of,  18 

methods  by  which  they  affect  the  body,  19 
of  cultivation.  31 

staming  of,  26 

structure  of,   17 

variation  in.  21 
Baelenological  examinations,  procedure  in,  38 
BactcnoloKy,  17 

of  the  blood,  85 


Bandages,  404 
Barton's.  414 
Borsch's  eye-,  414 
celluloid,  410 
circular,  406 
compound,  407 
crossed,  of  angle  of  jaw,  415 

of  both  eyes,  414 
de mi-gauntlet,  411 
Default's,  418 
elementary  forms  of,  406 
figure-of-8,  406 

of  jaw  and  occiput,  414 
of  thigh  and  pelvis,  416 
four-tailed,  407 
gauntlet.  411 
Gibson's,  414 
glue,  410 

gum -and -chalk,  410 
many-tailed,  407 
oblique,  406 
of  fool,  American,  413 
covering  heel,  413 
French,  413 
not  covering  heel,  413 
spiral,  covering  heel,  413 
of  head,  recurrent,  430 
of  jaw,  crossed  or  oblique,  415 
01  special  regions,  410 
of  stump,  recurrent,  430 
parafhn,  410 
plaster  of  Paris,  408 
in  fracture,  513 
recurrent,  407 
Ribbail's,  413 
Selva's  thumb.  413 
Seutin's,  410 
silicate  of  soda,  410 
in  fracture,  514 
spica,  406 
of  groin.  416 
of  shoulder.  416 
of  thumb,  412 
spiral,  406 

of  ail  the  fingers.  4II 

uf  p.ilm  or  dorsum  of  hand.  411 

reversi'd,  406 

of  lower  extremity,  413 
of  upper  extremity,  410 
starch,  410 
T-,  407 
Tail's,  410 
lliumb,  41a 
Vi-lpcau's,  416 
B;iiidaging,  404 

(general  rules  for,  405 
Barton's  bandage,  414 
Bave-ball  pitchers'  arm,  764 
Beard  of  operator,  388 
Bed-sore,  77,  337 
prevention  of,  338 
sign";  of,  339 
treatment  of,  239 
Bell's  amputation  of  leg.  356 
Bending  fracture,  506 
Hengue's  apparatus,  429 
Bennett's  gns-  and  ether  inhaler,  461 
Berger's  ainputalion,  347 
Biceps  of  arm,  rupture  of,  765 
Uiehliirid  of  mercury  as  a  disinfectant,  375 
Bigetow's  classificalion  of  hip- dislocations,  663 

'method  of  reducing  hip- dislocations.  669 
Bismarck  brown,  27 


p 

INDEX.        ^^^^^^^^^^^  94*^^H 

Bitr»  of  ItuecU.  sia 

Brain,  gumma  of.  Sij                                                        ^^| 

of  serpcHii,  aio 

opetaiion  on.  S17                                                       ^^H 

tymptonii.  all 

h«morrha|;e  in.  fio6                                                              ^^^^ 

creatmont,  an 

tacFr,il)un  of.  Sli                                                                  ^^H 

UUdOcr,  sieiili&iiiun  of.  394 

protrusion  of  mcmltranes  of,  819                                     ^^H 

■ 

tubeiculosi>;  of,  304 

larconia  of,  8I4                                                                             ^^^| 

UlecclinK,  aircsi  of.  315 

-sutrfidnc^.  heitiorrhagc  into.  809                                 ^^^^^ 

Hlistcrintj.  436 

tulj«rcle        815                                                              ^^^^H 

Blood,  bacteriologv  i>(,  85 

^^^^H 

fiUriii  UTit;ui'vi^  liumiiiis  In,  H 

c)ipedieni.y  of  oi^raiion.  817                                ^^^^H 

lur^'ical  rii;iiholuKy  of  So 

I^^^^H 

tran^misMon  of  piis-itiii'iMtiex  )>y,  148 

iL-chnic  of  operating.  S17                                     ^^^^| 

Bloo^lleiilng  in  1  n  flam  mail oD.  5a 

Bmin's  melliod  ni  iiiirou!^  oxid  and  elher  anes-            ^^^H 

local,  433 

thesiu,  460                                                                  ^^^1 

B loo H-cm holism  in  fracture,  520 

Branchial  dirrnioids.  50a                                                         ^^H 

Blood-cxarnin.iiion  in  Hccictcrt  cases  with  shock 

Rmi«l.  ■■imitjiiii);  of,  431                                                         ^^^| 

or  hemorrhage,  fti 

Brook  s  incl^on  for  palnmr  alncess.  73.  73                       ^^H 

Elood-rcitcncrjUon  a[t(;r  opcralion.  So 

Briin's   oncmiion    for   repair  of    ciuadrilateml               ^^H 
defect,  398                                                           ^^H 

Blood-Sipf  uni  :w  -A  Liilturi-  im-dium,  33 

mtjsturc.  J.offlcr'i,  34 

Bulionic  plAgUF,  bacic-riology  of.  39                                   ^^H 

Bloud-iuiimis  of  stalp,  789 

Bullwus  nerves,  885                                                                ^^| 

Ulood-viruols,  aTiatotiy  of,  B96 

Bunion.  783                                                                       ^^^| 

diicOMS  uf  goa 

111                                                     ^^H 

Injuria  uf,  B96 

conitiluiional  tymploms  of.  tia                                      ^^^| 

Blui:  pufi,  66 

deformities  after,  rvpair  of.  399                                        ^^H 

Boil   67 

(k-crcL-s  of.                                                                             ^^^1 
iciHainm.ilOfy  conditions  following,  lia                        ^^H 

iicatmcnt  of,  70 

Bones,  chDnlrrfiHuta  of,  700 

prof;i)osts.  113                                                                      ^^H 

(lispases  of,  67J 

ir«aimviit,  113                                                                      ^^H 

ciriiion  of,  364 

114                                                                             ^^H 

exoitn^ei  of.  699 

prevention  of,  116                                                           ^^^| 

gumTTiainiiit  dhose  of.  69s 

symptomt  xf,                                                              ^^H 

lymptonit,  69a 

tre.-itment  of.  1 16                                                       ^^H 

ircitmvnt,  69* 

Burow's    operation    for    repair  of   triangidar             ^^H 

hereditary  syphilis  of,  693 

defecT.  397                                                          ^^H 

Inflammation  of.  675 

Uurro'Mm);  of  piik,  65                                                              ^^^| 

limited  depoiits  of  tuberculous  niterUU  Is, 

Bursa  between   Icndun  of  semnnembranoAut             ^^H 

486 

and    Inner    head  of    gasirocBemlus.             ^^H 

matlgnant  tumors  of.  701 

Inflammation  oT,  783                                              ^^H 

necrosis  oT.  6Sa,     See  alto  Xttrttii  »f  tciu. 

OTcr  tuber  ischli.  inflanimntton  of.  783                           ^^H 

pbosph'jcus  necrosis  of,  693 

over  tubercle  of  tibia,  inflammation  of,  781                  ^^| 

repidr  of,  131 

prcpnirllnr.  inflammaiiiMi  of.  781                                     ^^H 

sarcomata  of,  700 

subdeltoid,  Inflammatkin  of  783                                  ^^H 

myeloid.  701 

subgluieal,  inflammation  of.  783                                  ^^H 

TO urtil -celled.  701 

under  lignmentitm  patetlie.  inflammation  of,               ^^^| 

spinillr-crllwJ,  701 

,^H 

ireniment.  701 

under  qii.-idnccps  citensor  tendon,  Inttam-              ^^H 

syphilis  of.  691 

mmion  of,  76a                                                    ^^| 

nymplomt.  691 

Bursjc.  S03                                                                         ^^1 

typhiliiic  c.krle«  of  699 

diseases  of,  780                                                        ^^^^H 

tubercuioiio  dl-ie.iM  uf.  616 

Ittiutles  of,  ^                                                        ^^^H 

etvoloity.  687 

luberculosts  of.  aS9                                                 ^^^^| 

sympioms,  68S 

Btirtilis,  acute,  780                                                                 ^^^| 

Ireatmcnl,  6B8 

signs.  780                                                                    ^^H 

wllfa  absccu.  ireatmeat.  690 

txeatmcnl,  7S1                                                                   ^^H 

witli  %c\ih<:  minuses,  treatment.  690 

chronic.  7B1                                                                          ^^^1 

wiihoiK  iiliKrat,  Ircatmcni.  6flS 

signs.  78 1                                                                 ^^^1 

tumors  qI,  699 

treatment,  781                                                      ^^^^| 

Bony  lumoTS,  475 

^^^^^H 

B'Jiic  ncid,  377,  379 

Calcaneuu.  exctdon  of,  394                                       ^^^| 

Borsch's  cvf-bandage.  414 

Ca1lou^  ulcer.  77                                                                              ^^^| 

Bouillon,  nuirictit.  33 

Callus,  deftnlle.  133                                                                ^^H 

Brachial  artery,  ll|^iure  ni.  333 

excessive,  t33                                                                ^^H 

neuralgia,  operative  ircatmcnl  of,  Ul 

After  fracture.  531                                                            ^^H 

plexus,  injuries  of.  8B9 

formation  of.  131                                                           ^^H 

Bradlbrd's  (tiaiion-frame.  730 

provisional.  133                                                             ^^H 

Brain,  abscess  of.  81a 

rcformnlion  of,  13a                                                             ^^H 

ireaiment.  813 

superfluous.  133                                                            ^^H 

carcinoma  of,  815 

Calomel  in  aseptic  surgery.  >79                                          ^^H 

comprc«i'>n  of.  810 

CaIot,  5t                                                                           ^^1 

coniuiioii  and  concussion  of,  796 

CancHlouB  osleomats,  475                                               ^^H 

cviu  of,  815 
gUomaof.  814 

Cancer,  49a                                                                       ^^H 

sqinntoua-cellfd.  494                                               ^^H 
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Cancrum  oris,  935 

treatment  of,  236 
Caniharides,  blistering  by,  436 
Capillary  hemorrhage,  897 
Capsular  arthritis  of  knee,  739 
Capsule  of  hip-joint.  660 
Carbol-fuchsin,  36 
Carbolic  acid  as  a  disinfectant,  276 
in  tetanus,  186 
of  wounds,  97 
Carbol-thionin  blue,  36 
Carbuncle,  68 

of  scalp,  786 

treatment  of,  70 
Carbunculus  contagiosus,  194 
Carcinoma,  49a 
.of  brain,  815 

of  skull,  793 

of  spinal  column,  855 

sebaceous,  496 
Garden's  amputation  at  the  knee,  358 
Caries  of  spine,  840.     See  Spiite,  ciirus  of. 
Carnochan's  operation  for  excision  of  second 
division  of  trifacial  nerve,  873 
for  excision  of  third  division   of  trifiujal 
nerve,  873 
Carotid  aneurysm,  931 

artery,  common,  ligature  of,  335 
external,  ligature  of,  335 
internal,  ligature  of,  395 
Carpal  bones,  fracture  of,  571 
Carpus,  dislocation  of.  640.    See  Wrisl,  disto- 

cation  of. 
Cartilage,  repair  of.  133 
Cartilaginous  tumors,  475 
Caseation,  343 
Cataphoresis.  electrical,  439 
Cataplasm,  434 
Catgut,  380 

chromicised,  383 

sterilization  of,  379 
Cautery,  actual,  423 

Paquelin's,  423 
Cavernous  angioma.  911 

lymphangioma,  480 

nevi,  479 
Cells  of  new  formnlion,  99 
Cellulitis  of  scalp,  785 
Celluloid  bandage,  410 
Cemeniomes,  476 

Cerebcll.ir  tumors,  symptoms  of,  817 
Cerebral  localization.  793 
Cervical  abscess,  73 

plexus,  injuries  of,  888 

sympathetic,  lesions  of,  899 
Chambcrland  filler,  31 
Cliarbon,  194 
Charcoal  poultice,  434 
Charcot's  disease  of  joints.  730 
Cheek-hones,  fracture  of,  ^37 
Chemical  antiseptics,  use  of.  305 

disinfection,  275 

filcriliiation  in  bacteriological  technic,  39 
Chcmifitaxis,  iq,  59 
Chilblains.  328 

Chjn-cup  ill  fracture  of  lower  jaw,  530 
Chlonn  water,  277 
Chloroform,  administration  of,  463 

and  clher,  comparative  merits  of,  451 
Chondromala,  475 

of  hone.  700 

treatment  of,  700 

of  spinal  column,  855 


Chondrosarcomata,  4S6 
Chopan's  amputation.  350 
Chromiciied  catgut,  983 
Chyluria,  931 

blood  eKaminatioii  in,  86 
Cicatricial  keloid,  138 
Ocatrix,  formation  of,  89 
horns,  491 

injuries  and  diseases  of,  127 
muscular,  139 
Circular  amputation,  339 

bandage,  406 
Circumflex  nerve,  injury  of,  S89 
Cirsoid  aneurysm,  911 
Clavicle,  dislocation  of,  616 
backward,  616 

causation  and  classificatioa,  616 
forward,  616 
frequency,  616 
upward.  616 
excision  of,  390 
fracture  of.  537 
diagnosis,  539 
treatment,  540 
Cleveland  ligature -carrier,  313 
Closed  fracture.  507 
Clothing  of  operator,  288 
Clover's  nitrous  oxid  and  ether  inhaler,  460 
Club-foot,  759 
diagnosis,  759 
osteotomy  for,  37S 
prognosis,  759 
symptoms,  759 
treatment,  759 
adult  cases,  763 
infantile  cases,  760 
three  to  six  year?,  761 
Coachman's  bursa.  783 
Coaptation  of  wounds,  99 
Cocain  anesthesia,  454 
in  minor  surgery,  439 
method  of  injecting,  430 
Cocainization  of  spinal  cord.  456 
Coccydynia,  830 
Coccyx,  dislocation  of,  830 
treatment.  830 
excision  of,  393 
fracture  of.  830 
treatment,  830 
Cold,  anesthesia  by.  438 

arrest  of  hemorrhage  by.  96 
in  inflammation.  5a 
local  application  of,  436 
Colin's  apparatus  for  intravenous  injection,  435 
Collapse,  n8 
Comminuted  fracture.  505 
Common-s.ilt  solution  as  a  disinfectant,  277 
Compact  osicomata,  475 
Complete  fracture,  505 
Complicated  fracture.  507 
\  Complic.iiions  of  fracture,  519 
Composite  odontomes,  476 
Compound  dislocation,  610 
fracture,  507 

treatment  of,  516 
Compresses,  arrest  of  hemotrhage  by,  96 
i      hot.  434 
Compression  in  inflammation,  53 
of  brain.  810 

of  cord  in  Pott's  disease,  644 
Compression -paraplegia,  848 

treatment.  853 
Concussion  of  brain,  796 


^^^^^^^^^f       INDEX.                                                  943          ^1 

Conclusion  of  bmn.  symptonift.797 

Curvature,  Angular,  in  Pott's  disease.  B43                     ^^^k 

iioiitncnt,  793 

of  f|iinc.  Uteral.  B57.     See  alto  Si^ivt*t.                   ^^H 

of  tpine.  Bja 

Cushing'k  ot>e(alion  for  rcmovnl  of  Oauerian            ^^H 

^ymptdins,  B33 

ganglion.  8S0                                                         ^^H 

ircaiment.  834 

Cutaneous  g^ingrenc.  335                                                   ^^H 

Congcnlml  lUslocutiDn  of  hip.  751 

svinpiomi.  335                                                              ^^^1 

sacroccicoygcal  tumors,  839 

itCLtunenI,  333                                                               ^^^| 

CongrMion,  43 
Conjoined  twMS,  839 

liOTDB,  7S7                                                                  ^^H 

Cysi.  aiheriMnaious.  786                                                ^^^| 

Cotinpcnve-iiMue  lumors,  471 

Cymic  hygroma,  933                                                      ^^^^H 

Contntuijonal  condiiions.  influrnce  on  repair. 

C)stotnata.                                                                       ^^^^^H 

1                               iro 

CysKin's  operation  (or  Aal-fiWl,  38*                           ^^^^| 

1                         reaciiORt  to  woundu,  I40 

Cyiis.  50a                                                                     ^^H 

Coninutlon,   Dupuyircn's.  of  palmar  btcia. 

dermoid,  of  Katp,  787                                               ^^H 

776 

glatid-.  509                                                                  ^^H 

CoQtracluret  of  muftcle.  TJ* 

implantation,  499                                                   ^^H 

Contra  C'uup,  fracture  by.  800 

lyinph:ilic.  48O                                                                           ^^H 

ConiTol  of  hemorrhage.  337 

neural.  504                                                                  ^^H 

Coniut«cl  woutitls.  89 

of  brain.  B15                                                               ^^H 

1  realm  ent  of,  98 

poraiitk,  504                                                                     ^^H 

Connitioa  of  brAin,  796 

retention.  500                                                             ^^H 

di«cno«ls,  797 

Mbaccoua,  495                                                            ^^^k 

symptoms,  797 

^^^1 

ircAlmcni,  79S 

DACRVi>rs,  503                                                        ^^1 

Contusion  a  of  joints.  597 

Dactylitis,  strumous,  687                                                ^^H 

treatment,  599 

Davy**  method  of  oonttoUing  hemorrbage  in            ^^H 

of  nnueles.  763 
prognosis.  763 

hip-ampuiaiioD,  361                                         ^^H 

Dead  tissue,  eflett  of,  on  the  body,  ai5                        ^^H 

«lp«.  7*3 

Decubitus,  77.  337                                                         ^^H 

ircaimcni.  763 

prevention  of,  938                                                            ^^H 

o(  ncrvM,  131,  86a 

sig'^-  'y*                                                    ^^1 

►ymploTTK,  8*3 

ire;iimeai.  339                                                            ^^H 

1  feat  men  1,863 

De(eiiitv«  pruldils,  4I,  59                                                   ^^H 

of  skin.  repAii  of.  laS 

Deiinitc-callus,  133                                                    ^^H 

uF  tkull.  790 

Deformities  alter  bums.  Croft's  operktlon  for,            ^^H 

Itcuimcnt  of,  95, 104 

^H 

Cord.  408 

plastic  repnir  of,  399                                            ^^H 

CoronuM  prnceu  of  radiua,  fnclure  of.  559 

Deformity  in  fractures,  509                                            ^^H 

Corpora  oryeoidea.  360 

Degenemii>n.  isehemtc,  ai6                                               ^^H 

Corrosive  films.  16 

Delayed  shock.  119                                                              ^^H 

Costiil  canilogn,  fmclurr  of,  534 

union  of  fracture,  533                                                      ^^H 

Cotyloid  ligamenT.  660 

Delirium  nervosum,  533                                                ^^H 

Coitnlcrirrilanls.  435 

ttaumaiic.  533                                                             ^^H 

CoumL-nmiAimn  In  inflvnmAtlon,  53 

tremens  alter  fracture.  *fl»                                        ^^^k 

Cower-class  ptcptrations  of  bacterial  enllur;!. 

Detaorcatioa,  line  of,  XI5                                              ^^H 

36 

suppuration  of.  iia                                                     ^^H 

sMining  u(,  37 

Demt-gaunilet  biindnge.  411                                          ^^H 

CrJiniolabcs.  695 

Denontillicr's  inrtlintl  of  rhinoplasty,  400                    ^^H 

Craval.  408 

DcBiigrrous  cyst,  476                                                          ^^H 

Creolii).  377 

Depressed  fracture,  506                                                       ^^H 

Crepitus  in  fractures.  508 

Depression  in  fractures,  509                                              ^^^| 

Cnafl's  operation  fur  repair  of  dcformiilci  afler 

Dermnlol.  379                                                                    ^^^H 

buma.  399 

[>ermoid  cy«t«  of  tcalp,  767                                        ^^^^H 

Crotsct)  banda^ie  of  nnglc  of  )aw,  415 

Dermoids,  497.     S^ee  olvo  Cjiti.                                 ^^^^^k 

of  both  eyes,  414 

branchial,  500                                                       ^^^^H 

Craml  nerve,  anterior,  injury  of.  891 

lingual,  499.    See  also  U^ual  tjfih.                  ^^^^H 

'-                      Crushing  of  nerve,  866 
\                   Cruich-pamlysts,  864 

ovarian.  500                                                                    ^^^H 

reclal,  499                                                                  ^^H 

nfter  fracture.  533 

•equeslration,  497                                                             ^^H 

1                   Cryptogenic  infection.  ■;■ 

Desault's  apparalns,  418                                                     ^^H 

Cuhiiid  bone,  rtKtoLKiion  of,  658 

Diabetic  ganerenc.  334                                                  ^^H 

,                    Culiiv.iilon  of  tttctcria.  mcihodsof.  ai 

Diapedesis  of  kukucytr*.  47                                              ^^^| 

\                   Cultures,  anairobk,  35 

DiapboTctJcs  in  inflanimation,  56                                      ^^H 
DlelTenlMch's  mi-thml  of  pbulic  rt^iali,  397                  ^^H 

Ctmitrch's  toll-,  24 

5ltfation  of.  36 

of  rbinoplasiy,  401                                                  ^^H 

l>Ani[ing  drop,  a6 

Diet  in  tnflnmmaiion.  55                                                ^^H 

plate*,  24 

Diffuse  atkeurysro.  914                                                         ^^H 

Cumol  method  of  sterillilng  cal|^t.  383 

lipoma  to.  473                                                                     ^^H 

Cuneiforin  bones,  dislocaiionof,  6<i8 

D^[it]il  pn-Hiire.  amit  of  hemotrkafe  by,  95                ^^H 

u4teotoniy.  376 

Dilute  alcoholic  solutton.  >?                                               ^^H 

for  inveleniie  club-foot.  3S0 

Diplocnreiit  1iin<:ei>l>ilu(.  34                                                     ^^H 

Cupping,  dry.  433 

pneumoniw.  tnurtcrtolocy  of,  34                                     ^^H 

WP'.  434 

1 

. 
1 

m 

DisanleuUlion  at  knee,  357                                          ^^H 
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Disarticulation  of  all  tnetatarsal  bones,  349 
of  great  toe  at  metatarsophalangeal  joint.  34B 
tarsometatarsal.  349 
Discharges,  bacteriological  examination  of,  29 
Diseased  conditions,  influence  on  repair,  110 
Diseases  of  bones,  675 
of  bursae.  780 
of  joints,  702 
of  muscles,  770 
Disinfection.     See  also  Sttriliiation. 

chemical,  275 
Dislocation,  602 
atlo-axoid,  824 
causation  of,  602 

external  violence.  60a 
muscular  action.  603 
compound.  610 
conditions  favoring,  603 
age,  &03 

anatomical  peculiarities.  603 
occupation.  605 
sc)!,  605 
diagnosis  of,  607 
from  fracture,  607 
from  pathological  conditions,  607 
occipito-ailoid,  824 

of  ankle,  651.     See  also  Fool,  dislocation  of. 
of  astragalus.  655.     See  also  Astragaiui,  dis- 
location of. 
of  carpus,  640.     See  also    Wrist,  dislocation 

of. 
of  clavicle,  616.     See  also  Claviclt,  disloca- 
tion of. 
of  coccyx.  830 
of  cuboid,  658 
of  cuneiform  bones,  658 
of  elbow,  630 

backward,  operative  reduction  of,  367 
of  fibula.  649 

of  foot,  651.     See  also  Foot,  dislocation  of. 
of  hip,  659.     See  also  Hip.  dislocation  of. 
congenital,  751,     See  also  Hip.  dislociUiofi 
of.  congenital. 
of  humerus,  619.     Sec  also  Humerus,  dislo- 

c  lit  ion  of 
of  interplialanijeal  joints,  643 
of  fingers,  645 
of  toes,  658 
of  lower  jaw,  613 
of  mftacarpopliiilangeal  joints,  643 

of  fiiijjers,  645 
of  mi-laLMrpus,  642 
of  mclatarsophiilangeal  joints,  658 
of  mi^l,it;ir->u>,  658 
of  iicrvis,  866 
of  OS  cnlcis,  657 
of  o>  iii;igniim,  641 
of  patella,  649.      See  also  Pa/elta,  dislocation 

■f 
of  pi>iforiii  bone,  641 
of  radius,  637.      See  also  A'adiiii,  liiitocation 

of  radlii-  ;itni   ulna,  630.     See  also   Elbow- 

j-'iiit.  di^/ocafiori  of 
(if  scaphoid  hone,  641,  658 
of  seapuhi,  617.      See  also   Scufula,   disloca- 

Ih'ii  ,-f. 
of  semiluriiir  bone,  641 

cirlihit;.'.  723 
of  slioulrler-joiiit,   619.      See    also    Humerus, 

duliU  illh'll    of. 

of  spine,  823 
of  tendons,  768 


Dislocation  of  thumb,  643,    See  also   Thumb. 
dislocation  of 
of  tibia.  646.     See  also   Tibia,  dislocation  of. 
of  ulna,  635 

of  wrist.  640,     See  also  [I  'rist.  dislocation  of. 
old,  611 
of  humerus.  629 
treatment,  612 
pathological.  613 
pathology  of.  605 
prognosis,  608 
reduction,  609 
obstacles  to,  609 
signs,  609 

and  symptoms  of.  607 
treatment  of.  609 
>\'-rays  in,  608 
Displacements  of  spleen.  924 

treatment,  924 
Dissecting  aneur)-sm,  914 
Dissection,  technic  of,  315 
Diverticula,  503 
Dolor.  51 

Dorsal  abscess  in  Pott's  disease,  847 
treatment,  851 
dislocation  of  hip.  662.  663.     See  also  Hif. 
dislocation  of 
of  spine,  634 
Dorsalis  pedis,  ligation  of.  333 
Drainage  by  rib -resection,  256 

in  tuberculous  pleurisy  and  empyema,  355 
of  accident  wounds.  396 
of  operation  wounds,  397 
of  wounds,  100 
Drainage-tubes.  398 
Dressing  of  wounds,  103 
Dressings,  384 
change  of,  304 
fixed,  408 
revision  of,  103 
Sterilization  of,  385 
Dry  cupping,  433 
gangrene,  214 

heal,  lucil  application  of.  433 
hot  air,  caulerization  by,  422 
Dubrueils  amputation  at  ihc  wrist,  343 
Dunham's  jieptone  solution,  24 
Dupuviren's  contraction  of  palmar  fascia.  7-6 

ECCHUNDROSha,  475 

F,cchvmo>is  in  fratinres,  510 
Bdema,  malignanl.  197 
Elbow-jt'int.  amputation  at,  344 
nrlhniis  of,  746 
diseases  of,  745 
dislocation  of,  630 

catis.ilion  ;in(I  classification,  630 

comi)ound.  635 

dini;nosis,  633 

divirgent,  631,  633 

old,  635 

pathology,  631 

svinjiloms,  631 

treatment.  634 

unreducei!  baciiward,  operative  reduction 

of,  367 

pxciiion  of,  366,    See  Excision  of  elbou--jotnt. 

rlieiini.itisni  of,  748 

sprain  of,  745 
Klecirical  cataphoresis.  429 
Elephantiasis,  930 

false,  930 
Elliptical  defects,  plastic  repair  of,  398 
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EllipUcal  def«cls,  npS^^WM^  operation. 

Excision  of  anklc-joini.  L:auenatein't,  yf^                     ^^| 

398 

of  aiikylo^t-d  Hliow.  367 

^^H 

luiiix>iiuii,  90S 

ofaAtragalui.  39^ 

^^H 

air-,  898 

of  tiones  and  ioini>,  364 

^^H 

Tat-.  13^     Scr  Fut-emMiim. 

of  cilcanettm.  394 

^^^1 

vtxn\iUtn\s,  909 

FnriihocuTt  method.  394 

^^H 

ireutTiK-nl,  909 

of  clavicle,  39U 

^^H 

HmpJiywrnn  aftiT  inxcuxrv,  520 

of  coccyx.  393 

^^H 

Km|>tiys(?iniiiuits  gimgri'iir.  333 

of  ribuw-jiiiiil,  3M 

^^1 

Kinpyr-mJ.  Hiljprculoii*.  ajs 

ankylosrd,  367 

^^^1 

Kncsphaloccle.  790 

OlliirN  Rixrihtiil.  367 

i^^^l 

Rniliirli-rids  oltliu^rant.  tfi^ 

Von  Ljingi^nlK'i'k'*,  366 

j^^^^^l 

Knrma.  nnw  to  Kivr,  438 

sf  GassL-iian  g.inglion.  878 

^^^^H 

nutnttvr,  injivliun  of,  43S 

of  hip-jnint.  370 

^^^1 

Knlnrgi-iii<-ni,  chrnmc,  of  ipli^cn,  994 

unlet  tor  IncUion,  371 

^^^1 

Hnoiluic^  of  >kull,  79! 

Ollicr's,  371 

^^H 

Knvtroiimirnt.  influence  of,  on  tutnon.  466 

Viin  tj^ngcnbcck'*,  370 

^^H 

Koiin.  37 

of  liutiii^iua.  ,t9l 

^^^1 

BpUliJpnii.  tubnculusii  of.  365 

of  inferior  moxilU,  387 

^^H 

Kpididyiniiis,  lubtrrcular,  363 

ajiteriur  portion.  38S 

^^H 

Kpilv|)sy,  trephining  for,  8ai 

lairiai  potliiin.  388 

^^^1 

KpiphvUtis,  acute,  677 

ramus  and  hnllot  the  body.  388 

^^H 

(luignoMt,  678 

of  joints  aiid  lionet.  364 

^^H 

crtraiiiieni,  6811 

uf  kntrr-jutiits,  37a 

^^^1 

with  Mippuniilan  in  ndgliboring  joints,  60i 

in  knee-joint  di»f«r.  74a 

^^H 

(■tlHihrtiul  ii[3ontame«,  47ft 

v-milunur  viuision.  373 

^^^H 

priirh.  494 

of  mctjcarpal  bones.  39a 

^^H 

HI  mors.  4l!li> 

of  inriMiiirul  bonp»,  39s 

^^^1 

Rpithellotd  ceW*  of  lulvencl*,  244 

of  phalange*,  393,  395 

^^H 

F.[)irhelinmaof  *ctilp,  7B9 

of  radtut.  39a 

^^H 

Kin-iiofi  of  3  joini,  175 

of  u.-apula,  390 

^^H 

Erctliiviic  *lii>ck,  InatinfMii,  137 

of  ■houkIer-)oinl,  3^ 

^^^1 

iilctrr,  77 

Hurtei't  incifion.  365 

^^H 

lii|!oti»m ,  gRnKTcnc  from,  sag 

Nclat«n"ii,  366 

^^H 

ill  juinl-lubi-tculosis.  719 

outer's  niethoil.  36s 

^^^1 

Erysipelas.  [73 

iransvcrte  iacJ&ion.  366 

^^H 

unl'uluni.  i-jt. 

Vi>n  l,angenbcck't  method.  364 

^^^^ 

cum  live  influence  of,  179 

ol  superior  mniciltn.  364 

^^H 

ciiol'igy,  173 

iiliovc  filvenlsf  proc^eu.  3B6 

^^H 

bcial,  176 

liy  mrdUn  inri5ion.  3B4 

^^^1 

hatiitual,  17s 

Gu^in's  operation!.  3B6 

^^H 

inrl.i-i.Hir.  175 

Ollier'v  385 

^^^H 

migrans,  175 

subpart  n«tenl.  385 

^^1 

nfiimiorum.  177 

of  ulna.  391 

^^^1 

ol  walp..  78  > 

of  wri*t,  568 

^^H 

patholoffii^ai  anniomy,  177 

biLaienij  incision.  368 

^^H 

'                        phli.'gmoni'.ii'i,  176 

dorsoradi;)!  inciiran,  370 

^^^k 

1                        proitnoiit,  178 

Von  l-in(£vn*i«;k'>.  370 

^^H 

«yniiplull1t.  174 

Excision^,  ifcncra!  principlrs  governing 

364           ^M 

(r.iumaiic,  136 

Eaoplutt.ilmtc    goiter.    r»eclioD    of 

cenricu           ^^H 

Iri-iitincnl.  17S 

tynipathetic  for.  19a 

^^H 

varieties,  176 

BxottDScs.  476,  699 

^^^^ 

wundcring.  175 

ivory.  699 

^^H 

E&n).irct)'3  iLinpuialion  nl  hip-joint,  363 

of  iJfull.  791 

^^^^ 

roll-cullurcs,  34 

ircdimeni  of.  699 

^^^H 

Ki(litn( Iter's  reneclton  of  rilis,  389 

KmenMnn  in  frxtciuie.  515 

^^^^H 

Eih«ran(]chlora(bnn.comparittlivem(miiaf^Sl 

t-^tm-arttcuiar  fractorc,  507 

^^^^H 

as  on  ■nr^ihrlic,  441 

£iiuilntian,  47 

^^^H 

ia  AKptic  )iin;i.Ty.  378 

Kye-ltandagr,  nor^ch'i,  414 

^^^1 

mode  of  ndmintMraiion.  445 

tigurc-of-0,  414 

^^H 

pffrfaiiiinn*  to  Ivtr  taken  l>efore  giving,  445 

Eyelids,  Mrriliiiitlon  of.  394 

^^H 

Eihcniation.  446 

Ey«».  croMed  bandage  of  both.  4x4 

^^H 

complicaiionk  m.  44^ 

^^H 

r«Ct:ll,  44B 

Fahal  »nerT.  ligature  of,  317 

^^^^ 

Eibyl  bromid.  anetthesia  from,  444 

erysipelas.  176 

^^H 

in  minur  fturi^ery.  437 

nerve,  lesions  of.  886 

^^^H 

cblorid,  454 

|»nilysi(.  886 

^^H 

in  local  anc&)lieiin.  499 

ireutmenl.  886 

^^H 

Bucain.  455 

Fal^e  ani-urysm  914 

^^H 

anestheMM  m  minnr  surgery,  43a 

elrplianiiasli,  930 

^^H 

Kiirop1ien,   379 

point  of  motion  in  fractures,  coS 
Famboeuf's  nmpNtation  of  the  leg .  357 

^^^1 

Kiicei»ive  callu*.  133 

^^H 

Exciftion  of  anklp-Joint,  379 

no 

escision  of  cnkaneuin,  j^ 

1 
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Farcin,  198 

Farcy.  198.     Sec  also  Glamders. 
Fat-embolism,  133 
diagnOMs.  134 
in  fractun-,  5110 
prognosis,  134 
symptoms,  133 
treatment,  135 
Fatty  tumors,  473 
.  of  scalp,  788 
Faulty  union  of  ftscture,  533 
Felon,  72,  773 
symptoms,  774 
treatment,  774 
Femoral  aneurysm,  919 
artery,  ligature  of,  330 
common,  ligature  of.  330 
superficial,  ligature  of,  331 
Femur,  fracture  of,  573 
lower  third  of,  5B3 
neck  of,  573 
diagnosis,  576 
prognosis.  576 
symptoms,  575 
treatment,  577 
shaft  of,  578 
diagnosis,  579 
prognosis,  579 
treatment,  580 
through  upper  third  of  shaft  of.  583 
upper  extremity  of,  573 
osteotomy  of,  for  ankylosis  of  hip,  376 

for  genu  valgum.  378 
relation  of,  to  hamstring  muscles  and  sciatic 

nerve,  661 
resection  of,  393 
Ferment  fever,  143 
Fermented  poultice.  434 
Fetus,  acardiac,  501 

parasitic.  501 
Fever,  aseptic  wound,  14a 

in  fractures.  510 
Fibroid,  uterine,  481 
Filiroiiia  of  n-'rve,  883 
of  scalp.  788 
simple,  47'i 
Fihrom.ita,  476 
Fihrims  udoniomes,  476 
union  i)f  fracture,  524 
Fibula,  dislocation  of,  649 

c.ius;iiinn  nnd  classification,  649 
pntholojjv,  630 
prognosis,  650 
symptoms,  649.  650 
Iri'ntmcnt.  649,  650 
fractur<-  of.  590 
resection  of,  393 
Fifth  ntTve,  excision  of  second  and  third  divi- 
si<uis  of.  87') 
seconii  division  of,  875 
third  division  of.  875 
ncureclomv  of.  875 
Figure-()f-8  lianriaRc,  406 
of  both  t-vi;s.  414 
of  jaw  ;ind  occiput.  414 
of  iliif^h  and  pelvis,  416 
Filaria,  1)29 

sanijuinis  hominis  in  the  Wood,  86 
Filk-liriiwn  fiber  apparatus,  465 
Filtration  of  bacicri.i,  21 

of  cultures,  36 
Finiji'r,  snnp-,  779 
trigi;er-,  779 


Fingers,  amputation  of,  341 

dislocation  of  interphalangeal  joints  of,  645 

of  metacarpophalangeal  joints  of,  645 
spiral  bandage  of.  411 
First  intention,  healing  by,  91 
Fissure  of  Rolando,  location  of,  796 

of  Sylvius,  location  of,  796 
Fissured  fracture,  506 
Fistula,  78 
in  ano,  79 
treatment  of,  79 
Fixation-pins  for  displacement  of  nasal    sep- 
tum, 527 
Fixed  dr«sings,  408 
Flagella,  staining  of,  38 
Flaps,  amputation,  336 
Flat-foot,  756 
diagnosis,  757 
etiology,  757 
osteotomy  for.  381 
symptoms,  757 
treatment.  757 
Flaxseed  poultice.  434 
Follicular  odontomes,  476 
Fomentations,  hot,  434 
Foot,  American  bandage  of,  413 
dislocation  of,  651 
sagittal,  651 
causation,  651 
diagnosis,  652 
frequency,  651 
pathology,  651 
prognosis.  65a 
symptoms,  651 
treatment.  65a 
subastragaloid.  652 
causation,  653 
diagnosis,  654 
frequency,  653 
prognosis,  654 
treatment.  654 
the  astragalus.  655.     See  Astragalus,  dis- 
loiKifion  pf. 
French  iMiidagc  of,  413 
friicture-.  of  596 
Ribbiiil's  bandage  of.  413 
s|iiral  bandage  of  413 
Foot-bnth,  mustard,  425 
Foot-bones,  excision  of,  394 
Forceps,  313 

arrest  of  hemorrhage  bv,  96 
Fiirt-arm.  amputation  of.  343 
fracture  of  bont-s  of,  5:;6 
aloni,'  their  shaft,  560 
Foreign  material  in  wounds,  removal  of,  98 
Four-tailed  bandage.  407 
P'ourth  Tierve,  lesions  of.  886 
Fraclurev,  305 
bendinj;.  506 
blood-pathology  in.  86 
by  contrc  roup.  507,  800 
bv  direct  forte.  507 
bv  indirect  force,  507 
by  muscular  contr.iction,  507 
closed,  507 
comniinuled,  505 
compl''le,  505 
ciiniplJcated.  507 
complications,  519 
compound,  507 

treatment  of,  516 
delayed  union  of,  523 
depressed,  506 


^^^^                                   ^^^^^"             947          ^B 

Praetunv.  diacnuis.  51a 

FraciuKS,  penctr.tting.  505                                             ^^| 

etiology.  507 

pJMtei  Uiii<lui;c  in,  313                                                    ^^H 
Poll's.  S93                                                                           ^^1 

extra-art icular.  507 

'                         foulty  union  of,  533 

puncinred,  S05                                                            ^^H 

tibrout  untt>ii  of,  534 

ruduirliuii  of,  jK                                                               ^^^| 

lissurcO.  506 

silicate  of  toda  bandage  in.  514                                  ^^H 

[or  .irtmchemcnt.  606 

limple,  507                                                                          ^^H 

eutuhot.  505 

splints  ^r.  513                                                                    ^^H 

impacted.  506 

\paiiinneouv  507                                                               ^^H 

incomplete,  505 

«t«llaie,  505                                                                        ^^H 

intra-arlitiil.ir,  506 

tympioms  of  508                                                   ^^^^| 

mtmcapxtilar.  506 

iraiimatic,  ;;o7                                                              ^^^^^H 

1  [lira- uic rill  c.  535 

^^^^H 

ligHmentDUS  u»ign  of.  594 

untinjled.  rrM-<;lion  of  ban«i  for,  383                           ^^^| 

mucit.  507 

wirini;  o(,  383                                                           ^^H 

multiplL-,  505,  507 

varieties  t>f.  505                                                           ^^H 

non-nntoTi  nf,  534 

vii:iuiis  uiiioti  of,  533                                                   ^^H 

of  accuiliuluni.  573 

with  jAKUlar  ditpUL^meiit,  506                                      ^^H 

of  asiragalUK,  596 

with  loQgjtudinal  di^pttKcment.  506                              ^^H 

of  boti«s  of  ftiot.  596 

Willi  uvrrrridiiig,  soft                                                    ^^^| 

of  bonrs  of  fan-arm,  556 

vdtli  fLftary  di»pl4ccineiit.  50^                                         ^^H 

along  their  ^h>)dt-i,  560 

U'illi  tr:iiikverte  <Usplacciiienl,  506                                      ^^H 

of  bonu  of  leg.  390 

Fnii  tureilUlocUionof  >|iinc',  S35                                      ^^H 

of  cnrpiil  honco,  571 

FrXnkel's  |int-umucnri:iu,  34                                               ^^H 

of  clavicle.  537 

Freezing,  ancMhi-iia  liy.  409                                           ^^H 

of  wctjrx.  830 

French  lAndage  of  foui,  413                                          ^^H 

of  coronoid  pf  occt*  of  radius,  SS9 

Frost-biiv,  laS                                                                ^^H 

of  coilal  canitti|;n,  534 

Ircatment  of,  338                                                                ^^H 

of  craniuin.  7<7-    ^^  lUto  Skmll./radMrt  of. 

Fuchiin.                                                                          ^^H 

of  femur,  573 

Functio  Ikvi.  $1                                                              ^^H 

of  niiulii.  ^90 

FunciionLLi  Uitordcn  of  mtucle.  773                              ^^H 

of  humerus.  5,14 

Kiiri){:tli[i(;  ueiu,  496                                                             ^^^^ 

ml  liucgical  neck  witli  riisplBcenient,  54^ 

Fungous  ulvcr.  77                                                                  ^^H 

esu-imil  condyk  of,  553 

Fiirb ringers  mi-th  td  of  tteritiaag  operator's             ^^H 

hrail  nf.  545 

haniU,  389                                                         ^^H 

Internal  comlyli?  of,  55* 

FumeAux-Jonian'samputalioDatihc  hlp-]oint,               ^^H 

lowiT  i-sircmiiy  of.  551 

ihafi  of,  S48 

Furor,  190                                                                               ^^^^ 

supracundylriid.  5^1.  S53 

Furuncle.  67                                                                           ^^H 

Ihr.ttigh  iturgkal  neck,  544 

ruruiii-iilmik,  68                                                                     ^^H 

of  hyoid  tionc.  533 

Kuxifnrm  anctirrsro,  914                                                       ^^^| 

of  luinlii.e  of  Vcrtrbm,  BaJ 

^^H 

.                        of  lowi^r  j.*w,  539 

GaBRaT'^  ineihnd  of  it^initig  tubeick  baciUi,              ^^H 

1                        ofniAlar  hone.  537 

^^1 

of  met.icarpal  bone»,  574 

Gal 'rano cautery.  493                                                              ^^H 

of  iiieUl.irij]  hones,  596 

G'.i  I  vn  no  puncture  tn  aneurysm,  917                                   ^^^| 

1                        of  (iKsal  liorkvs,  535 

O<int;1ion,                                                                                 ^^^^ 

1                            proccu  or»u.pvr)or  moxiUa,  535 

ircaimeiil.  776                                                                    ^^H 

1                        of  neural  aich,  835 

Ganglionic  iMMtromnta.  47$                                             ^^H 

of  nose,  5*5 

Gangrene.  313                                                                 ^^H 

of  oincranon,  556 

albnminuric.  933                                                                ^^^^ 

of  patella,  586 

ancrji^tclcratic-.  aaa                                                           ^^^| 

j                        of  prlvis,  57a 

classification  of,  313                                                          ^^H 

1                        of  ph.ilanses.  57s 

cutaneous,  33$                                                                    ^^H 

1                            of  loes,  596 

symptom*.  335                                                               ^^H 

of  pubic  bon«,  57a 

tretiltnent,  335                                                                        ^^H 

of  radltvk,  eoronoiil  procen,  559 

diabetic,  aaa                                                                       ^^^| 

head  of,  *,*fi 

314                                                                                                                       ^^H 

lower  extremity  of,  $63 

(■ITeci  of,  on  the  body,  ai;                                          ^^H 

iliart  of,  ^*y» 

ctnphysemntout.  333                                                         ^^^| 

of  rib*.  534' 

from  nrlentu  obiilcrans,  335                                           ^^^| 

of  tL'dputj.  543 

from  cotd.  aat                                                              ^^H 

of  sicull.  800.     See  bIsu  Skmtt./nulart  of. 

from  ergoiism,  339                                                      ^^H 

ofipitie,  833 

iredtmeni.  zaq                                                          ^^H 

of  tpinuui.  proceit,  835 

from  fro«|.livr.  31S                                                            ^^H 

ofilemum,  533 

fmra  liniwirmenl  of  the  genera]  etrculaiion,              ^^H 

ol  »uperiur  maxillary  bone,  S>7 

Bt6                                                                        ^M 

of  iibia,  590 

Ireairnent,  317                                                         ^^H 

of  uLtia.  shaft  of  $63 

from  lead,  330                                                              ^^H 

of  vault  of  cr.imum,  799 

from  nhsmiciion  of  abdominal  aorta.  319                  ^^H 

of  wrisi  bonci.  571 

lympiomi  of,  319                                              ^^^| 

open,  507 

trealmcnl  Lif  330                                                    ^^H 

pathological,  507 

of  axillary  and  t>rjLhial  veueli.  333                             ^^H 
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Gangrene  from  obstruction  of  capillaries  and 
small  veins.  331 
of  femoral  artery  and  vein,  331 
of  main  artery  or  vein,  317 
of  the  smaller  arteries,  aaa 
symptoms,  233 
treatment.  933 
of    superficial  femoral   and   the  popliteal 
arteries  and  veins,  aai 
from  spasm  of  the  arterioles,  237 
hospital,  179 
diagnosis.  181 
forms  of,  180 
prognosis,  183 
treatment,  183 
inflammatory,  333 
moist,  314 
of  scalp,  786 
of  umbilicus,  335 
treatment,  336 
Raynaud's,  330 
symptoms,  231 
treatment,  331 
senile,  ass 
septic,  333 
simple  traumatic,  232 

treatment,  333 
spreading  traumatic.  334 
symptoms,  334 
treatment,  235 
Gam's  osieolomy  of  femur,  377 
Gasserian  ganglion,  excision  of,  878 
Krause- Hartley  method,  879 
Rose's  method,  879 
Gastric  juice,  extraction  of,  for  examination, 

437 
Gauntlet  bandage,  411 
Gauze,  385 

iodoform,  285 
Gelatin,  nutrient,  33 
General  anesthesia,  443 
Genitocrural  nerve,  neurectomy  of.  891 
(Jen! to-urinary  organs,  tuberculosis  of,  361 
(ieiitian  violul,  27 
(ienu  villyum,  osteotomy  for,  378 
Germicidal  proieids.  41 
GerstiTs   excision  of  second   division  of   tri- 

fncijl,  875 
Giant  cells  of  tubercle,  242 
Gibson's  bundage,  414 
Gigli  s    TocVhod  of  applying  plaster   bandage, 

408 
(iinllc-pain,  845 
Gland-cysts.  502 
Glanders,  19B 

b:icillus,  36 

haclcriologv  of,  36 

CDUrsc,  199 

diagnosis.  200 

morbid  ;iiiiitomy,  199 

symptoms,  199 
m  horses.  198 

tri-atment.  aoo 
(il.inils,  repair  of.  139 
( jlifimata,  477 

of  brain,  814 
(ilossopharvnEcal  nerve,  lesions  of,  887 
(iloves.  openiiing,  291 
Glucose  media,  23 
Glue  li.inilage,  410 
tJIitteal  abscess  in  Pott's  disease,  847 

artery,  ligature  of,  330 
Gonocele,  712 


Gonococci  in  septicemia,  150 
Gimococcus.  bacteriology  of,  33 
Gonorrheal  arthritis,  712 

rheumatism.  712 
of  wrist,  748 
Gouty  arthritis,  acute.  706 
Grafting,  tendon-,  769 
Gram's  method  of  staining,  38 

mixture.  38 
Granulation,  stage  of,  91 
Granulation- tissue.  48 
Granulations.  65,  90 

as  -A  protection  against  bacteria,  149 
Great    loes,   disarticulation   of,   at    metAlano- 

plialangeal  joint.  348 
Green-stick  fracture,  506 
Gritli's  amputation  at  knee,  358 
Groin,  spica  bandage  of.  416 
Guerin's  excision  of  superior  maxilla,  3S6 
Gum-and-chalk  bandage,  410 
Gumma  of  brain,  815 
operation  on,  817 

of  skull,  791 
Gummata,  scrofulous.  350 
Gummatous  disease  of  bone.  693 
Gunpowder  grains,  removal  of,  98 
Gunshot  fracture.  505 

wounds  of  head.  805 
Gunstock  deformity,  552,  553 
Gustatory  nerve,  avulsion  of,  S74 
Guyon's  amputation  of  leg,  355 

Habitual  erysipelas,  175 

Hadern-Krankheit,  194 

Hair  of  operator.  288 

Hairy  mole.  479 

Hallux  valgus,  osteotomy  for,  380 

Hammer-toe,  777 

treatment,  778 
Hamstring  muscles,  relation  of,  to  hip-disloca- 
tion, 661 
Hand,  fracture  of  bones  of,  572 
Han<lkerchief  dressings.  Mayor's,  407 
Hands  of  operator,  preparation  of.  for  opera- 
tion, 286 
slfrilization  of,  288 
Hangiiig-dnip  cultures,  26 
Hard  palate,  resection  of,  for  nasopharyngeal 

polyps,  386 
Hardening  of  tissues  for  bacteriological  exam- 

in.tiion,  36 
Head,  gunshiil  wounds  of.  805 

rfcurr<;nl  bandage  of,  420 

teratoma  of,  788 
Head-ieianus.  185 
Healing  by  first  intention,  91 

bv  sccund  intention.  91 

mfliLcnces  alTccting,  109 

of  .irtcrit-s,  135 

lif  bone,  iji 

of  larlilage.  133 

ijf  glands.  139 

of  muscle,  129 

.pf  nerve.  130 

nf  >kin,  125 

of  special  tissues,  125 

of  tendon,  128 

of  wounds,  histolog)'  of,  91 

origin  (if  connective-tissue  cells  in,  94 

under  the  scab,  126 

Heart,  wounds  of,  894 

lymptoms,  894 

treatment,  894 
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Heat,  arresl  of  hemorrhage  by,  96 
as  a  sympiom  of  inHammation,  51 
dry,  local  application  of,  433 
in  inflammation,  53 
in  sleriliz-ilion,  272 
local  application  of.  433 
moist,  application  of,  433 
Hi.Mt-!iiLTiiiiatiiin  in  bacteriological  technic,  31 
Hcberden's  nodes,  71 1 
Hf  maloma,  aru-rial,  900 
of  scalp.  786 
venous,  900 
Hemalomyelia,  traumatic,  831 
prognosb.  833 
symptoms.  833 
treatment,  83a 
Hematorachis,  83c 
prognosis,  831 
symptoms,  831 
treatment.  831 
Hemophilia,  87 
etiology.  87 
pruKnobis,  87 
symptoms.  8; 
Ireaimeni,  87 
Hemorrhage,  896 
arrest  of,  95 
by  chemical  means.  96 
by  cold.  96 
by  compresses,  96 
by  digital  pressure,  95 
by  forceps,  96 
by  heat,  96 
arterial,  897 

blood -ex  ami  nation  in,  8I 
brain.  806 
capillary.  897 
control  of,  897 
extradural,  806,  807 
from  wounds.  89 

arrest  of,  95 
into  brain-substance,  S09 
into  lateral  ventricle,  809 
inlracrsinial,  806 
ir<-atment,  608 
methods  of  cnnlrolling,  337 
secondary.  898 
spinal  meningeal,   830.     Sec  also  Htmato- 

rack  is. 
subdural,  806,  807 
venous.  897 
Hemorrhagic  ulcer,  77 
Hereditary  syphilis  of  bone,  693 
Hernia  cerebri,  809 

of  muscle,  764 
Hernial  aneurysm,  914 
Hewitt's  apparatus,  43iS 
nitrous-oxid  app:iratus,  457 

and  oxygen  apparatus,  459 
Hey-Lee  amput.ition  of  leg,  355 
Hey's  amputation,  349 
Hip,  dislocation  of.  after-treatment.  673 
classification,  663 
complic.iti'ins,  672 

cleaning  out  the  socket.  673 
entanglement  of  sciatic  nerve,  673 
friicturc  of  shaft,  673 
compounil,  674 
congenital.  751 
diagnosis.  751 
pathological  anatomy,  751 
prognosis,  753 
treatment,  75a 


Hip,  dislocation    of.    congenital,    treatment, 
gradual    reduction    by    mechanical 
appliances,  756 
neo-anhrosis  operation,  756 
reduction  after  incision,  753 
reduction    liv   forcible   manipulation, 

754 
varieties,  751 
dorsal,  663.  663 

signs,  667 
mechanism,  663 
pathology,  664 
reduction,  669 

Allis's  method,  671 
Bigelow's  method,  669 
signs,  667 
thyroid,  662,  663 
signs,  668 
Hip-joint,  amputation  at,  360 
anatomy  of.  659 
disease,  734 
cause,  725 
diagnosis,  739 
symptoms,  735 
treatment  of  abscess  in,  734 
by  excision  of  joint,  735 
osteotomy,  737 
excision  of,  370 

simple  traumatic  inflammation  of,  737 
Hodgkin's  disease,  935 

l)lood  in,  85 
Holocain,  455 
Horns,  491 
cicatrix,  491 
cutaneous,  787 
nail,  491 
of  scalp,  787 
sebaceous,  491 
wart.  491 
Horsehair,  si eri ligation  of,  383 
Hospital  gangrene.  179 
diagnosis,  181 
diphtheritic  form  of.  180 
prognosis,  189 
pulpy  form  of.  181 
treatment,  182 
ulcerating  form  of,  180 
Hot  fomentations.  424 
Housemaid's  knee,  781 
Humerus,  dislocaiion  of,  619 

causation  and  cl.issifl cation  of,  619 
complicated,  638 
compound,  628 
diagnosis.  623 

difi'ercntial.  624 
frequency,  619 
infraspinous.  symptoms,  633 
old.  63Q 
pathology,  620 
prognosis.  624 
subclavicular,  pathology,  630 

symptoms.  623 
subcoracoid,  pathology,  6ao 

svmpioms.  631 
subglenoid,  patholog>',  6ao 

symp1c)ms,  623 
subspinous,  pathology,  630 

svmptoms.  633 
supracoracoid,  symptoms,  633 
symptoms.  621 
treatment,  635 
by  hypercx  tens  ion,  6aS 
kocher's  method,  636 
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Humerus,  dislocation  of.  (reatment.  pendulum 
method.  638 
excision  and  resection  of.  391 
fracture  of.  544 
ni  surgical  neck,  544 
external  condyle  of,  553 
head  of,  545 
diagnosis,  546 
prognosis  of,  547 
treatment,  547 
internal  condyle  of,  55a 
lower  extremity  of.  551 
diagnosis,  554 
treatment  of,  554 
shaft.  548 

diagnosis.  549 
non-union  of.  550 
prognosis.  549 
treatment,  549 
supracondyloid,  551,  553 
with  displ.icement,  548 
Hydatid  cyst  of  spinal  column,  855 
Hydrocele  of  neck.  4B0 
Hydroceles,  502 
Hydrocephalus,  819 

trealmeni,  Sio 
Hydrogen  peroxid,  277 
Hydrophobia.  190 
anatomical  findings  in,  191 
diagnosis.  193 
in  dog.  193 
distribution  of,  190 
etiology,  190 
frequency.  190 
history,  190 
prognosis.  193 
symptoms  in  inoculated  animals,  191 

in  man,  193 
treatment  of  193 
Hygienic  conditions,  influence  on  repair,  109 
Hygroma,  cystic.  933 
Hyoid  bone,  fracture  of,  533 
prognosis.  533 
symptoms.  533 
iriMtmcnl,  533 
HypprciTiia,  43 
aclivc,  43 

from  paraUsis  of  the  perivascular  ganglia,  44 
of  irritation.  44 
of  paralysis,  44 
passive.  4; 
HvpiTiropliy  of  muscle.  770 
Hvpodfrmnclysis.  435 

in  septiccmi.i  and  pyemia.  170 
Hyp'iglo'i'.al  nerve,  injury  of,  888 
Hysterical  joint.  721.     See  also  Seuromimesis . 

ICH'iR.  lis 

Idiop^iihie  tetanus.  183 
Iliac  iib'ices'i  in  Pott's  disease.  847 
arteries,  aneiirvsni  of.  919 
artery,  i-omnion,  ligature  of,  327 

c.vlern.il,  ligature  of,  32S 

internal,  lig.iturc  of,  328 
lljofemoral  liijamenl.  660 
lliolivpoga-tnc  nerve,  injurv  of.  891 
lli<i-iTiguinal  nerve,  injury-  of.  891 
lliopSMas  abscess  in  Pott'-  di-e.ise,  847 
Imlifiililv,  trephining  for,  820 
Ininiiiniiv  ti>  jivogrnic  infection,  58 
lmp:iitccl  fr.icture,  506 
Implmi.ilion  cysts,  409 
IneoMiplelc  fracture.  505 


Indian  method  of  plastic  sitfgery,  398 

of  rhinoplasty,  401 
India-rubber  gloves,  391 
Infected  wound,  treatment  of,  304 
Infection,  cryptogenic,  151 
immunity  to,  58 
local.  57 

conditions  bvorable  for,  59 
spontaneous,  151 
Infective  inflammation,  57 
Inferior  dental  nerve,  avulsion  of,  874 
Infiltration  anesthesia.  455 

Schleich's,  in  minor  surgery,  431 
Inflamed  ulcer,  77 
Inflammation,  45 
constitutional  treatment  of  54 
infective,  57 
leukocytes  in,  47.  48 
of  artery,  902.     See  also  Arleritit. 
of  bone,  675.     See  also   Oileiiis,  Periastilii, 
and  OsUomyelitii. 
acute   suppurative,  675.     See  also    Otteo- 
myelidi,  acute. 
of  joints.     See  also  Arthritis  and  Symofiiij, 
of  muscles,  770 
of  ten  don -sheaths,  773,     See  also  Tentiiym^ 

fitis. 
pathology,  46 
phlegmonous,  73 
septic,  57 
simple,  45 
symptoms,  50 
treatment,  53 
Inflammatory  conditions  following  burni,  iia 
diseases  of  spleen,  934 
gangrene.  233 
Infra-orbital  nerve,  avulsion  of,  874 
Injections,  intramuscular,  436 
of  mercury  for  syphilis,  436 
Injuries  of  blood-vessels,  896 
j      of  burste.  780 
of  joints.  597 
of  scalp,  784 
of  skull,  700 
I  Innocent  tumors,  character?;  of.  466 
I  coexistence  of  two  genera  in  the  same  per- 

son. 470 
Innnminaic  aneurysm,  920 
artery,  exposure  of,  by  resection  of  the  ster- 
num, 318 
ligature  of,  317 
Inoculation  eitperiments,  29 
Insi'Ct-bites,  212 
symptoms.  212 
treatment.  212 
instruiiK-nt  lalik".  310 

arrangcmenl  of.  303 
Instruments.  312 

sterilization  of.  287 
lntiTcost;il  nerves,  neuralgia  of,  890 
Intermuscular  lipomala.  474 
Inlerpli.ilangeal  joint:>.  dislocation  of.  643.  658 

ijf  finytr?,  dislocation  of.  645 
Intcrrupteil  pl.isier  dressing.  409 
InitTscipulothoracic  amputation.  347 
intestinal  tract,  stcriltration  of,  294 
Inira-.iniciilar  fraiturc,  506 
Intr.icapsnIar  fracture,  506 
Intracranial  aneurysm,  820 
hemorrhage,  806 
lre;ilmrnt,  808 
tumors,  813 
operation  on,  817 


^^^^^                  ^^^^^^^^^^^^^^B 

Intncranial  hemorrfaagt,  t^ltuitioa  of,  St5 

Kn««-joint.  di»c;i9e»  of.  trealMeni,  excbion,  748             ^^H 

tcchnic  of  iipenilinK.  S17 

eKCL&ion  of,  373.  743                                                            ^^H 

Inimcyaitc  papillomaca,  490 

oMcntuthnitt  ul,  74a                                                            ^^H 

(niraniu'iculiir  injcviwns.  436 

syuQvtiLs  of.  737                                                                    ^^H 

lipnniQta,  474 

iteflimrnl.  738                                                            ^^H 

Inirauwnnt-  fmcnirc*.  535 

lumur  uf,  740                                                                 ^^^^ 

Inirati-nnut  Injection  of  uUnc  fluid.  435 

white  swdlmg  of.  74a                                                         ^^^| 

Inluwiiitcepiion,  reciol  inftaiion  in.  437 

Knifr.  iTJiirinef  of  holding.  315                                             ^^H 

Ivdornrm,  378 

Kntii.  teef,  338                                                                         ^^H 

gaUK'.  M^ 

siliiaic,  336                                                                            ^^H 

-puiiomni:,  3/9 

Kny-^pfa!{iie  sii-riliter.  374                                                  ^^H 

Itchcmic  d«gi'ncrBtion.  ai& 

Koch  tviiiiKL-.  39,  30                                                                ^^H 

iKhit^fcRiural  ligament.  O60 

Kucliir*  iiii-lh>^d   nf  rediidnf;  diilocstion    of               ^^H 

lialtiin  method  uf  plosilc  surgery,  398 

humeTut.  &-j6                                                            ^^^| 

of  rhifi'iplnMv,  403 

Koch's  mvtiiixl  of  ^tiuninx  tubercle  tMcilii,  35                 ^^H 

Ivory  exu•lose^.  699 

KiHUse-H^ntry  method  uf  excutng  GutMrian               ^^H 

):'j<nijliun.  8;«                                                      ^^H 

jAKSCIDi's  nprr.iiinn  for   npmit  ol  lrian|{uliir 

KrIobelkrankbeiC.  a?^                                                             ^^H 

Afifcl,  397 

Kronlcin's    opecatiun    (ui    eKclsion    of    ihinl               ^^^^ 

tiundicr.  paiholugy  of  hloMi  in,  84 
JBW.  ankvloftii  of,  f«wciion  for,  3S9 

division  of  fifth  ncr^tt.  I73                                     ^^H 

KUhnc'i  methylene  blue.  97                                                  ^^H 

crottcti  orobliquF  bandagr  of,  415 

^^1 

diitno-ition  i>f,  613 

Lai-kratkii  waimd!>.  88                                              ^^| 

cauMikin.  A13 

Liccntlon  of  nervr,  866                                                        ^^1 

(l)aKno«i«4  615 

]^iriiii.r  of  vi-rtet>ni.  finclurc  of,  8*5                                  ^^H 

p.illii>li(|[y,  614 

Lwninccttimv,  B34                                                                   ^^H 

pro);rK<sis.  614 

Larfey't  umputJition  at  jih4iulfler-;oini,  346                       ^^H 

sirmpiomt.  614 

L;)Tynijf>il  »|ui>m.  888                                                             ^^H 

crcaimcKl.  ^15 

Intersil  curvature  of  tplne,  8S7.    See  oJso  S<o-             ^^^k 

lower,  (li>lucuiio9i  of,  615 

^^^1 

(mclurt-  of,  530 

ventnde.  hemorrhage  into.  809                                   ^^H 

upper,  cxcUion  of,   384.    Sec  Extitiam  ef 

I^iietiMein's  excision  of  anUe-)oiiil,  373                        ^^H 

lufirrier  maxUln. 

Lavage  of  sii>niac-h,  436                                                   ^^H 

frncturi-  tif.  5*7 

licad,  pini^^ne  from,  336                                                      ^^^| 

Joini.  tiysirricul.  731.     Sbc  jVnuvmimttis. 
Joiiitt.  C'lnliiurinti  of.  597 

Leedies.  433                                                                      ^^H 

Lr  Yt\j\\  lihlot.mAl  nmpuijilion.  354                                 ^^H 

irwiiiHfni.  59B 

\^%.  iimptitation  at.  3^.    See  nUo  Ampmtatian               ^^H 

dlvosFS  of,  70a 

»/                                              ^H 

dittoc.iitnnAof.  603.     See  Dft/ofafiem, 

ffACltLfC  of.   590                                                                                                        ^^H 

erusioD  of.  375 

nmbulutofy  drvuings  for.  595                                   ^^H 

excision  of.  564 

pruiiuuais.  593                                                                       ^^^| 

ioR^m'tiailonof,  ict  Arthritit ua^  Syitovitit, 

itcatiDcni,  .S93                                                                       ^^H 

tDjurii-ft  In,  597 

Lciter*  aptiarstiu.  434                                                     ^^H 

Icoic  tioiJitf  in.  793 

I.ron(iii&is.  793                                                                          ^^H 

cartjla|i;e%  uf.  475 

Lepruty,  baeierioloj^v  of.  36                                                 ^^^| 

tpcciul  diieaw^  uf,  7^4 

I^elenneur's   nprraiion    Tor   repair  of   qiiadrl-               ^^H 
btpmf  defect.  398                                                    ^^H 

kprains  of,  598 

nr^ulU.  599 

Leukrmivi.  lymphutc,  935                                                     ^^H 

uc.ilrncnl.  599 

p.ithoiloio'  nf  blood  in.  85                                                  ^^^| 

AuripiinitiiKi  oft  600 

iubcrcuio&t«  of,   713.      See   liino  Arthritis. 

splenic.  Qi;                                                                            ^^^1 

I^iiko<:yf«  in  inflnrnmatioB,  47.  48                                    ^^H 

imifreular  »sltUk. 

In  suppuralion,  63                                                               ^^^| 

wovinils  of.  600 

of  tuhrrclr.  x\<,                                                                            ^^^^L 

rrtivli^.  601 

t^ukacviiMi^  in  aliM:TM.  81                                                         ^^^| 

lign^,  60a 

In  suppuration,  83                                                                ^^^| 

ir^^nimvni.  6ot 

In  lrralRH-n<  uf  ^iticeini.1,  170                                            ^^^| 

Jcrint-iuhi^rculom,  713.     S«c    «Im>  Artkriiis. 

Ug.-imcntoua  union  o(  fracture.  534                                   ^^^| 
Ligamcntuni  palellse.  rupture  of.  707                        ^^^^H 

Itittrcular  ailtUie. 

Ugatare  of  artenes,  316                                            ^^^^| 

KANCAitOo-TEM>i<N,  chrotnlciicd.  283 

abdomliul  aorta,  ja;                                           ^^^^| 

K»ryok)nc»^  in  leukocytci,  44 

aitillary,  3*1                                                                      ^^^| 

Krrn's   operation  upon  tlie    |K>stefior  rotatOf 

in  axilla.  398                                                                 ^^H 

nerves,  883 

braOil.1l,  333                                                                      ^^H 

KvIohI.  ck^tihcial.  128 

carniid.  rommon.  315                                                     ^^H 

ot  vcidp.  788 

cull-mat,  333                                                                 ^^^1 

K'dncy,  IuIhtcuIusU  of.  aU 

inlemal.  335                                                                  ^^^| 

Knee,  ftmpulation  al.  357 

dorialu  pedi«.  33a                                                           ^^^| 

iliiloc&iion  of.  646,    See  TWa.  diit^atiam  *f. 

^mial.  3>7                                                                          ^^H 

Kni-«--joini.  unkytoiii  of,  osteotomy  for.  376 

fi-moril.                                                                              ^^^1 

arlhriii^of,  739 

in  Huntcr't  CJinal.  331                                                ^^^| 

irvfttmcnt,  740 

grnrral  prmriplrt,  316                                                          ^^^^ 

rtlM»*jrs  of,  737 

ItUiteal,  330                                                                       ^^H 

irMiimcni,  741 

ilutc.  cumnion,  317                                                         ^^^| 
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Ljgalure  of  arteries,  common  iliac,  extraperi- 
toneal, 328,  330 
external,  338 
internal,  338 
innominate,  317 

by  resection  of  a  portion  of  the  sternum, 
318 
lingual.  336 
occipital,  337 
poplitc;i1,  331 
pudic.  internal,  330 
radial.  323 

lower  third.  333 
upper  third,  333 
sciatic,  330 
subclavian,  318 

in  first  portion,  318 
in  second  portion,  318 
in  third  portion,  319 
temporal,  337 
thyroid,  inferior,  330 

superior,  319 
tibial,  anieriar,  333 

poslerior,  333 
ulnar,  334 
at  junction  of  upper  and  middle  thirds 

of  arm,  334 
in  lower  third,  334 
vertebral,  331 
to  control  hemorrhage,  337 
treatment  of  aneurysm  by,  918 
Ligature -carrier.  313 
Ligatures,  380,  314 

of  blood-vessels,  absorption  of,  138 
Lightning,  effects  of.  1 16 
Lightning-stroke,  116 
symptoms,  117 
treatment.  118 
Line  of  demarcation,  315 
Lingual  artery,  ligature  of,  336 

dermoids,  499 
Lint  poultice,  434 
T.ipoma  arliorescens,  474 
l.ipomiila,  473 
diffu-si'.  473 
intermuscular,  474 
intramuscul.Tr,  474 
meninjjiMl.  473 
nasal.  496 
periosteal,  475 
sulicut:inci)us,  473 
submllcou^.  474 
sxibstTuus.  474 
subvynrivi.il,  474 
I.iquor  puris.  63 
Lisfranc's  iimpiiiation,  349 
at  shoulriLT -joint,  346 
Local  anesthesia.  41^3 

by  infiltration,  431,  455 
cocain,  429,  434 
ethyl  chlorid,  434 
cucairi.  432,  455 
hiiKioain,  435 
in  minor  surLTcrv,  438 
applicauun  of  cold,  426 

of  hfiii.  423 
asphyxia,  230 
blood -li-ttinj;.  ^-i,}, 
infeclHin.  37 

conditions  favorable  for,  59 
immunity  li>,  58 
syncope,  230 
Localization,  cerebral,  792 


Lofflcr's  alkaline  methylene  blue,  27 
blood-serum  mixture.  34 
I      method  of  staining  tlagelta.  38 
!  Long  saphenous  nerve,  injury  of,  891 
Looie  bodies  in  joints,  733 
symptoms,  733 
treatment,  733 
cartilages  of  joints,  475 
Loss  of  power  in  fractures,  509 
Lossen's   excision    of  second    division  of  tri- 
facial, 875 
Lower  extremity,  spiral  reversed  bandage  of, 

413 

jaw,  dislocation  of,  613 

fracture  of,  539 

diagnosis,  530 

prognosis.  530 

treatment,  530 

Liicke's  excision  of  second  division  of  trifacial, 

875 
Lumbar  abscess  in  Pott's  disease,  847 
treatment,  851 
plexus,  injuries  of,  891 
Lumpy-jaw,  301 
Lupus  coUoide,  249 
diagnosis,  349 
elev^,  248 
erythematosus,  351 
exedens,  348 
exfoliativus,  348 
exulcerans.  348 
localities  of,  348 
maculosus,  348 
myxomateux,  349 
of  mucous  membranes,  349 
of  penis.  363 
papillaris  verrucosus,  248 
phagedeniquc.  248 
prognosis,  249 
serpiginosus,  348 
treatment,  249 
tumidiis.  348 
v<jr;ix,  248 
vulgaris.  347 
Lusigartrii,  bacillus  of  34 
Liixatio  erect, I  of  humerus.  619 
hori/ontalis  of  humerus,  619 
Lviiiphadenilis  frum  sejiticemia,  153 
tiiliL-rcuIuus,  331 
diagnosis,  232 
pathological  anatomy ,  252 
svniptoms,  232 
Ircaliiicni,  232 
Lymplianf,'i'-ci:isi''.  931 
Lymphaiipioni:i,  471J,  931 

cavfrnous.  480 
Lymphaiigili'-.  acute.  928 
chronic.  929 
from  septicemia.  152 
peripheral,  928 
tubular.  936 
symptoms,  939 
trcumi'nl.  929 
Lymphatic  cysts,  480 
glaiulb  :ind  the  resorption  of  bacteria,  149 

Mirtjerv  of,  933 
Icukeniia,  435 
nevus.  480 

system,  surger\'  of.  922 
vessels,  surgery  of,  927 
wounds  of.  927 
Lympli-piancl  mfection  of  tumors.  471 
Lymph-glands,  primary  tumors  of,  933 


^^^^^^^^^                                 ^^^^^^^      953         ^M 

Lyiti(>h>t:Uii(l».  tarvomu  of.  936 

Me(flCiiTpopluilBn|;e.>l  julnl  of  fingvrs.  dtiloca-              ^^H 

Lytnpli-pubs.igi^s,  tmnsmttsioq  ol  ptn-microbc* 

ttoii  i><,  645                                                               ^^^^ 

1                                            by.  148 

.Meucnrpuf,.  diklocjliun  o(,  643                                          ^^^| 

Lymph-fttrotuiii,  930 

Met«&uiic  ec>-s>pelks.  175                                                     ^^H 

'b1oud-ir\amiruii(in  in,  S6 

Metaiiinul  linne.  BmpiitiitioR  of.  349                                ^^H 

diviriit^uliiiun  nt.  349                                               ^^H 

l.ymphiiiEl  lotpiuclt^hor  iuIntcIc,  345 

I.ympliopnu,  iiiulignnnt,  935 

rxi'ision  nnd  ri*seclion  of.  ^j                                     ^^^| 

LymplioTrtiM.  930 

fmi'iurtt  itt,  51^                                                                ^^^1 

l.ymphoMiKonu,  4S3.  935 
IasoI,  >77 

MpiNiarsMphfllurceal  joinu.  di^ocatlon  of,  65K             ^^H 

MctuMn.av,  dMrnniiion  ur,  658                                     ^^^H 

Ly«M.  tgo 

Methyl  vinlei,  37                                                              ^^^^M 

Mctliylt-nr  bichlorid  as  an  anothcltc,  444                 ^^^^^| 

M\cewsN'4  supmciindyloid  oAtroiomy,  378 

37                                                                           ^^^^^1 

Mjcro<:hvilu.  933 

Kuhnc't.                                                                          ^^^1 

Mi>c^o|illM^ia.  9^9 

Lofflcr's,  37                                                                     ^^H 

Mitdura-fooi.  ao8 

Met^chnikoff't  (h«ory.  49                                               ^^H 

morbid  anaiumy,  ao3 

Michuii's  oper.iiiijii  to>  rhinopUuty,  401                           ^^H 

iymiHums,  aio 

MicKKoeci.  1;                                                                         ^^H 

1  rem  incut.  310 

dBVclgpmclll  ot.  17                                                                    ^^^1 

Mai  pcrfnran.i,  77 

Microcuccm  Pamcuo.  34                                                ^^H 

MkIeu  bone,  fraciurc  of,  597 

Irirageniis.  31.  58                                                               ^^| 

trenlinvnt.  538 

MilLxry  tulwrvlc,  24!                                                             ^^H 

Milgdcnc*^  racket  amputAiloii  of  mciaciirpal 

Mtlk-k-K,  900                                                                           ^^H 

bon«,  j^a 

M'ltbr.ind,  194                                                                 ^^H 

Malifnuint  diiimi«*,  patluiloicy  of  blood  tn,  S4 

Miners  elbow,  783                                                                 ^^H 

edniia,  197 

Minor  furgery .  404                                                                ^^H 

tMCivriology  of.  38 

anvMbrrir*  in.  437                                                          ^^H 

lymphoma,  935 

Mixed  fructure.  507                                                               ^^H 

luniort,  ctianL^-i«rs  of.  466 

MiXIcr't  exi.-i«)i>n  ot«eeond  and  third  di*IMOTtt             ^^H 

divicriiin.tlwn  of,  471 

of  firth  ni-rv«.  876                                                   ^^M 

at  Wile.  7DI 

of  tlilrd  tJivHion  of  hflh  nerve.  87$                           ^^H 

Mnllvin.  aoo 

Mubtlity.  ubiiariiial.  in  friLlure^,  508                                ^^^^ 

M.illcus  humidui.  198 

Mobi  K&i^rcne.  314                                                              ^^H 

Many  luitLut  baniluge.  407 

h^i.  appUoalhin  of,  4^                                              ^^H 
Mole,  haiiy.  479                                                         ^^H 

MHrtniirrk'&aniUtrcptouocctcieruiii,  169 

culiun;  mi^dia..  34 

Molet.  500                                                                  ^^H 

M-HSbuiic  In  contusions,  104 

MoUtiHcuin  fibrosum,  478                                                ^^H 

In  irirtammailon,  54 

Morbid  (TTtwltis  nfier  fracture,  53]                                     ^^H 

Mixilla,  in(rrt>tr.  rxcislon  of,  387 

Mordantt,  37                                                                            ^^H 

*«l»fin>r,  i-\ci)j<>n  of.  384 

Mortification.  313                                                             ^^H 

Mayc>-Kvljsun'»  opcrkiion  for  *pinft  bifida.  838 

Morve.  198                                                                       ^^H 

Mtyor't  hamincr.  423 

Motor  nerves  of  lower  abdominal  tniucles.  in-           ^^H 

liiiti(tk<;fi.hti-r  dccuiri^s.  407 

juries  of.  891                                                            ^^H 

Mi.Mt-w,itcr.  3.1 

Moulded  spliniii,  514                                                       ^^H 

McL-tianKal  clcnntmg  in  .ueplic  nu^^ery,  rja 

Motive  u-plicrnna,  147                                                          ^^^^ 

ML-cket's  iC^uiKlioii.  irKcision  of.  875 

MiHilh.  xlcrihmlion  of.  093                                                  ^^^| 

Mi-di.in  nrrvc.  bMncti  of,  in  hand,  injurin  ol. 

Mueoiu  hiiniE.  780                                                               ^^H 

890 

mrmhmn(-<(.  Iiipui  of.  249                                          ^^^^H 

tnjur>  of.  890 

lub(■rc^lo^U  or.  347                                                 ^^^^^H 

Mi-rtinuruil  iimpiiiniton,33o 

Muttipir  fraciure.  505.  $07                                            ^^^^H 
Mural  implanlatlon  of  bacteria,  154                          ^^^^H 

Melanosarcomnta.  4B4 

Mp1on-Mr»l  bodies.  a4o 

MuBele-cnlliii.  139                                                           ^^^^H 

Mcninj^fal  lipomMn.  47; 

Musclrv.  ^lUiiphy  of.  771                                                    ^^^H 

Mcniiigiliv  M?t.'on(lnry,  8ia 

contrail  11  r<'«  of,  773                                                                  ^^^H 

Inumttik-,  8il 

contusion  of,  763                                                                ^^H 

rnbL-rcidaui.  354 

progiiusi*.  763                                                                 ^^H 

Meningocele,  790.  S19,  836 

M8ns.763                                                                          ^^1 

clink.a-1  imiorv,  837 

Ireatmvnl.  763                                                           ^^H 

McniitKLi-oiii-cpiialuccle.  819 

<KKaa«s  of,  770                                                             ^^H 

Mciiinuuniycliicelc,  iyi 

fiinctienDl  di«orden  of.  77a                                         ^^H 

clinical  liiilory.  837 

iiemia  of.  764                                                                       ^^H 

diJEiiosii.  diffetcntuiL.  S38 

hypttnm\}ity  at.  77Q                                                     ^^H 
bnnamniutinn  of.  770                                                         ^^H 

Mciiitil  utalv.  indumcc  on  repair,  110 

Mercury  m  inflamniAtinn.  ^f> 

nsmpmmt  770                                                          ^^H 

mjcciiona  of,  436 

tre.iiTi>ent.  770                                                                ^^H 

.Metacarpnl  banes,  nntpiilaiion  of,  341 

repAtr  of.  t>9                                                                       ^^H 

exniion  ftf,  39» 

rupture  of.  764                                                                    ^^H 

fnrtiirr  of,  e7a 

sprain  and  sindns  of,  764                                             ^^M 

Mal|;>tiii;iir\  rncLri  nmpmntJoR  of.  >|3 

«n>hi1[tlc  diseaM  of.  770                                              ^^| 
tuHfculotla  at.  a6t,  770                                              ^^M 

Thumb,  d)sliicnl{oii  of.  643 

MetAcn  rpoph«  bnKrnl         join!,         MnpulalioA 

tumorx  of.  773                                                               ^^H 

fhranich,  341 

wound«  of.  76B                                                                   ^^^1 

diatoeMion  of.  643 

Imilmcnl.  7A9                                                                ^^^H 
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Muscular  contraction,  fracture  by,  507 

spasm  after  fracture,  530 
in  fractures,  509 
surgical  treatment  of,  881 
Musculocutaneous  nerve,  injuries  of,  890 
Musculospiral  nerve,  injuries  of.  889 
Mustard  foot-bath,  425 

plaster.  425 
Mycetoma.  308.     See  Madura  foot. 
Myelocele,  835 

clinical  history,  837 
Myeloid  sarcoma  of  bone,  701 
Myelomata.  481,  48a 
Myosite  infectieuse,  161 
Myositis,  770 

symptoms,  770 

treatment.  770 
Myxoma,  793 
Myxomata,  477 

Nail  horns,  491 
Nasal  boni?s,  fracture  of,  525 
lipumata,  496 

process  of  superior  maxilla,  fracture  of,  525 
septum,  displacement  of,  536 
Nasopharyngeal  polvps.  resection  of  palate  for, 

386 
Neck,  hydrocele  of,  4B0 

of  femur,  osteotomy  of,  376 
Necrosb  of  bone,  683 
acute,  677 
after  fracture,  520 
symptoms,  683 
treatment.  683 
phosphorus,  693 
treatment.  694 
quiet.  684 
Needles,  314 

Needling  for  aneurysm.  917 
Negative  chcmiotaxis,  19 
Nelaton's  excision  of  shoulder-joint,  366 
Nephrophthisis.  266 

Ncphroiomv  in  tuberculosis  of  the  Itidney,  267 
NiTve.  iinltrior  crural,  injury  of,  891 
auditory,  injurv  of,  886 
liuci-.il,  iiviilsiun  of.  875 
ccrvic.il  bvinpathelic.  surgery  of,  892 
circ«niili'\.  injury  of.  8S9 
Conllisinll  of,  131 
crushing  cif,  366 
(liiiynijsis,  866 
I  real  merit,  B67 
facial,  injury  nf.  886 

fifth,  excision  iif  si'ciind  division  of,  B75 
of  second  and  third  divisions  of,  876 
i.f  third  <llvisicin  of,  875 
neurectomy  '>f.  873 
fourth,  injury  of.  886 
frontal,  awdsion  of,  874 
genitocniral,  neurectomy  of,  891 
glossopharvngeal,  injiirv  of,  887 
guslatorv,  aviiKion  of,  874 
hvpos,d"'^s,d.  injurv  of,  888 
iliohvpoiiaslrie,  injurv  of.  891 
ilio-ini;uinal.  injury  of,  8qi 
inferior  denial,  avulsion  of,  874 
infra-tirbil.i).  avulsion  o(.  874 
intercostal,  neuralgia  of,  890 
laceraiion  of.  866 
liiaRnoFiis.  866 
Ireaiineni.  867 
lonj;  saplienous,  injury  of,  891 
medi.iii,  injury  of,  890 


Nerve,  musculocutaneous,  injuries  of.  890 

musculospiral.  injuries  of,  889 

olfiiclory,  injury  of,  885 

optic,  injury  of.  885 

phrenic,  injuries  of.  888 

pneumogastric,  injury  of,  887 

popliteal,  injury  of.  891 

posterior  rotalores,  operations  on,  882 
tibial,  lesion  of.  893 

recurrent  laryngeal,  lesions  of,  887 

repair  of.  130 

sarcom.i  of,  883 

sciatic,  neuralgia  of,  891 

section  of.  866 
diagnosis.  866 
treatment,  867 

sixth,  injury  of.  886 

spinal  accessory,  operations  on,  88a 
surgery  of,  888 

supra-orbital,  avulsion  of,  874 

third,  injury  of.  886 

tumors.  883 

ulnar,  injury  of,  890 
Nerve-avulsion.  873 
Nerve-grafting,  871 

prognosis,  671 
Nerve-reproduction  after  suture,  869 
Nerve-roots,  posterior,  division  of,  88t 

pressure  on,  in  Pott's  disrase,  847 
Nerve-stretching,  865,  871 
Nerve-suture,  867 
Nerves,  bulbous,  885 

contusions  of.  863 
symptoms.  863 
treatment,  863 

dislocation  of,  866 
causes.  866 
treatment,  866 

operations  on,  867 

peripheral,  surgery  of,  86a 

pressure  on,  863 

wounds  of,  863 
Neural  arch,  fracture  of,  825 

cysts,  504 
Neuralgin,  l>rachial,  operative  treatment  of,  B81 

of  lower  exiremiiy.  surgical  treatment  Of,  881 

operative  treatment  of,  872 

trifacial  iieurecloniy  in.  873 
Neurectomy,  873 

in  trifacial  neuralgia,  873 

iif  gfnitocniral  nerve,  8gi 

of  spinal  accessory  nerve,  883 
Neurofibronialosis,  477 
Neuroliponiala,  475 
Neuroma,  pleviform,  479 
Neuromata,  883 

g.inplionis.  478 

svinptoms  of.  884 

treatment,  S84 
Nenriimimesis,  721 

diagnosis.  721 

Ireatnienl.  731 
Neiirop;i(hic  arthritis.  720 
Neuropl.^sty,  870 
Neurol'iniv.  E72 
Nevi.  cavernous.  479 
Nevolijioniala.  473,  479 
Nevus,  gi  I 

Ivinpliatic,  480 

simple,  479 
Nitrous  o\id.  457 
ancl  ether,  460 
and  o.tyijen  anesthesia,  458 


^^^^^^                   ^^^^^^^^^^^^^^H 

NiMvuf  oxfd  aoMthes'ia  in  minor  •urgery.  438 

0*teon>BU<:ia.697                                                                  ^^H 

Nilidie'i  liiuc«d>(Nl  vamixh  in  t>urn»,  114 

Irentmcni,  698                                                                     ^^^^ 

Noma  of  vulva.  935 

Osteoinaia.  475                                                                       ^^H 

trcalmcni,  336 

cancellous.  475                                                                   ^^H 

Ntin-«u{ipnnitlvt;  inflainnniion  of  banc.  675 

compact.  475                                                                ^^H 

Non-urutin  uf  fracture,  534 

of  skull.  791                                                                         ^^H 

Nose,  fniciiirr  wf,  5*5 

Osleomyelitis.  acute,  675                                                     ^^H 

[Ti-^rnwni.  5*6 

diaKnofii^.  076                                                     ^^^^H 

plavllc  surgery  of,  400 

prDgna>iv  ^8                                                     ^^^^H 

sirriliMtion  or.  393 

result  of,  677                                                       ^^^^H 

NiKlein,  59 

resulting  .ifter  open  wautld,  6S1                          ^^^^H 

Niick-int  In  wounil  tcvtr.  142 

symptninv  677                                                                 ^^^^^H 

NuMbaum'k  eicM)on  of  laeirond  division  of  tri- 

679                                                          ^^^^^H 

fctcial,  Sfi 

chronic.  6S4                                                                  ^^^^H 

Nulrieni  bouillon,  93 

etiology,  685                                                           ,  ^^^H 

Kr latin.  93 

symptoms,  66$                                                              ^^^^M 

nrif^dia  Tut  tMG(«ri>.  3a 

Irr-aiiitrni.  69$                                                                 ^^H 

Nutritive  cnvma,  injection  of.  438 

ikult,  790                                                                        ^^^1 

of  VL-rlebrie,  ncule.  840                                                    ^^H 

Ohli'jlE  bnntlagc.  406 

luberculouv,  6S7                                                          ^^H 

Ucdpltnl  -iriery.  lijpitun!  of.  327 

»yniptoiiis,  ti88                                                                ^^^| 

Occipilti-ailoiil  lUMa^c,  sympioms.  84$ 

Osicoiom)-.  375                                                                       ^^M 

ilislocnEion .  824 

GlIlinloTm,  376                                                                            ^^H 

Oiliiniomcs,  476 

for  ankylosis  of  koce-joini,  379                                 ^^H 

composii';,  476 

for  n^t-'fooi,  381                                                           ^^H 

cotnpounrl  (nUicuUr.  476 

forgtnti  vuljiuin.  378                                                  ^^H 
for  nalluK  vulguv  ^o                                                  ^^U 

«pjihellal,  476 

fi>irmi5.  476 

for  inveirratr  cIuI>-(ihii.  380                                           ^^^^ 

foiliculAF,  476 

for  tnl![M-*  (.•qumovdius.  381                                             ^^H 

fKlicular,  476 

for  tnbpes  rquinus.  3B1                                                     ^^H 

CKdfni*  ch.irtiriTinrmi,  197 

Mac<!W)-ii'i  supracondyloid.  37^                                    ^^H 

Old  i1iitoca(icin>.  bi  ■ 

of  femur  for  unkyl>^Ms  of  liip,  376                                 ^^H 

of  elbow,  ('35 

for  ci-nu  v.ilgum,  378                                                    ^^H 

of  hnniiTiii.  6aq 

of  sh.^ft  nl  femur  on  outer  fide,  378                             ^^H 

Olrcranoo.  (riciurv  of.  556 

of  tibia,  379                                                                         ^^H 

symploms.  557 

below  tuberoiitie*,  379                                                 ^^H 

Ircatment,  557 

mneifotni.  380                                                                ^^H 

Olfjciory  nerve.  Injury  of,  8B5 
outer's  rxcisinn  01  clbow-joini,  367 

linear,  379                                                                 ^^H 

Osiilta  afli-r  typhoid  fetter,  675                                           ^^H 

of  Iiip  i"iinl.  ;^7i 

in-aimeni  of.  673                                                   ^^H 

of  irapiilu.  390 

Otnf'enlc  pvcmu,  163                                                           ^^H 

of  shimldrr-joinl,  365 

Mniis  phtebilis.  163                                                            ^^H 

of  iupertar  maxilla,  385 

Oviiit  •impuiBiion,  34a                                                     ^^^| 

mj-ihod  ni  rlunopluty,  401 

Ovarian  dermoids.  500                                                    ^^H 

o«leopliutic  m«ihn<l  of  rhinoplttty,  403 

leeth,  501                                                                      ^^H 

Open  fracture.  507 

Oxnilc  Acid.  377                                                               ^^H 

Opcrailng  glovrf.  aqi 

^^H 

roomt  .ind  furniture,  306 

PACltVDERMATOCELE.  788                                                        ^^| 

rible,  joi,  307 

1'ad).,  384                                                                                            ^H 

iheaifK^.  309 

l^tii  after  fractnrr.  ;3I                                                         ^^H 

Opemuon,  iuepik-.  conduction  of.  300 

as  a  symptom  of  inflammation,  51                                ^^H 

blti'Ml-rcEenentiiifn  after.  Bo 

in  fmelurc.  $09                                                                   ^^^| 

pieparalion  of  fiL-lil  of,  393 

Mounds,  89                                                                     ^^H 

of  operutof  fur.  aS? 

Palate,  hard,  resection  of.  for  nasopharrngeal            ^^H 

of  pAiii-ni  f^r.  393 

polypA.  3S6                                                              ^^^1 

rouni  flit.  300 

.-interior  portion.  386                                                 ^^H 

Opcraiions.  Instruments  for,  Jlfl 

Palmar  ahvreM.  71                                                                ^^^| 

on  ncrvr*.  867 

Eascla.  Dupuytrcn's  contraction  of,  776                     ^^H 

Opcraiive  surcerj',  313 

F^anaritium.                                                                              ^^^| 

Opemtor.  clnihingof.  j88 

I'api!1omiL.  489                                                                 ^^H 

prepcmiion  of,  for  npt-rtlion.  267 

inlrncyitic.  490                                                            ^^H 

Opiic  Ticrvp.  lesions  o(.  885 

ttllous,  4S0                                                                          ^^H 

Oranite  colnrfrt  pin,  66 

r^iqucLin'*  cautery,  433                                                   ^^H 

Orbit,  lr,Ktiir<>  of.  Boi 

P.mci^nteii^  ihonins  in  lubercukius  pletuisy            ^^H 

Orchitis.  tLlwrcuUr,  363 

and  empyema,  355                                                ^^^M 

0*  C^ilrU,  (lf»locai1)on  of,  657 

T^imffin  lianibiire.  410                                                           ^^^| 

fracture  of.  596 

Pomlysis  .liter  franure.  319.  5^1                                         ^^| 

Os  magnum,  ilalocalioii  of,  641 

crutch  .  afirr  fraciurr.  533                                              ^^H 

Osteitis  defnrmnnit.  698 

fiicial.  886                                                                             ^^H 

procnoshi.  698 

hypetemin  of.  44                                                                ^^H 

treat menl.  698 

of  reciimeni  lnr}-ngeal  nerve,  SM                                  ^^H 

Osieoanlmlis.  709 

pressure-,  863                                                               ^^H 

ot  kata,  740 

if««tment,  865                                                          ^^H 
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Paralysis,  Saturday-nifilit.  131 
PaTaplegia,  comprc^Mun.  848 
Parasitic  cysis,  504 

fetus,  501 
f^rkhill's  fraciure  cinmp,  515 
Passive  hyperemia.  45 
Patella,  dislocation  of,  649 
frequency,  649 
fracture  of.  586 
sympionis.  588 
treatment,  588 
suturing  of,  589 
Pathological  dislocations,  613 

fracture,  507 
Patient,  preparation  of,  for  operation,  993 
Pelvic  bones,  resection  of,  389 
Pelvis,  fracluvf  of.  57a 
Pendulum    method  o\  treating  dislocation  of 

humerus,  638 
Penetrating  fracture,  505 

wounds.  88 
Penis,  lupus  of,  263 
tuberculosis  of,  361 

tuberculous  ulceration  of  dorsum  of,  361 
Peptone  solution,  Dunham's,  34 
Perforating  wounds.  88 
Peri-adenitis  from  septicemia,  153 
Pericarditis,  suppurative,  operative   treatment 

of,  895 
Pericardium,  wounds  of,  894 
symptoms,  894 
tn-atment,  894 
Perinephrilic  abscess.  73 
Periosteal  lipomata,  475 
Periosteum,  inflammation    of.  675,     See  Ptri- 

ostitis. 
Periostitis,  acute  non-suppuralive,  675 
suppurative.  675 
treatment  of,  679 
after  typhoid  fever,  675 

treatment  of.  675 
albuminous.  695 
chronic,  684 
etiology.  68=; 
svm|tii)ms,  685 
IriMlmi-nt,  685 
of  skull.  "00 

resiiliiiij;  .iflcr  an  opeti  wound.  681 
tulnTi-ulous.  687 
Pt'ripln'ral  Ivmpli.iiiijilii,  i)38 

niTvcs,  surgery  of,  862 
Pcriti)nrum.   iuIht.  uln^i-i  of,  258,     See   Tuhfr- 

i«/:'in  1/  thf  prril.-nfiitn. 
Peritc)tiitis.  tiiheriiiliJiii.  258.      See  Tiibcri:iil\>sis 

•  '!  Ihi-  perit.'iitHm. 
Peri-iiri'thriiis,  tubiTCulous.  361 
Petit's  lourniquel.  117 
Phapt'iloTia,  3_^7 
Ph.ififilenic  ulcers,  78 
Phni;i>i.% tes,  4^ 
PhaUinycs.  i'\ci>ion  of,  393 
.\ni[  rfS<'otion  of,  3g5 
frai-iuri"  of,  572 
of  tiies.  fi,ioliir>'  of,  506 
l'h.iryn\.  sieriliialion  ot.  394 
I'hlfhjtis,  00^ 

oioiitiiii-  sinii-.  163 
suppiiriliM'.  >x>5 
iitMimi'm.  171 
s\  ttipioms.  000 
trealiiiviil.  ixTi 
llilelv'liih.  ooS 
ITjIeboiomv.  434 


Phlegmasia  alba  dolens,  906 
Phlegmonous  erysipelas,  176 
inflammation,  73 
treatment,  74 
Phlogosin,  145 
Phosphorous  necrosis,  693 

treatment,  694 
Phrenic  nerve,  injuries  of.  868 
Phthisis  testis.  363 
Picric  acid,  37 
Pirogoff's  amputation,  35a 
Pi:>iform  bone,  dislocation  of,  641 
Plantaris  muscle,  rupture  of,  765 
Plaster  bandage.  408 

Gigli's  method  of  applying,  408 
in  fractures,  513 

Sayre's  method  of  applying,  408 
dressing,  interrupted,  409 
mustard,  435 
Plastic  surgery,  395 

direct  union  of  freshened  edges,  396 
Indian  method,  398 
Italian  medioJ,  39S 
lateral  displacemtnt.  396 
method  of  flap-formation,  398 

of  gliding,  396 
of  deformities  after  burns.  399 
repair  of  elliplic.-il  defecis.  398 
Weber's  operation.  398 
of  quadrilateral  defect,  398 
I.etennetir's  method,  398 
Br  tins'  operation,  398 
of  triangular  defect,  398 
Burow's  operation,  397 
Dicffcnhach's  operation.  397 
lixesche's  operation,  397 
rhinoplasty.  400.     Sec  also  Khinoflasfy. 
Plate-cultures,  34 
Pleurisy,  tuberculous.  355 
Plexiform  angioma,  479 

neuroma,  479 
Plexus,  brachial,  injuries  of.  889 
cervical,  injuries  of.  888 
lumbar,  injiirn'-  of.  891 
Pneumaloirif.  786 
Pneuniiig.islrii.-  nerve,  lesions  of.  887 
Pneumonia,  diploioccus  of.  34 
Poiiiliiig  of  an  alisce-iS.  64 
Poisoned  wounds,  105 
5vnipIoiii>.  10(1 
Ire.ilnient.  107 
Popliteal  aneur\>m   019 
arlery,  ligaiuie  iif.  331 
nerves,  iii]iir\  of,  891 
l\iri-\»ini-  >t.un,  470 

Position,  contiol  ot  hemorrhage  by.  337 
Po-iiive  I- hem  iota. vis,  lo 

Posterior   nerve-rools,   dmsion   of,   for   neural- 
gia. 831 
rotatorcs.  oper.iuons  u[H>n.  882 
tibial  ni-rie.  le-ion  of,  892 
Poslesophageal  ab^cfii.  in  Pott  s  disease.  846 
Postoperative  fever,  blood  in,  S^d 

treatment  of  wouncls.  aiju 
Postpharyngeal    abscess     m     Potts     disease. 
S4^ 
ireatnient,  8fl 
Poias-iuiTi  permangan.ilp,  277 
I'oialo  eiiUure-mediuni.  34 
Poll  s  clisea-e,  840 

angular  curvature  in,  843 
cour-e,  842 
deriiiii^on.  S40 


^^^^^^^^^"                                 ^^^^^^            957         ^M 

Pott'*  dUcaie,  diagncuit,  B48 

QUADRICItS  rxtFnsof  tendon,  rupture  of.  767               ^^H 

ciiulciity.  S40 

(^uAdrilatetftl  di-(ect,  pluttic  tvpiiir  of,  398                       ^^H 

paihology,  841 

Briin!i   (Tpffniliiin,  398                                                ^^^| 

prcuuie  upon  iiifrvk.--rout$  in,  847 

Lrtennrur's  operation,  998                              ^^H 

upon  spinal  curd  in.  844 

Quiet  necrusiK,  684                                                         ^^H 

prognoaii,  848 

^^^1 

ruduL-llon  of  dctormity  id,  853 

RaIII£>.  190.     Svc  y/zi/rf/Ao^id.                                       ^^H 

suppuraiion  in,  S44 

KiiL-kct  melhod  vt  >rnputatiun,  34s                                  ^^^| 

tymplomt,  844 

Riuliiil  iu-tcf.v,  ligaiurv  ff,  333                                       ^^H 

ill)St'«b«,  S46 

Radicutnr  odonlonics.  476                                                 ^^^H 

hvpi-TniiI>n>iM,  845 

Kiullus.  ilbloc.iiioii  of.  637                                           ^^^^H 

p. ail,  S44 

^^^^^H 

ngidiiv  of  *pinc,  845 

iliiiKiiiais,  6j(j                                                          n^^^^l 

Iruinkt'Dt,  84Q 

(r«quaicy,  637                                                            ^^^H 

by  rcit,  849 

(ymptcims,  637                                                             ^^^| 

by  lupptinn.  S49 

treatment.  639                                                               ^^H 

Ofucralive,  851 

tod  ulna,  disloc.itiun  of.  630,    See  £/t«i^           ^^H 

(faciuK.  -.'ji 

/•tint,  JiiiocalioM  of.                                             ^^^^ 
«xci!"on  xnd  rejection  uf.  39a                                        ^^H 

Potilticc.  fUxMrcd,  434 

Moullice*.  434 

frauturv  of  coronoid  process  nf,  559                             ^^^| 

IVcpaleiJ-ir  l>ur*tt.  inflnmnialEofl  of.  781 

of  llcad  uf,  559                                                                     ^^H 

l-'ti-'wiirc.  toiurul  oi  liemurihiigv  by,  337 

of  lower  estr«mily  of.  563                                          ^^H 

on  iitTve-roots  iti  i'otts  dis«afic,  647 

diagnoas,  3^8                                                        ^^H 

nn  spinal  cord  in  Punt  discue.  84)8 

pnignMis,  568                                                  ^^1 

PreisiiR- ppirnlvM).,  B63 

Irealfflcnl.  569                                                  ^^H 

trcaimeni,  805 

of  sliaft  of,  363                                                       ^^H 

Prinmry  iinc»thc»M,  453 

sablaulion  of  licud  of,  639                                       ^^H 

in  minor  4iir|;ei7,  49S 

Rftge,  190                                                                     ^^^H 

icptlcemiA,  156 

Railway-spine,  833                                                        ^^^^| 

I'tnMalc.  tubi^rculoiis  of,  36a 

RahuU,  503                                                                     ^^^^H 

Prolnisl»n  oT  br.ivn'membrtines,  9i9 

Ray-funj^».  aoi                                                                 ^^^H 

trcaiBirnt.  8nj 

Raynaud's  disexiv,  313                                                 ^^H 

ProvHionnl  <..<lli>i.  ija 

gangrrn?.  ajo                                                             ^^H 

Psarnmomalii,  490 

tyiiiptoms.  331                                                               ^^^1 

tSdidocysts,  503 

treatnriL'ut.  331                                                         ^^H 

tVudoieulietnia,  85.  935 

Rcvtnl  denmiul*.  499                                                           ^^H 

[Siias  abscess  in  Poll's  disoase,  847 

clhericalion,  448                                                         ^^H 

treatment.  B51 

tnbe,  nsff  of.  437                                                         ^^H 

miitcle.  niptiire  of,  768 

Rcoiua  abdominis,  rupture  of.  748                                ^^H 

I'ubtc  bont,  frecTture  of,  57a 

Recurrent  bandage,  407                                                      ^^H 

Pul>e>ffmf)r.il  bp-imcnt.  fttia 

head.  420                                                                  ^^^^ 

\'w\ic  riniry.  Iniemiil,  bj^jlun?  of.  330 

itiimp,  410                                                                ^^^1 

Puncture    in   Tubcrculoiu   ptcuhsy  and   en- 

Uir>ngeal  nerve,  leftkuna  of,  888                                      ^^H 

pyf^n,  ass 

Red  pu».  66                                                                    ^^H 

Punctured  fracture,  505 

Rctlr)«ia  aa  a  sympiom  of  intlammatkin,  50               ^^^H 

of  skull,  So> 

RedreuinjE  of  wounds,  103                                          ^^^^^H 

Purg^itivei  in  iiill.inimatlon,  56 

Recf-knol.                                                                        ^^^^H 

IW,  <>; 

Re-lurm^liun  of  the  calliii.  13s                                  j^^^^H 

btuc.  66 

ReU.xaliun-^ututes.  too                                                ^^^^^H 

bonum  et  UudAbile,  168 

KeiMir,    tiee  itlso  ti*\iliKg.                                          ^^^^^H 

-CMrpu^cies.  65 

age  and.                                                                           ^^^H 

laudsiUlc,  66 

hygienic  eoniliKon*  and,  109                                         ^^H 
influrneeK  uflrcling,  109                                                 ^^H 

inicTolii;!>.  clisMmltuition  of,  148 

microscopical  rxaminatiOB  of,  66 

mental  state  and,  tio                                                      ^^H 

ontngp-olnred,  66 

of  arteries.  135                                                                  ^^H 

frd,  66 

of  bnne,  131                                                                      ^^H 

tubrrrculnuv  66 

of  cAiiIUge.  133                                                         ^^H 

Ptisliila  mikUf^na,  194.     Sm  AmtMrax. 

glitnds,  139                                                                   ^^H 

Pustule,  67 

of  muscle,  139                                                                  ^^^1 

I'v<'ttti>.  tiih^Tculoua,  366 

rif  nerwc,  ty3                                                                                       ^^^H 

E^*loi>i^phrilis,  3ft6 

ta;                                                                         ^^H 

FNt-mia,  147 

of  s|iccia1  ixAues,  135                                                      ^^^^ 

bac^lciioloKy  of  llic  blood  in,  85 

of  •.itbcuLinr-Mis  connective  tiuuc,  t^                       ^^H 

coune  of.  I  ^S 

of  tendon.  138                                                            ^^H 

iliagnoais.  164 

Resection  of  bune,  364                                                  ^^H 

otottrnic,  163 

of  clavicle,  390                                                                 ^^H 

svm.ploms,  158 

nf  femur.  393                                                                     ^^^| 

iRatment.  171 

of  fibula.  393                                                              ^^^k 

[\lrph1ebllis.  163 

ti(  linrd  |Mlnlr.  anictior  nnclJon,  386                            ^^H 
for  tiasopharyngeol  polyps.  386                                 ^^H 

's*pite.  trcaimcni  of,  171 

Pyogenic  hncierin.  disseminalioa  of,  I4t 

of  hummis.  391                                                          ^^H 

rocci,  _?8 

of  inferior  mnxilla,  3S7                                              ^^H 

orgAnisms,  local  action  of,  60 

of  lower  jaw  for  aaliylovls.  389                              ^^H 
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Resection  of  metatarsal  bones.  395 
of  pelvic  bones,  393 
of  radius,  393 
of  ribs,  3S9 

tstlaiider's  operation.  389 
Schede's  operation,  390 
of  scapula,  390 
of  sternum.  389 
of  tibia.  393 
of  ulna.  391 

□f  ununited  ftacture.  383 
of  upper  jaw,  Von  Langenbeck's,  386 
Resorption  fever,  142 
Kest  in  inflammation,  54 
Retention  cysis,  503 
Reticular  lymphangitis.  938 
Retractors,  313 

for  amputations,  339 
Retrocoilis.  883 
Revision  of  dressing.  103 

Reyher's  excision  of  second  division  of  trifa- 
cial, 875 
Rheumatic  arteritis,  903 
arthritis,  acute,  707 
gout,  709 
Rheumatism,  gonorrheal,  713 
of  elbow,  748 
of  wrist,  acute.  748 
gonorrheal,  748 
Rheumatismus  bknnorrhoicus,  71a 
Rheumatoid  arthritis.  709 
Rhigolene.  454 
Rhinoplasty,  400 

for  elevation  of  bridge  of  nose,  401 
for  loss  of  columna,  401 

S^dilloi  s  method.  401 
for  loss  of  septum  and  nasal  bones,  401 
Die  Hen  bach's  method,  401 
Ollicr's  method,  401 
Verneuil's  operation,  401 
for  loss  of  surface  of  septum,  Indian  method, 

401 
for  superficial  defect,  400 

Dcnonvillier's  method.  4OO 
Michon's  operation,  401 
V(in  LanKenlitck's  method.  400 
Italian  method,  403 
Ollicr's  osii-iiplasiic  mellioii.  403 
Tagliaco/./ian  meihcid,  403 
Vnn  [..ingenlietk's  method.  403 
Rhinosi'tcrom^,  b.ictfriology  of.  39 
Ribbail's  b.inil.Tt;''.  4 13 
Rih-ri"-r'[;(ion,  drainage  by,  357 
Ribs,  fracture  ot,  534 
coursi",  53'> 
symptoms,  536 
trc^Umenl.  -^37 
rcsfciirjn  of.  389 
Rice  bodies,  260 
Rickets,  694 
eliolujiy,  f.r>4 
scurvv,  6()7 

troaimcnt  of,  697 
symptoms,  604 
treatment,  6q6 
Riders'  bone.  764 
Rodent  ulcer,  4Q'> 
Rolandi>,  fis>uri'  of.  Incation  of,  796 
Roll-ctiliuri.'s,  Esm.irch's.  24 
Rose's  nirihod  of  excising  Uasserian  ganglion, 
879 

RolZ.  iqS 

Round-celled  sarcoma,  48a 


Round-celled  sarcoma  of  bone.  701 

Roux's  amputation.  353 

Rubber  goods,  sierihzation  of,  386 

plaster,  43 1 
Rubor.  50 
Rupture  of  abdominal  muscles,  76S 

of  artery.  899 
treatment ,  900 

of  biceps  of  arm,  765 

of  hgamentum  patellae,  767 

of  muscles,  764 

of  planLiris  muscle.  765 

ol  psoas.  768 

of  rectus  abdominis,  768 

of  stemomastoid,  768 

of  lendo  Achitlis,  768 

of  tendon  of  quadriceps  extensor,  767 

of  tendons.  764 

of  triceps,  768 

of  vein,  900 

SACCri^TED  aneurysm,  914 

Sacral  disease,  846 

Sacrococcygeal  disease,  symptoms,  846 

tumors,  congenital,  839 
Safranin.  37 

Sagittal  dislocation  of  foot,  659 
Salicylic  acid.  377 
Saline  fluid,  intravenous  injcctioa  of,  435 

infusions  in  shock,  133 
Salt-solution  as  a  disinfectant,  277 
Salter's  excision  of  third  division  of  fifth  nerve. 

875 

Sanies,  66 

Saphenous  nerve,  long,  injury  of,  891 

Sapremia.  143 

prognosis  of,  144 

symptoms  of,  144 

treatment,  145 
Sarcocele,  tubercular.  363 
Sarcoma,  alveolar,  484 

of  brain.  814 

of  lymph-glands,  936 

of  nervi',  883 

of  skull,  792 

of  spinal  column.  855 

rouncl-ci'lli'd.  482 

sjiindle-cclled.  483 
Sarcomata.  4B2 

disiriliution  cif.  486 

geni-riil  cliaracltrs  of,  484 

of  bone,  700 
treatment.  701 
Saturday -night  ii.iralysis,  131 
Saw,  Adams  s,  377 
Sayre'^  jacket  for  Poll's  disease.  850 

jurv-iiia-.t.  851 

method  of  applying  plaster  bandage,  408 
Scalds,  III 

priignosis  of,  113 
Scalp,  abscess  of,  785 

an.ilomical  pecviliLirities  of,  784 

aneiirvsm  of,  789 

anthrax  of,  789 

blood-tumors  of,  779 

carbuncle  iif.  786 

ci'llLilili^i  of,  785 

dermoid  cysts  of,  787 

epiihflioma  of.  789 

erysipelas  of.  785 

fallv  tumors  of.  788 

fibroma  of.  788 

gangrene  of,  786 
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Seilp.  hemnionw  of,  786 

Sep6U,  &70                                                                          ^^^ 

hiinu  of,  787 

Septic  gmagK-Bc.  033                                                         ^^H 
iRdammaiiun.  57                                                                   ^^H 

miurietof,  784 

keloid  ot,  788 

inioKK4tion.  145                                                             ^^H 

nulljtDnnt  itiinors  of,  789 

citnical  criHoe  of.  146                                                      ^^^| 

»t<:rilitatioD  o(.  sm 
(union  of.  786 

py1e|MUet>iii%,  trmtmcni.  171                                         ^^H 

ulccti  of.  786 

SepUeoiiIa,  147                                                                  ^^H 

vjacuUr  tumon  of,  769 

bacicnolocy  of  !)»■?  blood  in,  85                                   ^^| 

ScalfKl.  313 

counc  of.  155                                                                       ^^^1 

iiiaDnci  u(  hukliiig.  315 

diaxnosts,  i«4                                                                 ^^^^H 

Sciiphoid  lK>nc  ilji^lucation  of,  64I,  658 

dilTrrpniiAl  di'ii£no«t«,  i64                                       j^^^^H 

Sciii[>ulii,  dihUiQktiun  uf,  617 

^^^^H 

eauMitloD,  617 

patlKilokik-al  .triBtomy,  151                                                ^^^| 

diagnoBtt,  61B 

pnmniy.  15(1                                                                   ^^H 

frwiuency,  617 

wcundnr)',  156                                                                     ^^^| 

pAlhology.  617 

syraptons.  155                                                                      ^^H 

proftnoxis  ^18 

iR^atment,  168                                                                ^^H 

mbcUviculAf.  617 

Srpticopycinij .  147.  158                                                         ^^H 

Kympiom*.  fii; 

Krpiuin  of  hom;,  (li&plii(.-«mcnt  of,  536                                ^^H 

tTcatm'-rii   618 

Sirqiicsin.  681                                                                           ^^^1 

iitiw.tid,  '>]8 

Sriinritration  dfnunidt.  497                                                  ^^H 

exciMon  »nd  i<^-clii>n  of,  390 

Soqutittuin.  S)phililic.  69a                                                    ^^H 

fracture  of,  543 

livatmeni.  Oq,)                                                                   ^^H 

dLignuab.  ^3 

Scfou&  mcml>ranc».  lubcrcuJous  ot  154                          ^^H 

itc.^lmrni,  544 

^ipciiti,  bilci  of,  aio                                                             ^^^1 

Scar-likkue,  iitjunri  a»d  ili»Ki»«.t  of,  127 

!ivni|i(ain>,                                                                          ^^H 

Scbedf's  rrsipciion  of  ril>&,  390 

ircatmciit.  an                                                                   ^^H 

SchimmrllliiiNch  Menlitrr.  374 

vanclM'3  "f.  ato                                                                     ^^^1 

Schlcicli\  anmhpllc  nililur»,  431 

Sciufn-ihcrjprutici,  40                                                           ^^^| 

infiliniii>n  :nirsihrsia.  455 

ScTutn-thrrnpi  m  »nakR-t>ilr.  sii                                         ^^H 

in  min-oT  nurgi-ry.  4,11 

of  if^piiL-rmu  liml  pyrmLi,  168                                         ^^H 

Schwnriz's  cp«nition  for  flai-Ioot,  36a 

of  ttUstis.  187                                                                      ^^H 

Scmiic  nrlery,  lif[AtUK  nf.  33a 

!nr>«ilc  rxo«naf«,  A99                                                                      ^^H 

nuTvc,  ncurnlcia  ot,  891 

Si-utln'«  Mndafe,  410                                                       ^^H 

rr1«iion  (if,  lo  hip-ditlocadoo,  661 

S)i'>cl(,                                                                                 ^^1 

Scalla4.ls,  857 

btood-rxamirLilion  in,  Bi                                                    ^^H 

palholoiiy,  857 

(jrlayrd.  iiQ                                                                           ^^^| 
draRnostt  uf,  xao                                                                   ^^^| 

»7tiipT»itis.  859 

tiPBtmcnt.  859 

vrvtbi&tio,  123                                                                        ^^H 

exeri:i>«.  S60 

in  fnicturv»,  509                                                                   ^^H 

rest,  S6a 

Mlinc  infukloHi  in,  isj                                                        ^^^| 

*upporis,  B6i 
Scrfifuiiidi^rmn.  35a 

stage  of  reaction  of.  tao                                                     ^^H 

Symplons  of,  1 19                                                           ^^H 

Scrofulous  guinTn,iti,  950 

tnatrtK^rvt  nt.  lao                                                           ^^H 

nodf^.  3t,a 

Shonrnmi:  -if  liitili  In  fnicliirei.  509                                ^^H 

orctiiris,  263 

Shoulder,  itmpitr.itktii  nt.  346                                                ^^H 

Scroiiim.  lymph-.  9^ 

4riliritKof.  74S                                                                     ^^H 

Scurvy  ricii<?t*,  697 

dhlocaitoo  of.  619.     Sc«  Mmmtnu,  JhUt»'              ^^| 

irMMnenl  n1,  (^97 

tiiMi  f/.                                                       ^^H 

Setwc««iii  ndcnomBia.  496 

fr^uency.  630                                                                   ^^^^ 

carcinoma.  496 

excision  of!  364.     S€C  &xti$iaM  tf  *k*iUd*r-               ^^H 

cysts.  495 

^^H 

giandi.  ■d«nomat>  and  corctDonala  of,  495 

rhenniatbni  of.  745                                                        ^^H 

hon».  491 

tpica  bandat^  of,  416                                                    ^^H 

Second  IntvnUon,  hotling  by,  91 

ipniin  of,  744                                                                         ^^H 
SiHcate  of  ioda  bandage.  4(0                                          ^^H 

Secondary  bcmorHi'iijc,  898 

mcningiti*.  8ia 

in  fncnirm.  514                                                      ^^H 

Kpticcmla.  156 
Srclton  of  ni^rve,  866 

^Ik  nitiiTVS,  nlrrilimlion  i>r.  383                                           ^^^| 

Silkworm -fui.  tii-riliuttun  of.  083                                   ^^| 

Scd.iiirr  jmuliMw,  434 

Silvif  wire,  umllMiion  of,  333                                        ^^H 

S^bllol  1  iimpuMtion  of  !«£,  jjj 

Simple  lecture.  507                                                          ^^H 

of  mciatan;il  bone.  353 

479                                                                      ^^H 

of  I  high,  jfio 

Iraunt.iliv  fever.  I4t                                                             ^^H 

m^thor]  nf  rtiinoplitsty,  401 

([uriftivne,  333                                                             ^^H 

Selva's  ihumb-banddKc.  4)3 

SinuK.  70                                                                            ^^H 

Semilnnar  bone,  ditloculiun  of.  641 

trealment  of,  79                                                                    ^^H 

canih([e«.  dUlocaiion  of,  733 

Sinu^-protraaion,  790                                                              ^^H 

Sa^minnl  vmk.!^*,  lubeiuulostt  of,  063 

Siniu-lhriimbocis.  8ia                                                              ^^^| 

Scnllr-  K^iiKrvnc.  aaa 

Siilli  nrrve.  lesiom  of.  S86                                                    ^^H 

Senri'i  blootllFst  nmpulnliun  at  hip-}olnt,  363 

Skin,  absoena  of.  67                                                        ^^H 

boflv-cylindcnand  fcrruln,  515 

connuioai  vt,  115                                                          ^^H 

Senioiimolor  area.  793 

loss  of  substance  of.  117                                               ^^H 
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SIdn,  rqMur  of,  isS 

trmonuitic  inBammatJon  o^  ta6 
taberculoib  of,  947 

treatment,  251 
wonndi  of,  195 
Skull,  carcinoma  of,  79a 
contusions  of,  790 
exostoses  of,  791 
firactures  of,  79B 

base  of.  Boo 

healing,  803 

incomplete,  798 

pK^osis,  Soa 

puncture,  Soa 

treatment,  803 

vault  of,  799 

Simma  of,  791 
Oammatoiy  oonditloos  c<  99D 
injuries  of,  790 
in  utero,  791 
non-iofUmmatorjF  co&dltiom  of,  990 
osteoma  of,  791 
osteomyelitk  oS,  790 
periostitis  of,  790 
sarcoma  of,  79a 
Slings,  408 
SlouKhing,  313,  S14 
Smell,  area  o^  795 
Smith's  disarticulation  at  knee,  357 
Snake-biles,  aio 
symptoms,  aii 
treatment,  an 
Snap-filler,  779 
Soap  plaster,  431 

Sodium  chlofid  at  a  dlstwfcctanf,  st/ 
Soft  chancre,  bacteriology  of.  33 
Sound  area,  795 
Spasm,  laryngeal.  S8S 

muscular,  surgical  treatment  of,  B8I 
Spasmodic      wry-nectc,      sui^cal      treatment, 

881 
Speech-area,  auditory,  794 

visual,  794 
Sp«nce's  amputation  at  shoulder-joint,  347 
Sphacelation,  313 
Spica  bandage,  406 
of  foot,  413 
of  groin.  416 
of  shoulder,  416 
of  thumb,  413 
Spice  bag.  435 
Spina  bifida.  835 

clinical  history,  837 
diagnosis.  838 
occulta.  837 
trealmcnt.  838 
excision,  838 
injection  with  iodin,  838 
operation.  838 
varieties,  835 
Spinal  accessory  nerve,  injury  of,  888 
operations  on,  883 
arthropathy.  730 
canal,  tumors  in.  856 
column,  tumors  of,  65a 
diagnosis.  855 
symptoms.  855 
treatment.  856 
cord,  cocainiration  of.  456 

pressure  on.  in  Pott's  disease,  848 
tumors  of.  856 
symptoms,  856 
treatment,  856 


S|)fiial  mealiig«al  IwmorrlMige,  830.    See  abo 

mmaUnuJdt, 
Spindle~celled  sarcoma,  483 

of  bone.  701 
^ne,  acute  osteomyeUtis  o^  840 
angular  curratore  of,  in  riiUj'illiuaaii,  843 
caries  of,  B40 
angular  curvatnte  in,  843 
course,  849 
definition,  640 
diagnosis,  84B 
etioiogy,  840 
patbcuogy,  841 
pressure  on  nerve-roots  tn,  8<r 

on  signal  cord  1b,  848 
prognosis,  848 
suppuration  la,  844 
symptoms,  844 
abscess,  846 
hyperesthesia,  845 
pain.  844 

rigidity  uf  spine,  S45 
treatment,  849 
by  rest,  849 
t^  sup^rts,  849 
operative.  851 
concnsiian  at,  83B 
symptoms,  833 
treatment,  834 
dislocation  of.  823 
prognosis,  804 
treatment,  804 
fiaclnre  of,  805 
iMin-<^>eratiTe  t/catmeBt,  1^ 
operative  treatment,  8)i8 
prognosis,  8a8 
symptoms,  8a6 
fractore-dislocatioa  ttf,  8*5 
lateral  cnrratsre  of.  857.    See  also  &»JSM£r. 
Pott's  disease  of,  840.     See  4*m«,  cants  tf. 
railway-,  833 
sprain  of,  833 
symptoms,  833 
treatment.  833 
surgery  of.  833 
tumors  of,  855 
Spinous  process,  fracture  of,  824 
Spiral  bandage.  406 

of  all  the  fingets,  411 
of  foot,  covering  heel,  413 
of  palm  or  dorsum  of  hand,  411 
reversed  bandage.  406 

of  lower  extremity,  413 
of  upper  exiremiiy,  410 
Spirilla.  17  ^ 

development  of.  18 
Spleen,  abscess  of.  934 

chronic  enlargement  of,  924 
displacements  of,  934 

treatment  of,  934 
inflammatory  diseases  of,  904 
surgery  of.  933 
iraum,ilic  lesions  of,  923 
tumors  of.  936 
Spleens,  accessory,  937 
Splenectomy.  936 
Splenic  anemia.  935 

fever.  194.     See  A*ikra3C. 
leukemia.  935 
Splint.  430 

for  fractures,  513 
moulded.  514 
Taylor's  hip-.  73a 


^^^^^K^j^£x.                               961       ^H 

Splinl,  Thome's  tup-,  73Z 

Strcptococctu  eryupelatit,  31,  sfi,  173                           ^^| 

l«f«-.  7S9 

pyogrni^A,  31                                                                                ^H 

Sp]int-MM«».  77 

StivpiomyfoDtt.  immuniiy  to.  169                                     ^^H 

!^>ondylitii  delurinnns,  853 

Sirrptoihrit  m^iliir.*.  aoB                                               ^^H 

IKilliulugy,  853 

KtrctcMnK  of  n«rvt»,  80^                                                    ^^H 

iMnpiom*.  954 

Stniffloiu  arlhrttit.  713                                                        ^^^| 

triMtmirnl,  85+ 

daclyliiu,  687                                                                     ^^H 

Spongn.  394 

Slump.  336                                                                             ^^H 

Siaoniancutu  frnvluie,  507 

ImuI.  3i6                                                                             ^^H 

infectiun,  151 

rrcurrcitt  Uindogc  of,  430                                           -^^^^M 

Sporr-siaining.  aS 

337                                                               ^^^^H 

Spairpv  [8 

Subacmmuil  dalocaiiun  of  humcnis.  619                 ^^^^H 

8pratns  of  Joints,  598 

Sub,t!ttnk|;ulowl  di&lociitiim   fit  fuot.  b^a.    Sea           ^^^H 

rrsullx  nf,  $99 

rilu)  /•'oifl.  ditloi-UtoH  e/.                                       ^^^| 

ir«Kini<^nt.  599 

SviliclavMn  aneurysm.  931                                                  ^^^| 

of  iini*clies.  7^ 

nrh-Ty.  tit.'Mion  of.  31S                                                ^^H 

of  thouldcr.  744 

Subclavicular  dHlocatiun  of  humcruK.  619                     ^^H 

of  Apln.il  columi).  833 

Subcnmroicl  dUIoialion  of  huntrnu.  619                        ^^H 

of  Irnttoni,  764 

Subcuuncous  connrciivc  lissur.  rrpatr  of.  196               ^^^| 

SprcAdinu  iraumKlic  £«n|T*lw,  934 

iruiimntic  inflainmalicm  of,  iiA                              ^^^^ 

i><|Ui>in<>i IV- called  c^incri,  494 

injurifi.  (rrAtm«ni  of,  104                                               ^^H 

^q^lB^f  knot.  338 

lliximaia.  473                                                                     ^^H 

S<Hiniii|[  of  b;ict«ria,  a6 

Siihde1[i>i>l  bunu,  inflammaiion  of,  78a                           ^^H 

SiaphvlDCOccuB,  17 

Siibfa^n)  ubvcr*>.  71                                                                  ^^H 

action  of,  6t 

Sub^1«»oid  di«lt>c;ttH>n  of  hunwrua,  619                         ^^^| 

cefcusitlbus,  31 

Subg1ui«al  ttunui.  inflammnlion  of,  783                         ^^H 
SubfuMiiion  uf  head  of  r«diu»,  639                               ^^H 

diivui.  31 

cpklennLdiialbus.  31 

Submilbry  tubmlc.  341                                                      ^^H 

pyogcnrs  n]>>us,  lioclcnolog]'  of,  30 

Submiicotu  lip'^maU.  474                                                    ^^^| 

durruK,  lincieTKiloKV  of,  30 

Subp«rk»ie»l    vxcliioa    of   tupcnoe   maxilla,            ^^H 

in  suppuraMOTi,  61 

385                                           ^H 

ciircuf,  31 

Siibftrnmi  liiHimaia,  474                                                      ^^^| 

SUphylomycosls.  immunity  to.  i6g 

Subspinous  dislocaiinn  of  humerus.  619                          ^^^| 

Sivcn  bandage,  410 

!ti«nnii,  laml  applicittion  of,  4*1. 

Siib%yn>ivial  lipomatn.  474                                                   ^^^| 

Sulphuric  ri}i(^r,  444.     S»  alio  Etker.                            ^^^^ 

stcrilifalioa  by,  37a 

.SiiprrHiiixis  inltus,  133                                                        ^^H 

«eritucrs,  473 

MiCHTinT  iTinxiHary  tionc,  fhicTure  of,  597                      ^^H 

Sl«]lat«  fraciurr,  50s 

Irealnienl.  538                                                        ^^H 

Steriliuttoii  by  cbonickto,  375 

Suppuntlon.  63                                                              ^^H 

by  ktcam.  272 

bacii^ri.-i  of.  58                                                             ^^H 

heat  in.  273 

leukucyiiMli  ui,  Bi                                                             ^^^^ 

in  bacicTlotoKiol  lecfaolc,  M 

of  demarcation.  it3                                                         ^^^| 

mcihoils  of,  a?! 

joint,  600                                                                       ^^H 

of  calj^t.  38s 

tymptums,  A5                                                                     ^^H 

of  <Jr«&iDK«.  aSp 

Suppumiivc  sncTills.  903                                                    ^^H 

of  hand^  nf  iipi-Nitor,  sSt 

inAaniraaliim  of  iKtnr.  675,     See  abo  OtU*'             ^^^| 

of  hcinchjir.  283 

mjMtttit,                                                              ^^^1 

of  inMrumcnis.  387 

prricnnlitit.  oprraiivc  irtatmrni  of.  895                       ^^H 

of  )iga.lurcx  anri  mtum.  s9o 

phttbliK  905                                                               ^^H 

of  silk  »u1iirc4.  383 

irrattncni,  171                                                          ^^H 

of  Mlkworm-Kui ,  3B3 

tenotynovitfi,  773                                                              ^^^| 

of  Mhcr  wifr,  a83 

Supmclavicular  refton,  anaionty  of.  31ft                       ^^H 

of  iptingn.  384 

Suprticortdylold  fracture  of  humvfuc.  551                     ^^H 

of  wRii'r,  379 

Supra-orblial  neriF.  ^vuUion  of,  874                             ^^| 

St«riliKr.  Kny-Spni){ae,  374 

Supriircnat  captule.  lumon  of.  487                               ^^H 

Schimmeltiuscb.  374 

Surgeon's  kifol.  338                                                              ^^H 

Strrilitcn.  ktcmin.  373 

Surgery,  minor,  404                                                       ^^H 

Sicmomnsluid,  rupture  of.  76I 

operative.  313                                                              ^^H 

Siemuni.  fnu^urc  of.  333 

anil  oped  Jc,  734                                                                  ^^H 

symptoma.  534 

plaitic.  395                                                                         ^^H 

irrAlmeal.  334 

Surgical  anesihnla.  439                                                      ^^H 

fr»eciJon  of,  389 

bacteriology.  17                                                          ^^H 

.'^liffncss  of  Jomu  nfler  fracture.  $n 

emDhyiema  after  fracinre,  jm                                   ^^H 
patDolofv  of  itie  tilood.  80                                             ^^H 

Stomach,  tavncr  of.  43A 

strri Illation  of,  a^ 

Salvre,  nrrW-,  S67                                                         ^^H 

Sinmoch-lubc,  mae  of,  436 

of  axillary  ancry.  899                                                      ^^H 

Sirahlfnpilr,  aoi 

of  opctalion  wourxb,  ^96                                               ^^H 

•kninlchdt,  joi 

of  tendon*.  769                                                           ^^| 

Strains  nf  muMln.  764 

Suture-jar,  381                                                                       ^^H 

Sirapptnc  uf  brpiul.  421 
Of  ttitklv.  431 

Sulure-nuilcria].  314                                                       ^^H 

Suture -necdlei.  314                                                              ^^^| 

Streptococcus.  17 

Sultun.  38o                                                                           ^^H 

acltoB  of,  60 
91 

rcbuHUion.  loo                                                            ^^H 
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Suturing  of  fractures,  515 

of  wounds,  99 
Swelling  as  a  symplom  of  inflammation,  51 
Sylvius,  fissure  of,  location  of,  796 
Symes's  amputation,  351 
Syncope,  116 

local,  aaS 
Synovial  bursse,  7B0 
Synovitis,  703 

diagnosis,  703 

of  ankle,  743 

of  knee, 737 
treatment,  738 

pathology,  703 

treatment,  703 
Syphilis,  bacicTiology  of,  34 

of  bone,  691.    See  also  Bont,  typkilu  of. 
hereditary,  693 
Syphilitic  arteritis.  903 

caries  of  bone,  693 

disease  of  muscle,  770 

sequestrum,  692 
treatment,  693 
Syringomyelocele,  836 

clinical  history,  837 

Tagliacozzian  method  of  rhinoplasty,  403 
Tailors'  bursa,  783 
Tail's  bandage,  410 

Talipes  equinovams,  759.     See  also  Club-foot. 
osteotomy  for,  381 
equinus,  osteotomy  for,  381 
valgub,  756 
diagnosis,  757 
etiology,  757 
symptoms,  757 
treatnii-iit,  757 
Tarsometatarsal  disarticulation,  349 
Taste,  area  of,  795 
Taylor's  hip-splint.  73a 
T-bandage,  double,  407 

single,  407 
Telangiectasis.  479 
Temporal  artery,  ligature  of,  337 
Tf  ruierness  in  fractures,  509 
Tendo  Achillis,  rupliire  o(,  768 
Tendon,  liealing  of.  128 
IcnRihfiiing  of,  773 
of  bict-ps,  rupture  of,  765 
fif  quadriceps  extensor,  rupture  of,  767 
Tendon-grafting,  769 

Ten  lion- sheaths,  inflammation    of,  773,      See 
also    Tfiiosytin-ith. 
tiiberciilusis  of,  359 
Tendons,  dislocation  of,  768 
rui>iure  of,  7*^4 
sprains  and  strains  of,  764 
suture  nf,  769 
transplaalatiun  of.  77I 
tuhercuiosis  of,  259 
wounds  of,  769 
diagnosis.  769 
treatment,  769 
Tennis  elbow,  764 
Tcnosviiovitis.  773 
aeute  sini|)Ie,  773 
after  fracture.  533 
chronic,  775 
signs.  77:; 
trcatnu'ni.  771^ 
su]i|>\iraii\t-,  773 
TenoioTiiy  for  contracture  of  muscles,  773 
Teratoma  of  head,  7B8 


Terztomata,  501 

sacrococcygeal,  839 
Testicle,  strapping  of,  431 

tuberculosis  of,  363 
Testis,  tuberculosis  of,  963 
Tetanus,  183 
acute,  183 
antitoxin,  187 
bacillus  of.  37,  163 
bacteriology  of.  37 
carbolic-acid  treatment,  188 
chronic,  185 
diagnosis,  185 
etiology,  183 
head-.  185 
hydrophobicus.  185 
idiopathic.  183 
pathological  anatomy,  1S5 
prognosis,  186 
serum -therapy.  187 
treatment.  186 
varieties,  183 
Thecal  whitlovf,  773 
Thigh,  amputation  of,  358 
Third  nerve,  lesions  of.  886 
Thomas's  hip-splint,  731 

in  fracture  of  neck  of  femur,  577 
in  fracture  of  shaft  of  femur.  s8a.  583 
knee-splint,  739 
Thoracentesis    in    tuberculous    pleurisy    anjl 

empyema,  355 
Thoracic  duct,  wounds  of,  937 
Thoracotomy,  drainage  by,  357 
Thrombophlebitis  from  septicemia,  153 
Thrombosis,  907 
sinus-,  8i3 
symptoms.  909 
treatment,. 908 
Thrombus,  901 
Thumb,  dislocation  of,  643 
causation,  643 
diagnosis.  644 
metacarpal  bone  of,  64a 
pathology,  643 
prognosis,  644 
symptoms,  644 
trcatini-nl,  645 
spica  bandage  of,  412 
Thumh-liandage,  Selva's.  413 
Tliyroid  artery,  inferior,  ligature  of,  330 
superior,  ligature  of,  319 
dislocation  of  Iiip,  663,  663,     See  also  Hip, 
dhtixalion  of. 
Tibia,  dislocation  of.  646 

causation  and  classification,  646 
frequency.  646 
pathology.  647 
prognosis,  648 
symptoms.  647 
treatm-'nt,  648 
fracture  of,  390 
osteotomy  of.  379 
resection  of.  393 
Til)ial  arti;ry,  anterior,  ligature  of,  339 
posterior,  ligature  of,  333 
nt-rve.  posterior,  lesion  of,  89a 
Tihiolarsal  amputation.  351 
Toe,  hammer-,  777 
Toes,  amputation  of,  348 
Tooth  tumors,  476 
Torpid  ulcer,  77 

Torsion,  control  of  hemorrh^e  by,  338 
Tourniquet,  337 
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Toxins.  31 

Tracheotomy  in  com  plications  of  etheriiatlon, 

450 
Transplaniation  of  tendons,  771 
Traumatic  aneurysm.  900.  914 
arteritis,  903 
delirium.  533 
erysipelas,  126 
fracture.  507 
gangrene,  simple,  333 
treatment  of.  333 
spreading.  334 
symptoms,  334 
treatment,  335 
hematomyelia.  831 
inflammalion  of  the  skin,  136 

of  the  subcutaneous  connective  tissue,  136 
lesions  of  spleen,  933 
meningitis.  811 
Trephining,  830 
for  epilepsy,  8ai 
for  imbecility,  830 
Triangular  defect,  plastic  repair  of,  396 
Burow's  operation,  397 
Dieffenbach's  method,  397 
Jaesche's  operation,  397 
sling,  408 
Triceps,  rupture  of,  768 

Trifacial  nerve,  excision  of  second  division,  875 
excision  of  third  division,  S75 
neuralgia,  neurectomy  in,  873 
Trigger-finger,  779 
Tripper  rheumatismus,  712 
True  aneurysm,  914 
Tubercle,  anatomical,  108,  350 
epithelioid  cells  of,  344 
giant  cells  of.  343 
histology  of,  341 
leukocytes  of,  345 
lymphoid  corpuscles  of,  345 
miliary.  941 
of  brain,  815 
submiliary.  341 
Tubercular  adenitis.  934 
treatment,  934 
disease  of  muscle.  770 
epididymitis,  363 
orchitis,  363 
osteitic  arthritis,  713 
sarcocele,  363 
Tuberculosis,  340 
age  in.  341 
bacteriology  of,  34 

channels  of  entrance  into  the  system,  345 
dffinilion  of.  340 
frequency  of  340 
general  treatment  of,  346 
incidence  of.  340 
mammx.  353 
of  ankle.  744 
of  bladder.  264 
ditfcTcntial  diagnosis,  265 
symptoms.  365 
treatment,  366 
of  bone,  acute,  686 
of  bursar.  359 

treatment,  260 
of  epididymis.  363 
of  fascix.  361 

of  genito-urinary  organs,  361 
of  hip-joint.  724.     See  Hip-joint  distast. 
of  kidney,  366 
symptoms,  366 


Tuberculosis  of  kidney,  trealmenl,  367 
of  muscles,  a6i 
of  penis,  a6i 
of  peritoneum,  358 

diagnosis.  358 

treatment,  359 
of  prostate.  263 

diagnosis,  362 

treatment,  363 
of  serous  membranes,  354 
of  skin,  247 

and  mucous  membrane,  347 

treatment,  351 
of  tendons,  959 

treatment,  260 
of  ten  don -sheaths,  359 
of  testis,  363 

diagnosis,  364 

prognosis,  364 

treatment,  364 
of  vas  deferens,  363 
of  vesiculae  seminales,  363 
of  wrist,  748 
papillomatosa  cutis,  350 
pathology  of  the  blood  in,  83 
urethrx,  361 
vera  cutis,  350 
verrucosa  cutis,  350 
Tuberculous  disease  of  bone,  686.     See  Boma, 
tubtrculous  diiease  of. 
empyema,  355 

treatment,  255 
lymphadenitis,  251 

diagnosis,  253 

pathological  anatomy,  35a 

symptoms,  253 

treatment,  353 
meningitis,  354 
nodes,  250 
osteomyelitb,  687 
periostitis,  687 
peri-urethriiis,  261 
pleurisy,  255 

treatment,  255 
pus,  66 
pyelitis,  366 
Tubular  aneurysm,  914 
lymphangitis,  938 

symptoms.  939 

treatment,  929 
Tubulocysts,  50a 
Tuhulodermoids,  499 
Tumor.  51 
Tumors.  466 
adrenal,  487 
bony,  475 
cartilaginous,  475 
cerebellar,  symptoms,  817 
congenital  sacrococcygeal,  839 
connective-tissue.  471 
dilTerence  between   benign   and    malignant, 

478 
epilheti:il,  489 
fetty.  473 

influence  of  environment  on,  466 
innocent,  t:har:tcters  of,  466 

coexistence  of  two   genera   in    the   same 
person.  470 
intracranial.  813 
lymph-gland,  infection  of.  471 
malignant,  characters  of,  466 

dissemination  of,  471 
nerve-,  883 
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Tumors  of  bone,  699 
of  brain,  813 
of  knee.  740 
of  muscle,  773 
of  scalp.  786 

malignant,  789 
tii  spinal  canal,  856 
of  spinal  column,  855 
diagnosis,  855 
symptoms,  855 
irealment,  856 
of  spinal  cord,  856 
symptoms,  856 
treatment,  856 
of  spleen,  936 

primary,  of  lymph-glands,  935 
tooth,  476 
Tunica  advenlitia,  897 
intima.  896 
media,  897 
Turpentine  in  aseptic  surgery,  378 

stupe,  435 
Typhoid  fever,  periostitis  and  ostitis  after,  675 
treatment  of,  675 

Ulcer,  74 
callous,  77 
ereihistic,  77 
fungous,  77 
hemorrhagic,  77 
inflamed.  77 
of  scalp,  786 
phagedenic,  78 
rodent,  496 
torpid,  77 
treatment  of,  78 
varicose,  76 
Ulna,  dislocation  of,  635 
lower  extremity,  636 
upper  extremity,  636 
excision  and  resection  of.  39J 
fracture  of  shaft  of,  563 
Ulnar  iirlcry,  ligature  of,  324 
nerve  at  elbow,  injury  of.  890 
al  wrisl,  injury  of,  890 
in  hand,  injuries  of,  890 
injury  of,  890 
Unibiljcii>.  giingrcnc  of.  235 
Union  of  fracture,  delayed,  523 
faulty.  523 
fibrous,  534 
ligiimeninus.  524 
iicious,  523 
Ununitcil  fr.icture,  resection  of  bones  for,  383 

wiriiip  of,  385 
Upper  extremity,  spiral  reversed  bandage  of, 

410 
Uretbrn,  male,  tuberculosis  of,  261 

sierijizali'in  of.  394 
Urethral  rheumatism.  71a 

synovitis,  712 
Urine-scrnm-agar.  33 
Uterine  fibroid,  481 
Uterus,  nivonial.i  of,  481 

VAr.iVA.  sierilii.nlion  of,  295 
Variites.  909 
Varicose  iileet.  76 

trealment,  78 
veins,  goq 

treatment,  910 
Varix,  arterial,  91 1 
Vas  deferens,  tuberculosis  of,  263 


Vascular  tumors  of  scalp,  789 
Veins,  anatomy  of,  905 

repair  of.  901 

rupture  of,  900 

varicose,  909 

wounds  of,  899 
Velpeau's  bandage,  416 
Venesection,  434 

in  inflammation,  53 
Venous  hematoma,  900 

hemorrhage,  897 
Vermalcs  amputation  of  thigh,  359 
Vemeuirs  method  of  rhinoplasty.  401 
Verruca  necrogenica.  350.     See  also  Atuxtomi- 

cal  lubercU. 
Vertebrae,  acute  osteomyelitis  of,  840 

erosion  of.  by  aneurysm.  854 
Vertebral  artery,  ligature  of,  321 
Vesiculse  seminales,  tuberculosis  of,  363 
Vesuvin,  a? 
Vibrion  septiquc.  38 
Vicious  union  of  fracture.  533 
Vienna  mixture,  444 
Villous  papillomata,  489 
Virchow's  doctrine  of  tissue -prototypes,  471 
Visual  area,  794 

speech -area,  794 
Voll^mann's  sliding  rest,  581 
Von  I,,angenbeck's  excision  of  hip-joint,  370 
of  shoulder-joint,  364,  365 
of  wrist,  370 

method  of  rhinoplasty,  400,  403 

resection  of  maxilla  for  polyps,  386 
Vulva,  noma  of,  335 

Wagner's  excision  of  second  division  of  tri- 
facial, 875 
Wandering  erysipelas,  175 
Wart  horns,  491 
Warts,  489 

Washing  of  stomach,  436 
Water,  stcriliiation  of.  379 
Weaver's  bottom.  783 

Weber's  operation  for  repair  of  elliptical  de- 
fects, 398 
Wccping-sinew,  775 
Wen,  786 
Wens.  786 

fungatinp,  496 
Wet  cold,  local  application  of,  436 

cupping.  434 
White  swelling,  713 

of  elbow,  746 
Whitlow,  thecal.  773 
symptoms.  774 
treatment.  775 
Whitman's  brace  for  flat-foot.  758 
Winnt;  nf  ununited  fractures.  383 
Wocilsorters'  disease,  197.     See  Anthrax. 

fever,  aseptic.  143 
Wound-suture,  aseptic,  396 
Wounds,  88 

accident,  disinfection  of,  295 

arrest  of  hemorrliage  from,  95 

classification  of.  88 

cleansing  of,  97 

clinical  course  of.  89 

coaptation  of  99 

conslilutional  reactions  to,  X40 

contused,  88 
treatment,  98 

disinfection  of.  97 
carbolic  acid  in,  97 
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Wounds,  drainage  of,  100 
dres:<in){  of.  103 
gunshoi.  of  h«ad,  805 
htr.iling  of,  &9 
faumorrhnge  fn>m,  89 
histological  considerations  of,  91 
lacerated,  88 
of  arteritfs.  899 

repair  of,  I3f) 
of  heart.  894 
of  joints,  600 
of  lymphatic  vessels,  937 
of  muscles,  768 

treatment,  768 
of  nerves.  863 
of  pericardium,  894 
of  skin,  repair  of.  135 
of  tendons.  769 

diagnosis,  769 

treatment,  769 
of  thoracic  duct,  937 
of  veins.  899 
pAin  of.  8y 
penetrating,  88 
perfoniting,  88 
poisoned.  105 

symptoms,  106 

treatment,  107 
postoperative  treatment,  399 
redressing  of,  103 
secondary  suturing  of,  99 
suturing  of.  99 
symptoms,  88 
treatment.  95 
Wrist.  :iniputaijon  of,  343 
<lisr;)ses  of.  748 


Wrist,  diKea.^c-'  of,  mechanical  treatment,  749 
dislocation  of.  640 
excision  of,  308 
fracture  of,  S7t 
causation,  640 
diagnosis,  641 
frequency,  640 
indtvidu.1l  bones  of,  641 
pathology,  640 
prognosis,  641 
symptoms,  640 
treatment,  641 
rheumatism  of.  acute,  748 

gonorrheal.  748 
tubercular  iuflammalion  of,  748 
Writers'  cramp,  772 
Wry -neck,     spasmodic,     sui^cal     treatment. 

881 
Wuth,  190 

Wyeth's  amputation  of  arm,  345 
at  shoulder-joint,  347 
of  thigh.  360 
bloodless  amputation  at  hip,  363 

A'-RAV  burns.  114 

A'-rays  in  diagnosis  of  dislocations,  608 

prevention  of,  1 16 

symptoms  of,  115 

treatment  of.  116 

Y-LIfiAMF.NT,  660 

ZlKHi.-NtF.l-SF.N  method  of  staining  tubercle 

bacilli,  35 
Ziehl's   method   of    staining    tubercle    bacilli, 

35 
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An  American  Text-Book  of  Applied  Therapeutics. 

Edited  by  James  C.  Wilson,  M.  L>.,  I'rofcasor  of  Prat  tite  of  Medi<:ine 
and  of  Cliniral  Mc<lirine,  JefTerson  Medical  Ciollege,  Philadelphia. 
HantiManio  inj[jerial  octavo  volume  of  1326  pages.  Illustrated.  Cloib> 
|;;.oo  net ;  Sheep  or  Half  Morocco,  jtS.oo  net. 

An  American  Text*Book  gf  the  Diseases  qf  Children. 

Second  Cditloa,  Revi>e<l. 

Edited  by  Lot'is  Starr.  M.  I).,  Consulting  Pcdiatrist  to  the  Maiemity 
Hospital,  cic. ;  assisted  by  Thompson-  S.  WEsTiorr,  M.  D.,  .Attending 
Phy<iitian  to  the  I>is|K;nsary  for  Diseases  of  Children,  Hospital  of  the 
Univeraiiy  of  Pennsylvania.  Hand.<iome  imperial  ocla>o  volume  of 
IJ44  pages,  profusely  illustrated.  Cloih,  S7.00  net;  Sheep  or  Half 
Morocco,  $8.00  net. 

An  American  Text-Book  qf  Diseases  qf  the  Eye,  Ear, 
Nose,  and  Throat. 

Edited  by  0.  E.  i>r  Schweinitz,  M.  D..  Professor  of  Ophthalmology, 
Jefferson  Mediial  College,  Philadelphia ;  and  B,  Alexander  Randali., 
M.  D.,  Ctiniijil  Professor  of  Diseases  of  the  Ear.  University  of  Penn- 
sylvania. Imperial  octavo  of  1J51  pa{;es  ;  766  illustrations,  59  of  ihcm 
io  colon.     Cloth,  57.00  net ;  Sheep  or  Half  Morocco,  ^S.oo  net. 
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An  American  Text-Book  ef  Genito-Urinary  Diseases. 
Syphilis.  qi&  Skin  Diseases. 

Edited  by  L.  Bolton  Bangs,  M.  D.,  Professor  of  Geni  to-Urinary  Sur- 
gery, University  and  Bellevue  Hospital  Medical  College,  New  York ; 
and  W.  A.  Hardaway,  M.  D.,  Professor  of  Diseases  of  the  Skin  and 
Syphilis,  Washington  University,  St.  I-ouis.  Imperial  octavo  volume  of 
1239  l>ages,  with  300  engravings  and  20  full-page  colored  plates.  Cloth, 
$7.00  net ;  Sheep  or  Half  Morocco,  $8.00  net. 

An  American  Text-Book  cf  Gynecolo&r,  Medical  criS 

Surreal.      Second  Bdhion.  Revbed. 

Edited  by  J.  M.  Baldy,  M.  D.,  Professor  of  Gynecology,  Philadelphia 
Polyclinic,  etc.  Handsome  imperial  octavo  volume  of  718  pages;  341 
illustrations  in  the  text,  and  38  colored  and  half-tone  plates.  Cloth, 
$6.00  net;  Sheep  or  Half  Morocco,  %i.oo  net. 

An  American  Text-Book  cf  Le^al  Medicine  wSb  Toxi- 
colo^. 

Edited  by  Frederick  Peterson,  M.  D.,  Chief  of  Clinic,  Nervous 
Department,  College  of  Physicians  and  Surgeons,  New  York ;  and 
Walter  S.  Haines,  M.  D.,  Professor  of  Chemistry,  Phamacy,  and 
Toxicology,  Rush  Medical  College,  Chicago.     In  Preparation. 

An  American  Text-Book  qf  Obstetrics,   second  EAioii. 

Thoroughly  Reviied  and  Enlarged.     Id  Two  Volumes. 

Edited  by  Richard  C.  Norris,  M.  D.  ;  Art  Editor,  Robert  L.  Dick- 
inson, M.  D.  Two  handsome  imperial  octavo  volumes  of  about  600 
Images  each ;  nearly  500  illustrations  and  a  large  number  of  colored 
plates.  Per  set:  Cloth,  $0.00  net ;  Sheep  or  Half  Morocco,  Jo.  00  net. 
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An  American  Text-Book  ^  Pathology. 

Edited  by  I.udvig  Hektoen,  M.  D.,  Professor  of  Pathology  in  Rusn 
Mediial  College,  Chicago;  and  David  Rit;sMAX,  M.  D.,  Demonstrator 
of  Pathologic  Histology  in  the  University  of  Pennsylvania.  Imperial 
octavo  of  1245  pages,  443  illustrations,  66  in  colors.  Cloth,  S7-.SO 
net;  Sheep  or  Half  Morocco,  $8.50  net.     By  Subscription. 

An  American  Text-Book  of  Physiology,    second  Edition. 

Revised ,  in  Two  Volumes. 

Edited  by  William  H.  Howell,  Ph.  D.,  M.  D..  Professor  of  Physi- 
ology, Johns  Hopkins  University,  Baltimore,  Md.  Two  royal  octavo 
volumes  of  about  600  pages  each.  Fully  illustrated.  Per  volume; 
Cloth,  S3. 00  net;    ShccjJ  or  Half  Morocco,   $3.75  net. 

An  American  Text-Book  (jf  Surgery.    Third  Edition. 

Edited  by  William  W.  Keen,  M.  D.,  I.L,  I).,  F.  R.  C.  S.  (Hon.);  and 
J.  AViLLiAM  Whuk,  M.  r>.,  Ph.  D.  Handsome  octavo,  1230  pages; 
4(;6  wood-cuts  and  37  colored  and  half-tone  plates.  Thoroughly  revised 
and  enlarged,  with  a  section  devoted  to  "The  Use  of  the  Rontgen 
Rays  in  Surgery."    C:ioth,  ;57-oo  net ;  Sheep  or  Half  Morocco,  $8.00  net. 
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An  American  Text-Book  gf  Theory  onS  Practice  of 
Medicine. 

Edited  by  ihe  laic  William  Pepper,  M.  D.,  LL.  D.,  Professor  of  the 

Theory  and  Practice  of  Medicine  and  of  Clinical  Medicine,  University 
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"  I  congratuUiv  vou  upon  |{i"fing  lo  ihe  ptofe»sioit  a  dktionaty  »o  coin[)dcl  in  il»  tli uciure, 
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The  American  Pocket  Medical  Dictionary.   ^^^^;^' 

Edited  by  W.  A.  Nkwman  Duhuand,  M.  D.,  Atsistnnt  Obstetrician  to 
the  Hospital  of  the  Univereiiy  of  Pennsylvania;  Fellow  of  the  Amer- 
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edges.     Price  fi.oo  net;  with  thumb  index,  ji. 25  net. 
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Abbott  on  Transmissible  Diseases.    SKoad  Edwoo.  ReviMd. 
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Dissemination,  and  Methods  of  Prevention.  By  A.  C.  Abbott,  M.  D., 
Professor  of  Hygiene  and  Bacteriology,  University  of  Pennsylvania, 
Octavo,  351  pages,  with  numerous  illustrations.     Cloth,  $2.50  net. 

Anders*  Practice  fif  Medicine.      rtfifa  ReviMd  EdWon. 

A  Text-Book  of  the  Practice  of  Medicine.  By  James  M.  Anders, 
M.  D.,  Ph.  D.,  LL.  D.,  Professor  of  the  Practice  of  Medicine  and  of 
Clinical  Medicine,  Medico-Chirurgical  College,  Philadelphia.  Hand- 
some octavo  volume  of  1297  pages,  fully  illustrated.  Cloth,  $5.50  net; 
Sheep  or  Half  Morocco,  $6.50  net. 

Bastin's  Botany. 

Laboratory  Exercises  in  Botany.  By  Edson  S.  Bastin,  M.  A.,  late 
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Fractures.  By  Carl  Beck,  M.  D.,  Professor  of  Surgery,  New  York 
Post-graduate  Medical  School  and  Hospital.  With  an  appendix  on  the 
Practical  Use  of  the  Rontgen  Rays.  335  pages,  170  illustrations. 
Cloth,  $3.50  net. 
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A  Manual  of  Surgical  Asepsis.  By  Carl  Beck,  M.  D.,  Professor  of 
Surger\',  New  York  Post-graduate  Medical  School  and  Hospital.  306 
pages;  65  text-illustrations  and  12  full-page  plates.     Cloth,  I1.25  net. 
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The  Principles  of  Hvgiene :  .\  Practical  Manual  for  Students,  Physi- 
cians, and  Health  Officers.  By  D.  H.  Bkrijev,  A.M.,  M.  D.,  First 
Assistant,  l.aboralory  of  Hygiene,  University  oi  Pennsylvania.  Hand- 
some octavo  \olume  of  495  pages,  illustrated.      Cloth,  $3.00  net. 
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Operations. 

Obstetric  Accidents,  Emergencies,  and  Operations.  By  L.  Ch.  Bois- 
LiMF.RK,  M.  D.,  late  Emeritus  Professor  of  Obstetrics,  St.  Ixjuis  Medical 
College.     3S1  pages,  handsomely  illustrated.     Cloth,  52.00  net. 
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-V  Text-Book  of  Human  Histology.  Including  Microscopic  Technic. 
By  Dr.  \.  A.  Bohm  and  Dr.  M.  von  Davidoff,  of  Munich,  and 
(i,  Cari.  Huber,  M.  D.,  lunior  Professor  of  Anatoniv  and  Director  of 
Histological  Laboratory,  University  of  Michigan.  Handsome  octavo 
of  503  pages,  with  351  beautiful  original  illustrations.    Cloth,  $3.50  net. 


Brower  and  Bannister's  Manual  of  Insanity. 

A  l*ractical  Manual  of  lasaniiy.  For  the  Stiiileiit  and  General  PracU- 
lion^r.  Gy  Daniel  R.  Brower,  A.  M.,  M.  !>.,  LLD.,  Professor  of 
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School,  Chicago;  and  IIknkv  M.  BANNibitR,  A.  M..  M.  D..  formerly 
Senior  Assistant  Physician,  Illinois  liaitern  llos|Mtal  for  Uie  Insane. 
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Butler's  Materia  Medica,  Therapeutics,  and  Pharma- 

COlO^.       Tourth  Etlition.  Revised  and  Cnl«r««d. 

A  Text-Boolv  of  Materia  Medica,  'Iherapeiitics,  and  I'hannacolc^. 
By  Ora>KGF.  F.  BtTXER,  Pii.G.,  M.  IX,  Professor  of  Materia  Medicaand 
of  Clinical  Medicine.  College  of  Physicians  and  Surgeons,  Chicago- 
Octavo,  896  ijages,  iilnsiniied.  Cloth,  1:4.00  net;  Sheep  or  Half  Mo- 
rotxo,  #5. 00  net. 

Chapin  on  Insanity. 

.\  Compendium  of  Insanity.  By  John  B.  CuAPrN,  M.  D.,  1,1..  D., 
Phy&ician- in -Chief,  Pennsylvania  Eiospiul  for  the  Insane:  Honorary 
Member  of  the  Mcfiito-Psychologital  Society  of  Great  Britain,  of  ihe 
Society  of  Mental  Medicine  of  Belgitun.  etc.  izino,  zj4  pages,  illus- 
Irait-d.     Cloth,  51. ?5  net. 

Chapman's   Medical    Jurisprudence  and  Toxicolo^. 

Second  Edition,  Revi»«d. 

Medii:ai  Jiirispnidcnte  and  ']'o.vitolo|^y.  Hy  HtNBV  C.  Chapman, 
M.  D.,  Professor  of  Ingiiiutes  of  Medicine  and  Medical  Jurisprudence, 
Jefferson  Medical  College  of  Philadelphia.  254  pages,  with  55  illus- 
Irationsand  3  l'iill-[Kigc  plates  in  <  oloni.      Cloth,  JI1.50  net. 

Church  anZ  Peterson's  Nervous  ati^  Mental  Diseases. 

Third  Edition.  Revised  and  diluted. 

Ner\ou3  and  Mental  Diseases.  By  Archi&aU)  C'Ht'RCH,  M.  D.,  Pro- 
fessor of  Nervous  and  Mental  Diseases,  and  Head  of  the  Keurologtcal 
Dciarimcnl,  Norlhwc«tern  University  Medical  School.  Chicago;  and 
yREDERicK  PETER50N,  M  !>.,  Chief  of  Clinic,  Nenous  Department, 
College  of  I'hy^cians  and  Surgeons,  New  York.  Haadsomc  octavo 
volume  of  S75  pages,  profusely  illustrated.  Cloth,  JS-oo  net ;  Sheep  or 
Half  Morocco,  ^6.00  net. 

Clarkson's  Histology. 

A  Text-Book  of  Histology,  Descriptix'c  and  Practical.  By  Arthl'r 
Ct.ARKSON,  M.  B.,  C.  M.  iudin.,  formerly  Demonstrator  of  Physiology 
in  the  Owen's  College,  Manchester;  late  Demon.siraior  of  Physiology 
in  Yorkshire  College,  Leeds.  Large  octavo,  554  pages;  12  engravings 
and  174  beautifully  colored  original  il  lust  rations.     Cloth,  $4.00  net. 

Corwin's  Physical  Diagnosis.    Third  Edition.  RmiMd. 

E-ssentiaL-i  of  Phj-sical  Ihagnosis  of  the  ITiorax.  By  Akthur  M. 
CoRWlN.  A.  M.,  M.  D.,  late  InMmrtor  in  Physical  Diagnosis  in  Rush 
Medical  College,  Chicago.     319  pages,  illustrated.     Cloth,  (1.25  net. 
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Crothers*  Morphinism  atid  Narcomania. 

Morphinism  and  Narcomania  from  Opium,  Cocain,  Ether,  Chloral, 
Chloroform,  and  other  Narcotic  Drugs;  also  the  Etiology,  Treatment, 
and  Medicolegal  Relations.  By  T.  D.  Crothers,  M.  D.,  Superin- 
tendent of  Walnut  Lodge  Hospital,  Hartford,  Conn.  ;  Professor  of 
Mental  and  Nervous  Diseases,  New  York  School  of  Clinical  Medicine, 
etc.     Handsome  i2nioof  351  pages.     Cloth,  J2.00  net. 

DaCosta's  Surgery.    ThM  Edition.  it«vbed. 

Modern  Surgery,  General  and  Operative.  By  John  Chalmers  Da 
Costa,  M.  D.,  Professor  of  Principles  of  Surgery  and  Clinical  Surger>', 
Jefferson  Medical  College,  Philadelphia ;  Surgeon  to  the  Philadelphia 
Hospital,  etc.  Handsome  octavo  volume  of  1117  pages,  profusely 
illustrated.     Cloth,  J5.00  net;   Sheep  or  Half  Morocco,  |6.oo  net. 

Enlarged  by  over  300  Pages,  with  more  than  100  New  IlltntntiOfU. 

Davis's  Obstetric  Nursing. 

Obstetric  and  Gynecologic  Nursing.  By  Edwaeu)  P.  Davis,  A.  M., 
M.  D.,  Professor  of  Obstetrics,  Jefferson  Medical  College  and  Phila- 
delphia Polyclinic;  Obstetrician  and  Gynecologist,  Philadelphia  Hos- 
pital.    i2mo,  400  pages,  illustrated.     Crushed  Buckram,  $1.75  net. 

DeSchweinitz  on  Diseases  qf  the  "Eye.     rourth  Edtdoa. 

Entirely  Reset :  Tlioroiigkly  Revised  and  Enlarged. 

Diseases  of  the  Eye.  .\  Handbook  of  Ophthalmic  Practice.  By  G. 
E.  UK  ScHWKiNiTZ,  M.  D.,  Professor  of  Ophthalmology,  Jefferson  Medi- 
cal College,  Philadelphia,  etc.  Handsonic  royal  octavo  volume  of  750 
paj,'es  ;  300  fine  illustrations  and  6  fuU-paf^c  cliroino-Iithographic  plates. 
Cloth,  >5.oo    net :  Sheep  or  Half  Morocco,  sf^-oo  net. 

Dorland's  Dictionaries. 

[Sec  American  Illustrated  Alciliiiil  Dictionary  and  American 
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Dorland'S    Obstetrics.       second  Edition,  Revised  and  Greatly  Enlarged. 

Modern   Obstetrics.     By  W.    A.    Xkwman'    Doki,and,    M.  D.,  Assistant 

r>cinonstrator  of  Obstetrics,  University  of  Pennsylvania;  Associate  in 
GvnecoloLiv,  Philadelphia  Polyclinic.  Ottavo  volume  of  797  pages, 
with  201    illustrations.      Cloth,  $4.00  net. 

Eichhorst*s  Practice  ef   Medicine. 

.■\  're\t-Hookof  the  Practice  of  .Medicine,  By  Dk.  Hfkmann  Eich- 
iii>i<s|-.  Professor  of  Special  Pathologi  and  'I'herapeutii-s  and  Director 
of  the  Medical  Clinic,  l'ni\ersitv  of  Ziirirh.  Translated  and  edited  by 
Aiiii-.^irs  .-\.  I-lsHNKK,  M.  D.,  I'rofessor  of  Clinical  Medicine,  Phila- 
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Charinj^  Cross  Hws[.ilHl  Mixlital  School;  Bactcriologisl  to  Charing 
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some octavo.  j5o  pages,  with   150  illustrations.     Cloth.  50.00  net. 

Friedrich  and  Curtis  on  the  Nose,  Throat*  an^  Car. 

Rhinology,  Larj-ngology,  and  Oiology,  and  Their  Significance  in  Gcti- 
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Cliniial  Metlicitic,  University  of  Pennsylvania.  larao  voUiuie  of  loo 
paije^.     Cloth,  $1.25  net. 

Garrigues'  Diseases  qf  Women.    Third  Edition.  Revbed. 

Disea.ses  of  Women.  By  Hknrv  J.  Carrioites,  A.  M.,  M.  D.,  Gyne- 
cologist to  St.  Mark's  Hospital  and  to  ihe  German  Di<!pensary,  New 
York  City.  Octavo,  756  |«ik'''^-  "''i^i  .^''7  engravings  and  colored  plates. 
Ctoih,  3(4  50  net;  Sheep  or  Half  Morocco,  ^5.50  net. 

Gorham's  Bacteriology. 

A  [al)oratory  Course  in  Bat  teriology.  By  F.  P.  Gorham,  M.  A., 
.■Vx^i^laIlt  Professor  in  BioIog>',  Brown  University,  umo  volume  of 
i')2  i'3|,'L's,  Q7  ilhi%l rations.      Cloth,  Si. 25   net. 

Gould  anZ  Pyle*s  Curiosities  of  Medicine. 

.Vnoiiialies  and  Curiosities  of  Medicine.  By  CitoRGE  M.  GotT.D,  M.  D., 
and  Walter  L.  1^'L£,  M.  D,  An  encyclopedic  collection  of  rare  and 
extraordinary  cases  and  of  the  most  striking  insunces  of  abnormality  in 
all  branches  of  Medicine  and  Siii^cry,  derived  from  an  exhaiisiive 
research  of  medical  literature  from  its  origin  to  the  present  day, 
abstracted,  classified,  annotated,  and  indexed.  Handsome  octavo 
volume  of  96S  pages;  195  engravings  and  12  full-i>age  plates.  Popular 
Edition.      Cloth,  53.00  net;  Sheep  or  Half  Morocco,  J4.00  net. 

Gradle  on  the  Nose,  Throat  on^  Ear. 

Diseases  of  the  Nose,  Throat,  and  Vjxi.  By  Ill-J*'RY  GradLE,  M.  !>., 
Professor  of  Ophthalmology  and  Otolotfy.  Nonhwcstem  l'niver>flt)f 
Medical  .School,  Chicago.  Octavo,  547  pages,  illustrated,  including 
3  full-page  colored  plates.     Cloth,  JI3.50  net. 
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Grafstrom's  Mechano-Therapy. 

A  Text-Book  of  Mechano-Therapy  (Massage  and  Medical  Gymnastics). 
By  Axel  V.  Grafstrom,  B.  Sc.,  M.  D.,  late  House  Physician,  City  Hos- 
pital, Biackwell's  Island,  N.  Y.    i2mo,  139  images,  illustrated.    Ji.oonet. 

Grant's  Surgical  Diseases  of  Face,  Mouth,  and  Jaws. 

Tor  Dental  Students. 

A  Text-Book  of  Surgical  Pathology  and  Surgical  Diseases  of  the  Face, 
Mouth,  and  Jaws.  For  Dental  Students.  By  H.  Horace  Grant, 
A.  M.,  M.  D.,  Professor  of  Surgical  Pathology  and  Oral  Surgery,  Louis- 
ville College  of  Dentistry ;  Professor  of  Surgery  and  Clinical  Suigery, 
Hospital  College  of  Medicine,  IjOuisville.  Octavo  volume  of  215 
pages,  with  60  illustrations.     Cloth,  $0.00  net. 

Griffith   on   iht   Baby.      second  EtKtlon.  Revised. 

The  Care  of  the  Baby.  By  J.  P.  Crozer  Griffith,  M.  D.,  Clinical 
Professor  of  Diseases  of  Children,  University  of  Pennsylvania;  Phy- 
sician to  the  Children's  Hospital,  Philadelphia,  etc.  i2mo,  404  pages; 
67  illustrations  and  5  plates.     Cloth,  $1.50  net. 

Griffith's  Wei{^i  Chart 

Infant's  Weight  Chart.  Designed  by  J.  P.  Crozer  GRirnxH,  M.  D., 
Clinical  Professor  of  Diseases  of  Children,  University  of  Pennsylvania. 
25  charts  in  each  pad.     Per  pad,  50  cts.  net. 

Haynes'  Anatomy. 

A  Manual  of  Anatomy.  By  Irving  S.  Haynes,  M.  D.,  Professor  of 
Practical  Anatomy  in  Cornell  University  Medical  College.  680  pages; 
42  diagrams  and  134  full-page  half-tone  illustrations  from  original  photo- 
graphs of  the  author's  dissections.     Cloth,  ^2.50  net. 

Heisler's    £mbryolO^.       second  edition.  Revised, 

A  Text-Book  of  F.mbryology.  By  John  C.  Hkisler,  M.  D.,  Professor 
of  .Anatomy,  Medico-Chirurgical  College,  Philadelphia.  Octavo  volun^e 
of  405  Images,  handsomely  illustrated.     Cloth,  ^^2.50  net. 

Hirst's    Obstetrics.       Third  Edition,  Revised  and  Enlftrtfed. 

A  Tcvt-Book.  of  Obstetrics.  By  Barton  Cookk  Hirst,  M.  D.,  Professor 
of  Obstetrics,  University  of  Pennsyhaiiia.  Handsome  octavo  volume 
of  S75  [>agcs  ;  704  illustrations,  36  of  them  in  colors.  Cloth,  J5.00  net ; 
Shcci)  or  Half  Morocco,  $6.00  net. 

Hyde  ar^  Montgomery  on  Syphilis  ax^  the  Venereal 

Diseases.       second  Edition.  Revised  and  Greatly  Enlarged. 

Syiihilis  and  the  Venereal  Disea.ses.  By  Jamks  Nevins  Hyde,  M.  D., 
Professor  of  Skin,  Genito-Urinary,  and  \cnercal  Diseases,  and  Fr.vnk 
H.  MoNTiiOMKKV,  M.  1).,  Associate  I'rofcssor  of  Skin,  Genito-Urhiary, 
and  \encreal  Diseases  in  Rush  Medical  College,  Chicago,  111.  Octavo, 
594  pages,  profusely  illustrated.      Cloth,  §4. 00  net. 
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'Pre  International  Text-Book  of  Surgery,     i"  TvoVoiomw. 

Second  Edition.  Thoroughly  Rcvbed  and  Cre»tly  Cnl&rted. 
By  American  and  British  AuihoR.  Edited  by  j-  Collins  Warren, 
M.  D.,  LL.  U.  F.  R.  C  S.  (Hon.)i  Professor  of  Siirgerj',  Hanard  Medi- 
cal School,  Boston  ;  and  A.  Pwhck  Gwuy,  M.  S.,  F.  R.  C.  S.,  Lecturer 
on  Prariicil  Surgery  and  Teacher  of  Operative  Sui^cry,  Middlesex 
Hospital  Medical  School.  Undon,  Eng.  Vol.  I.  Otneral  Surgen.— 
Handsome  octavo.  947  pages»  *i'h  458  beautiful  illustraiions  and  9 
lithographii;  [jiales.  Vol.  II.  S/>^n'a/  or  ftfgiontil  .Vi/nvri.  — Handsome 
ocUvo,  1072  iiajies,  471  text  illustrations,  and  8  hthographii  |j|at«i. 
Per  vohime:  Cloth,  J5.00  net;  Sheep  or  Half  Morocco,  *6.oo  net. 

"  It  u  ttic  moK  valuable  work  on  the  subkct  that  hat  nprwarrt)  in  «omc  y«an.  THc  clini- 
cbo  and  the  p^lhologut  have  Joined  hands  in  lu  produclton,  und  the  result  must  be  a  »Us< 
fiulicia  lo  the  cdilon  lu  it  ja  a  grAllDcilion  to  the  coniuientioui  reader." — AmhqIi  e/  S-rftiy. 

"  Tfm  Is.  a  work  wtiicli  comes  to  us  on  lU  own  inlrintic  meHl*.  0(  the  latlct  K  haa  very 
many.  The  arninKenieai  of  aultjects  h  excellent,  und  their  trvauneni  t>y  the  iltlTereot  auttaon 
b  eqiuilly  fto.  Wltat  ii  ecpecla]ly  to  be  recommended  is  the  iKiiDilaklng  e^Jl^.-lvur  v(  each 
tvriier  to  miLke  hb  subject  ctear  and  to  the  point.  To  thU  end  particularly  is  tlic  lechniquv 
ei  opcratkitu  lucidly  d«crib«d  m  Ml  neniaary  tiaiail.  And  withal  the  worii  is  up  lo  date  lo 
a  VXTV  rrmarkalite  ik^rve,  many  gf  the  lateal  openitloni  In  the  difTereni  regional  porti  of  the 
body'bdn^  giv^  In  full  deiaiU.  T]icre  Is  not  a  chapter  in  the  work  trom  wlddi  the  rvadci 
may  not  Icara  something  new," — Mtdiad  R/card,  Ne*"  York. 

Jackson's  Diseases  of  the  Eye. 

,\  ManiLal  of  I >isi.'ast'-s  of  the  Eye.  By  Ei>wa«ii  Jacksdn,  A.  M.,  M.  D., 
Enicriius  I'rofcssor  of  Diseases  of  the  Eye.  l'hilad(.Iphia  Polyclinic  and 
College  for  (iradualc»  in  Medicine.  1  aiiio  volume  of  535  pages,  with 
1 78  illustrations,  mostly  from  drawings  by  the  author.    Cloth,  $2.50  net. 

Jelliffe  and  Diekman*s  Chemistry. 

.\  lext-Hook  ol  Chemistn-.  By  Smith  Elv  Jf.i.i.iffk,  M.  D..  Ph.  D,, 
Professor  of  Phariiiacojocy,  College  of  Phnrmary,  New  A'ork ;  anrl 
(;fi>ri;e  C.  I)[kkman,  Ph.  C...  .\I.  D.,  Professor  of  Theoretical  and 
Applied  Pharmacy.  College  of  Phamiary,  New  York.  Octavo,  550 
|>age!i,  illasiraled.     Ready  Shorily. 

Keating's  Life  Insurance. 

Itovv  10  i:\;iiiiiiic  for  Life  Insurance.  By  John  M.  Kf-ktisg,  M.  D., 
Fellow  01"  the  College  of  Physicians  of  Philadelphia ;  Ex-President  of  the 
Association  of  Ijfe  Insurance  Medical  Directors.  Royal  octavo,  311 
{jages.     With  numerous  illustrations.    Cloth,  $3.00  net. 

Keen  on  tht  Surgery  flf  Typhoid  Fever, 

The  Surgical  t.!oinplnations  and  Setiueis  of  'r\phoid  Fever.  By  Wm. 
W.  KF.F.N,  M.  I).,  I.L  p..  F.  R.  C.  S.  (Hon.),  Professor  of  the  Principles 
of  Surgery  and  of  Clinical  Surgery,  Jefferson  Medical  College,  Phibi. 
delphia,  etc.    Octavo  volume  of  ,^86  pages,  illustrated.   Cloth,  f  3.00  net 

Keen's  Operation  Blank,    second  uition.  Revised  rorm. 

An  Operation  Blank,  with  Lists  of  InstnunenLi,  etc.,  Rti|uired  in  Vari- 
ous Operation>.  Prepared  by  W.  \V.  Kken,  M  D.,  LI..  !>..  F.  R.  C.  S. 
(Hon.),  Professor  of  the  Principles  of  Surgery  and  of  Clinical  Surgery, 
Jeffetson  Medical  College,  Philatlelphia.  I'ricc  i>ci  |ad,  blanks  for  fi^y 
Operations,  50  cts.  net. 

Kyle  on  /Ae  Nose  and  Throat,    second  cdhioa. 

Disea-ses  of  the  -Nose  and  Throat.     By  D.  Brai>en  K.vle,  M.  D.,  Clinical 
Proilssor  of  Laryngolog>-  and  Rhinology,  Jefferson  Medical  College, 
Philadelphia.     Octavo,  646  [tagcs ;  over  150  ilUistralions  and  6  litt«*- 
graphic  plates.     Cloth,  I4.00  net ;  Sheep  or  Half  Morocco,  J5.00  cv***-- 
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Laine's  Temperature  Chart 

By  D.  T.  Laime,  M.  D.  For  recording  Temperahire,  with  columns  for 
daily  amounts  of  Urinary  and  Fecal  Excretions,  Food,  etc.;  with  the 
Brand  Treatment  of  Typhoid  Fever  on  the  back  of  each  chart.  Pad  of 
25  charts,  50  cts.  net. 

Lrevy,  Klemperer,  on?  £shner*s  Clinical  Bacteriolo^. 

The  Elements  of  Clinical  Bacteriology.  By  Dr.  Ernst  Levy,  Pro- 
fessor in  the  University  of  Strasburg,  and  Felix  Klemperer,  Privat- 
docent  in  the  University  of  Strasburg.  Translated  and  edited  by 
Augustus  A.  Eshner,  M.  D.,  Professor  of  Clinical  Medicine,  Philadel- 
phia Polyclinic.    Octavo,  44°  pages,  fully  illustrated.    Cloth,  ^2.50  net. 

Lockwood-,  Practice  flf  Medicine.        R^SH'iKi.d. 

A  Manual  of  the  Practice  of  Medicine.  By  George  Roe  Lockwood, 
M.  D.,  Attending  Physician  to  Bellevue  Hospital,  New  York.  Octavo, 
847  pages,  illustrated,  including  22  colored  plates.     Cloth,  $4.00  net. 

Lon^s  Syllabus  ^  Gynecolo^. 

A  Syllabus  of  Gynecology,  arranged  in  Conformity  with  "An  American 
Text-Book  of  Gynecology."  By  J.  W.  Long,  M.  D.,  Professor  of  Dis- 
eases of  Women  and  Children,  Medical  College  of  Virginia,  etc.  Cloth, 
interleaved,  $1.00  net. 

Macdonald's  Surreal  Dia^osis  a^  Treatment 

Surgical  Diagnosis  and  Treatment.  By  J.  W.  MAcdonald,  M.  D. 
Edin.,  F.  R.  C.  S.  Edin.,  Professor  of  Practice  of  Surgery  and  Clinical 
Surgery,  Hamline  University.  Handsome  octavo,  800  pages,  fully  illus- 
trated.    Cloth,  15.00  net;  Sheep  or  Half  Morocco,  $6.00  net. 

Mallory  arSi  Wrist's  Pathological  Technique. 

Second  E^dhion,  Revued. 

Pathological  'I'echnitiue.  .\  Practical  Manual  for  Laboratory  Work  in 
Pathology,  Bacteriology,  and  Morbid  Anatoiny,  with  chapters  on  Post- 
Mortcm  Technique  and  the  Pcrformarne  of  Autopsies.  By  Frank  B. 
Mai-!-<)RV,  a.  M.,  M.  D.,  -Assistant  Professor  of  Pathology,  Harvard 
University  Medical  School.  Boston:  and  James  H.  Wrtght,  A.M., 
M.  D.,  Instructor  in  Pathology,  Harvard  University  Medical  School, 
Boston.      Octavo,  4,^2   pages,  fully  illustrated.      Cloth,  S3. 00  net. 

McClellan's  Anatomy  in  its  Relation  to  Art. 

Anatomy  iir  its  Relation  to  Art.  .An  ICxponilion  of  the  Bones  and 
Miisfles  of  the  Human  Body,  with  Reference  to  their  Influence  upon 
its  Actions  and  External  Form.  By  Gkorgf  McCt.kllan,  M.  D., 
Piotessor  of  Anatomy,  Pennsylvania  .-Vcadeniy  of  Fine  Arts.  Hand- 
some ijuarto  volume.  9  by  ii'-i  inches.  Illustrated  with  338  original 
drawings  and  photographs;  260  pages  of  text.  Dark  Blue  Vellum, 
Sio.oo  net;    Half   Russia,  512.00  net. 

McClellan's  Regional  Anatomy.    Fourth  Edition.  Revised. 

Regional  Anatomy  in  its  Relations  to  Medicine  and  Siirgcrv.  Bv 
Ghokck  MuCi.ki,i.a.s",  M.  D.,  Professor  of  .Anatomv,  Pennsylvania  Acad- 
emy ot'  I'ine  .\rts.  Two  liandsomc  tpiano  \olunics,  884  pages  of  text, 
and  97  tuli-iiage  chronio-lithograpiiic  plates,  reproducing  the  author's 
original  dissections.      Cloth,  su.oo  net;  Half  Russia,  $15.00  net. 
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McFarland's  Pathogenic  Bacteria. 


Third  Edition,  tncmued  fai 
lue  by  ov«f  100  P&gn. 

Text-Book  ii|Joa  the  Pa.thogcnic  Bacteria.  By  Jusei-h  McFaklanu, 
M.  U.,  Professor  of  Pathology  and  Kactcriology,  Mcdiro-Chinirgical 
Collci<e  of  Philadelphia,  etc.  Ocuvo  volume  of  6ai  pages,  finely 
illustratcil.     Cloth,  ^3.25  net. 

Meij^s  on  Feeding  in  Infancy. 

Feeding  in  l-^arly  IiiJancy.  Hy  Akihur  V.  MbiOS,  M.  D.  Bound  ifl 
limp  cloth,  flush  edges,  35  cis.  net. 

Moore's  Orthopedic  Surgery. 

A  Manual  of  onhoiiedic  i>iirger)-.     By  James  E.  Moore,  M.  D.,  Pro- 
fessor of  (JrihopciiirA  and  Adjunct  Prcifcssor  of  Chnical  Surger)',  Uni- 
vcreity  of  Minnesota,  College  of  Medicine  and  Surgery.   Octavo  volume' 
of  356  3>ages,  liancisoinely  iLluatraied.     Cloth^  $^-S°  "^^ 

Morten's  Nurses'  Dictionary. 

Nurses'  Dictionary  of  Medical  Terms  and  Nnmng  Treatment.  Con- 
taining Definitions  of  the  Princi[ial  Medical  and  Xumng  Temis  and 
Abbreviations;  of  the  Insiriinieiils,  Drugs,  diseases,  A<"<idcnts,  Trcal- 
mcnts.  Operations,  Foods,  Appliances,  etc.  encountered  in  the  ward  or 
in  the  sick-room.  By  HoNSok  Moktf.n,  author  of  "How  to  Become 
aNunic,"  etc.     i6mo,  140  pages.     Cloth,  jSi.oo  net. 

Nancrede's  Anatomy  ari^  Dissection.    Fourth  duuon. 

li&ientials  of  Anatomy  and  Manual  of  Pnii:tical  iJissection.  By  Charles 
B.  Nancrede,  M.  D.,  LL.  D.,  Professor  of  Surgcrj'  and  of  Clinical  Sur- 
ger)', University  of  Mirliigan,  .Ann  .\rl»or.  PoRl-Ottavo,  500  pages,  with 
full-i>age  lilhogni]>hic  plates  in  colore  and  nearly  300  illustrations.  Lxtrs 
Cloth  (or  Oilcloth  for  dissection -room),  ^2.00  net. 

Nancrede's  Principles  qf  Surgery. 

Lectures  on  the  Priuciplc-s  of  Surgery,  By  Chas.  B.  Nancrede,  M.  D., 
LL,  D.,  Professor  of  Surgery  and  of  Clinical  Surgery,  University  of 
Michigan,  Ann  Arbor.  Octavo,  398  pages,  illusiraied.  Cloth,  |2. 50  net. 

Norris's  Syllabus  of  Obstetrics.    ThM  E^^Mon.  Revbed. 

Syllabus  of  Obsteirii.al  Lectures  in  the  Mcdiral  Department  of  the 
University  of  Pennsylvania.  By  RtCTiARif  C.  Norris,  A.  ^^,  M.  D.» 
Insinicior  in  Obstetrics  and  I.ecturer  on  Clinical  and  Operative  Obstet- 
ricb.  University  of  Pennsylvania.  Crown  o<ia\o,  222  pages.  Cloth, 
inierleavetl  for  notes,  ji.oo  net. 

Ogden  on  kht  Urine. 

tlmiiiil  r.xaminaiion  of  the  Urine  and  Urinary  Diagnosis.  A  Clinical 
Ouiilc  for  the  Use  of  Practitioners  and  Students  of  Medicine  and  Sur- 
gery. Bv  J.  Hkkp.f.n  Or.DEX,  M.  D.,  Instructor  in  Chemism-,  HariTird 
Medical  Sthool.  Handsome  octavo.  416  l>agcs,  with  54  ilhistrations 
and  a  number  of  colored  plates.      Cloth,  $3.00  net. 

Penrose's  Diseases  of  Women.    Fourth  E^ution,  Renwd. 

A  Test-Book  of  ^>i^ea^'^  of  Women.  By  Chakles  B.  Penrose.  M.D., 
Pit.  D.,  formerly  Professor  of  (lynecology  in  the  University  of  Penn- 
sylvania.     Octavo   volume   of  539   pages,    32\    illitstrations.      Cloth, 
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Pye's  Banda^iu^ 

Elementary  Bandaging  and  Surgical  Dressing.  With  Directions  con- 
cerning the  Immediate  Treatment  of  Cases  of  Emergency.  By  Walter 
Pye,  F.  R.  C.  S.,  late  Surgeon  to  St.  Mary's  Hospital,  London.  Small 
izmo,  over  80  illustrations.     Cloth,  flexible  covers,  75  cts.  net. 

Pyle's  Personal  Hy^ene. 

A  Manual  of  Personal  Hygiene.  Proper  Living  upon  a  Physiologic 
Basis.  Edited  by  Walter  L.  Pyle,  M.  D.,  Assistant  Surgeon  to  the 
Wills  Eye  Hospital,  Philadelphia.  Octavo  volume  of  344  pages,  fully 
illustrated.     Cloth,  I1.50  net. 

Raymond's  Physiology.     R^^l.'StSa^ffl^.d. 

A  Text-Book  of  Physiolc^.  By  Joseph  H.  Ravmond,  A.  M.,  M.  D., 
Professor  of  Physiology  and  Hygiene  in  the  I^ng  Island  College 
Hospital,  and  Director  of  Physiology  in  Hoagland  Laboratory,  New 
York.     Octavo,  668  pages,  443  illustrations.     Cloth,  $3.50  net. 

Robson  an?  Moynihan's  Diseases  ef  the  Pancreas. 

Diseases  of  the  Pancreas.  By  A.  W.  Mayo  Robson,  F.  R.  C.  S., 
Leeds,  Senior  Surgeon  to  Leeds  General  Infirmary ;  Emeritus  Pro- 
fessor of  Surgery,  Yorkshire  College;  and  B.  G.  A.  Moynihan,  M.  B., 
F.  R.  C.  S.,  Assistant  Surgeon  I,«eds  General  Infirmary;  Demonstrator 
of  -Vnatomy,  Yorkshire  College.  Handsome  octavo  of  300  pages, 
illustrated.     Cloth,  $o.co  net. 

Salinger  anS  Kalteyer's  Modem  Medicine. 

Modem  Medicine-  By  Julius  L.  Salinger,  M.  D.,  Demonstrator  of 
Clinical  Medicine,  Jefferson  Medical  College ;  and  F.  J.  Kaltever, 
M.  D.,  Assistant  Demonstrator  of  Clinical  Medicine,  Jefferson  Medical 
College.     Handsome  octavo,  801  pages,  illustrated.     Cloth,  $4.00  net. 

Saundby's  Renal  an?  Urinary  Diseases. 

Lectures  on  Renal  and  Urinary  Diseases.  By  Rorf.rt  Saundby,  M.  D. 
Edin.,  Fellow  of  the  Royal  College  of  Physicians,  Ixjndon,  and  of  the 
Koval  Mcdico-Chirurgical  Society ;  Profes.sor  of  Medicine  in  Mason 
College,  Birmingham,  etc.  Octavo,  434  pages,  with  numerous  illustra- 
tions and  4  colored  plates.      Cloth,  $2.50  net. 

Saunders*  Medical  Hand-Atlases. 

See  Pages  17.  18,  and  19- 

Saunders*  Pocket  Medical  Formulary,  sixth  Edition.  Revised. 

By  William  M.  Powell,  M.  D.,  author  of  "Essentials  of  Diseases  of 
Children";  Member  of  Philadelphia  Pathological  Society,  Contain- 
ing 1844  forniulEe  from  the  best-known  authorities.  With  an  Appendix 
containing  Posological  Table,  Formula  and  Doses  for  Hyiiodermic 
Medication,  Poisons  and  their  Antidotes,  Diameters  of  the  Female  Pelvis 
and  Fetal  Head,  Obstetrical  Table,  Diet  Lists,  Materials  and  Drugs 
useti  in  Antiseptic  Surgery.  Treatment  of  Asphyxia  from  Drowning,  Sur- 
gical Remembrancer,  Tables  of  Incomijatibles,  Eruptive  Fevers,  etc.,  etc. 
In  flexible  morocco,  wiih  side  index,  wallet,  and  flap.     $2.00  net. 


Saunders'  Question-Compends.    see  Pa^e  16. 
Scudder's  Fractures.    Third  Edition.  Rcvued. 

The  Treatment  of  Kraitures.     Ky  (.has.  I..  Scuddf.r,  M.  D.,  .^isian! 
in  Clinical  and  Operative  Surgery,  Harvard  t^niversity  Medical  Sthooi 
Octavo,  460  pages,  with  nearly  600  oriffinal  illustrations.      Polished 
Riickraiiv  net ;    Half  Moro*  ro,  net. 

Sena's  Genito-Urinar>^  Tuberculosis. 

Tubeiculosis  of  the  Geaiio-l'rinary  Organs,  Male  and  Female.  Hy 
N11.H1.H.AS  Sknn,  M.  I).,  Ph.  I>,,  IJ-  D..  lYofessor  of  Siirgcr)',  Riiai 
Medical  College,  Chicago.  Handsome  octavo  volume  of  310  pages, 
illustrated.     Cloth,  $3.00  net. 

Senn's  Practical  Surgery. 

l*ractical  Surgery.  By  Nicholas  Senn,  M.  D.,  Ph.  D.,  IX.  P.,  Pro- 
fessor of  Surgery,  Rush  Mediiat  College,  Chicago.  Otla^o,  1133 
(Kiges,  643  lllustration».  Cloth,  f6.oo  net;  Sheep  or  Half  Morocco, 
$7.00  net.     By  Subscn^tioH. 

Senn's  Syllabus  qf  Surgery. 

-V  Syllal'iis  of  Lectures  on  ihc  I'mctice  of  Surgery,  arranged  in  con- 
roniiiiy  with  "An  American  Text-Book  of  Surgerv."  Bv  Nicholas 
Senn.  M.  I).,  Pit.  I).,  LL.  D.,  Professor  of  Surgery.  Rush  Medical  Col- 
lie, Chicago.     Cloth,  $1.50  net. 

Senn's    Tumors.       second  Edition.  Revi>«4. 

Pathology  and  Surgical  Trcatmcnl  of  Tumoni.  By  Nicholas  Silvs,  M.  !>., 
Ph.  IJ..  LK.  n..  Professor  of  Surgery,  Rush  Medical  College,  Chicigo. 
Handsome  octavo  volume  of  71S  |jages,  with  478  illustrations,  im  hiding 
12  fiill-page  plates  in  colors.  Cloth,  j;5. 00  net;  Sheep  or  Half  Morocco, 
(6. 00  net. 

Sollmann's  Phannacolo^. 

A  Text-Book  of  Phamiacolo^ry  :  inc  ludingTherapeiilics,  Materia  Mcdica, 
Pharmacy,  Pre^ription-Writing,  Toxicology,  cic.  By  Torald  Sotx- 
MANN,  M.  D.,  ;\ssisuint  Professor  of  Pharmacology  and  Materia  Medica, 
Western  Resene  University,  Cleveland,  Ohio.  Handsome  Octavo, 
894  pages,  fully  illustrated.     Cloth,  S3. 75  net. 

Starr's  Diets  for  infants  at^  Children. 

Uiet-s  for  Infants  and  C  hildrcn  in  Health  and  in  Disease.  By  Louis 
Starr,  M.  !>.,  Kdilor  of  "An  American  Tcxt-Book  of  the  Diseases  of 
Children."  130  blanks  (pocket-book  size),  perforated  and  neatly  bound 
in  flexible  morocro.     51.25  net. 

Stelwagon's  Diseases  ef  iht  Skin. 

I>iseases  of  the  Skin.  Hy  Henrv  W.  Stu.waghn,  M.  I>.,  Clinical  Pro- 
fessor of  Hermatology,  Jefferson  Medical  College,  Philadelphia.  Royal 
octavo,  over  1000  i>ages,  with  over  joo  tcxt-cnls  and  26  colored  plates. 
Cloth,  J6.00  net;  Slwcp  or  Half  Morocco,  JI7.00  net. 


14  MEDICAL  PUBLICATIONS 


1 


Stengel's   PatholO^.      TUrd  edition.  Thofoutfl4r  Rerbed. 

A  Text-Book  of  Pathology.  By  Alfred  Stengel,  M.  D.,  Professor  of 
Clinical  Medicine,  University  of  Pennsylvania ;  Visiting  Physician  to 
the  Pennsylvania  Hospital.  Handsome  octavo,  873  pages,  nearly  400 
illustrations,  many  of  them  in  colors.  Cloth,  J5.00  net;  Sheep  or  Half 
Morocco,  J6.00  net. 

Stengel  adt  White  on  the  Blood. 

The  Blood  in  its  Clinical  and  Pathological  Relations.  By  Alfred 
Stengel,  M.  D.,  Professor  of  Clinical  Medicine,  University  of  Penn- 
sylvania ;  and  C.  Y.  White,  Jr.,  M.  D.,  Instructor  in  Clinical  Medicine, 
University  of  Pennsylvania.     In  Press. 

Stevens' Therapeutics.    ,Jg£?^5fS^"|S^. 

A  Text-Book  of  Modern  Therapeutics.    By  A.  A.  Stevens,  A.  M.,  M.  D., 
Lecturer  on   Physical   Diagnosis   in    the   University  of  Pennsylvania. 
Handsome  octavo  volume  of  about  550  pages.     Cloth,  jto.oo  net. 

Stevens'  Practice  sS  Medicine,    rath  edition.  Re^Md. 

A  Manual  of  the  Practice  of  Medicine.  By  A.  A.  Stevens,  A.M., 
M.  D.,  Lecturer  on  Physical  Diagnosis  in  the  University  of  Pennsyl- 
vania. Specially  intended  for  students  preparing  for  graduation  and 
hospital  examinations.  Post-octavo,  519  pages;  illustrated.  Flexible 
Leather,  52.00  net. 

Stewart's  PhysioIo£K*    rowifa  Edition.  ReviMd. 

A  Manual  of  Physiology,  with  Practical  Exercises.  For  Students  and 
Practitioners.  By  G.  N.  Stewart,  M.  A.,  M.  D.,  D.  Sc,  Professor  of 
Physiology  and  Histology,  Western  Reserve  University,  Cleveland, 
Ohio.  Octavo,  894  i>ages ;  336  illustrations  and  5  colored  plates. 
Cloth,  S3. 75   net. 

Stoney's  Materia  Medica  for  Nurses. 

Materia  Medica  for  Nurses.  By  the  late  Emit.v  .\.  M.  SroNEv,  Superin- 
tendent of  the  rraining-School  for  Nurses,  Carney  Hospital,  South  Bos- 
ton, Mass.      H;tiulsoiiie  octavo  volume  of  306  {>ages.      Cloth,  J1.50  net. 

Stoney's    Nursing.       second  Edition,  Revised. 

Practical  Points  in  Nursing.  For  Nurses  in  Private  Practice.  By  the 
late  IOmu.v  A.  M.  Stonkv,  Superinteudent  of  the  Training-School  for 
Nurses,  Carney  Hospital,  South  Boston,  Mass.  456  pages,  with  73 
engravinf,'s,  and  8  colored  and  half-tone  plates.      Cloth,  Si. 75  net. 

Stoney's  Surgical  Technic  for  Nurses. 

Itacteriologv  and  Surgical  Technic  for  Nurses.      Ky  the  late  E.mii.v  A.  M. 

SioNKV,  Superintendent  oftheTraining  School  for  Nurses,  Carnev  Hosp., 
South  Boston,  Mass.     i2mo  volume,  fully  illustrated.    Cloth,  $1.25  net. 

Thomas's   Diet   Lists,      second  Edition,  Revised. 

Diet  Lists  and  Sick-Room  Dietary.  By  Jfrome  B.  Thomas,  M.  D., 
Visiting  Physician  to  the  Home  for  Friendleirs  Women  and  Children 
and  to  the  Newsboys'  Home  ;  Assistant  A'isiting  Physician  to  the  Kings 
County  Hospital.     Cloth,  $1.25  net.     Send  for  sample  sheet. 


OF  W.  B.  Sjii/MDEJiS  &•  CO. 


15 


Thornton's  Dose-Book  and  Prescription-Wriiin^. 

SecoDd  E:ditioi],  Rsvued  uid  Enlarged. 

Dose-Book  and  M.inii.il  of  Prescription  \\riting.  By  E.  Q.  Thorntok, 
M.  D.,  Uenioiiilrtilor  of  rhcrapculirs,  JcfTcrson  McdirnI  College,  Phila. 
Post-octavo,  .;')3  pa(;LS.  illustrated.     I-IcxjIjIc  Leather,  $1.00  net. 

Vecki's  Sexual  Impotence,     nurd  cdhion.  R«vis«d  and  Eniugod. 

The  Pathology  and  Trcitment  of  Sexual  Impotence-  Uy  Victor  G. 
Vkcki,  M.  D.  Froni  the  swoiul  (icrmaii  edition,  revised  ant!  cnlaT;ged. 
Demi-octavo,  ,529  pages.     Cloth,  $2.00  net. 

Vierordt's  Medical  Dia^osis.     romth  Edition,  R«viifHi. 

Mudical  Diaf^no^is.  Jiy  Ur.  Oswald  ViEROiUiT,  Profesiior  of  Medicine, 
Univci^ity  of  Heidelberg.  Translated,  with  additions,  from  the  fifth 
enlarged  German  edition,  with  the  author's  permission,  by  KRAsas  H. 
Stuart,  A.  M.,  M-  1).  Hand-some  octavo  voUimc,  603  pages;  194 
wood-cuts,  many  of  them  in  colon.  Cloth^  94.00  net^  Sheep  or  Half 
Morocco,  #500  net, 

Watson's  Handbook  for  Nurses. 

A  Handbook  for  Nurses.  By  }.  K.  Watson,  M.  D.  F,din.  American 
K(htion,  under  supervision  of  A.  A.  Stf.vens,  A,  M,,  M,  D.,  Lecturer 
on  Physical  Diagnosis,  University  of  Petinsylvanta.  iznio,  413  pages, 
73  illi^trations.     Cloth,  I1.50  net. 

Warren's  Siurgical  Pathology.     s«cond  E<Btk>D. 

Surgical  Pathology  and  'Jhcrapcutics.  By  John  Cni.T.iN-s  Warbkx, 
U.D.,  LL.  n.,  F.  R.  C.S.  (Hon.),  Professor  of  SLngery,  Har\ard 
Mediiail  S<!hoo!.  Handsonie  octavo,  873  pages;  136  relict' and  litho- 
graphic il  lust  rat  ion.>i,  33  in  colors.  With  an  Appendix  on  ^ienii6c 
Aids  10  Surgii  al  Diagnosis,  and  a  scries  of  ariicles  on  Regional  Bacte- 
riolog}-.     Cloih.  S5.00  net;   Sheep  01;  Half  Morocco,  (;6.oo  net. 

Warwick  arid  Tunstall's  First  Aid  to  the  Injured  and 
Sick. 

Firet  Aid  to  the  Injured  and  Siclt.  By  F.  J.  Warwick,  B.  A.,  M.  B., 
Cantab.,  M.  R.  C  S.,  Surgeon-Captain,  Volnnicer  Medical  Swff  Corps, 
London  Companies;  and  A.  C.  Tlin-^hi-L.  M.D.,  F,  R.C.  S.  Ed., 
Surgeon- Captain  toninmiiding  East  London  Volunteer  Brigade  Bearer 
Contpany-    t6mo,  332  pages ;  nearly  300  illiBtrationit.    Cloth,  y i.oo  net. 

Wolfs  Examination  qf   Urine. 

A  Haiulbook  of  Physiologic  (  hfiinsirv  and  Crinc  Fxaminalion.  By 
Cu-V*.  <',.  L.  WoLK,  M.  D.,  Instructor  in  Physiologic  Chemistry.  ComcH 
University  Medical  College,  larao,  304  pages,  illustrated.  Cloth,  $1.2$ 
net. 


saunders' 
que:stion-compend  serie^s. 

Price,  Clotfi.  Sl.OO  net  per  copy,  except  when  otherwise  noted. 


'  Where  (he  work  of  prepatiDK  sludenti'  maniub  is  to  end  we  cannot  **y,  but  the  Saunden  Seiic*, 
in  our  opinion,  htart  off  the  palm  at  preaeol." — AVru  Kuri  Medical  Rirard. 


1.  EuentiAli  of  Phyiiology.     By  Sidney  Budceit.  M.  D.    A  N^w  Work. 

2.  CuentiAb  of  Surgery.     By  Edward  Martin,  M.D.    Seventh  editkm,  revised,  with 

an  Appendix  and  a  chapter  on  Appendicitis. 

3.  EuentiaU  of  Anatomy.     By  Charles   B.   Nancrede,   M.  D.     Sixth  edition,  tbor< 

uughly  revised  and  enlarged. 

4.  Euenlieli  of  Me<Hc«l  Cheniitiy.  Orguik:  and  Inorgenk:.    By  Lawrence  Wolff^ 

M.  D.      Fifth  edition,  revised. 

5.  Euentiab  of  Obitotrics.    By  W.  Easterly  Ashton,  M.  D.     Fifth  edition,  revised 

and  enlai^ed. 

A.   Euentiab  of  VaAaXutg  end  Morbid  Anatomy.    By  F.  J.  Kalteyer,  M.  D.     Jn 
preparation. 

7.  Cuentials  of  Materia  Medica,  Therapeiilict,  and  Ptesci^tion-Writintf.   By  Henry 

Morris,  M.  D.     Fifth  edition,  teviscd. 

8,  9.   Euentiab  of  Practice  of  Modidne.     By  Henry  Morris,  M.  D.    An  Appendix 

un  Urine  Examination.  By  Lawrence  Wolff,  M.  D.  Third  edition,  enlai^cil 
by  some  300  Essential  Formulae,  selected  from  eminent  authorities,  by  Wu.  M. 
Powell,  M.  D.     (Double  number,  (1.50  net.) 

10.  Etsentiab  of  Gynecology.     By  Edwin  B.  Cragin,  M.'D.    Fifth  edition,  revised. 

11.  Esaentiab  of  Diseaaea  of  the  Skin.     By  Henry  W.  Stelwagon,  M.  D.     Founh 

edition,  revised  and  enlarged. 

IX   Etsentiab  of  Minor  Surgery,  Bandaging,  and  Venereal  IHseates.    By  Edwari* 
Martin,  M.  D.     Second  edition,  revised  and  enlarged. 

13.  Euentiab   of   Legal   MeAdne.  Toidcology.  and   Hygiene.    This  volume  is  at 

[vesent  out  of  print. 

14.  Enentiab  of  Diseases  of  tfw  E^re.     By  Edward  Jackson,  M.  D.    Third  edition. 

revised  and  enlarged. 

15.  Essentiab  of  Diseases  of  Childrcp.   By  William  M.  Powell,  M.  D.   Third  edition. 

16.  Eisenliab    of    Examination    of    Urine.     By    Lawrenci^   Wolff,   M.  D.      Colored 

'•  VoGEL  ScALK."      (75  cents  net.) 

17.  Essentials  of  Magnosis.     By  S.   Solis-Coken,   M.  D.,  and  A.   A.  Eshner,  M.D. 

Second  edition,  thoroughly  revi«d. 

18.  Euentiab    of    Practice    of    Pharmacy.     By   Lucius    E.   Savre.     Second   edition. 

revised  and  enlarged. 

19.  Etsentiab  of  Diseases  of  tlie  Note  and  ThroaL     By  E.  B.  Gleason,  M.  D.     Third 

edilion,  revised  and  enlarged. 

20.  Euentiab  of  Bacteriology.     By  M.  V.  Ball,  M.  D.     Fourth  edition,  revised. 

21.  Essentiab  of  Nervous  Diseases  and  Insanity.     By  John  C.  Shaw,  M.D.     Third 

edition,  revised. 

23.    Essential)  of   Medical   Physics.     By  Frkd  J.   Brockway,  M.D.     Second  edition, 

revised. 

23.  Euentlals  of  Medical  Electricity.     By  David  D.  Stewart,  M.  D.,  and  Edward 

S.  Lawrance,  M.  D. 

24.  Essentials  of   Diseases  ot   tiie  Ear.     By  £.   H.  Gluson,  M.  I).     Third   edition. 

reviM-d   iniii   f^rciilly  enlarged. 

25.  Eiientialt  of  HUtoIogy.      Hy  1ah;is  Lf.ROY,  M.  M.      .Second  edition,  rcvi>ed.      With 

85  orifjinal  illu^trutions. 

I'anijililct  cuntuirung  specinicn  pages,  i:tc.,  sent  free  upon  upplicatiun. 

16 


Saunders'  Medical    Hand-Atlases. 


VOLUMES    NOW    READY. 

Atlas  and  Epitome  of  Internal  Medicine  and  Clinical 
Diagnosis. 

By  Dk.  Chk.  Jakou,  gf  Erlangen.     Edited  by  AuG';sn;s  A.  Eshner,' 
M.  11,,  Professor  of  Clinical  Medicine,  Philadelphia  Polyclinic.     Wiih 
183  colored  li^ures  on  6S  jilales,  64  lex t-iUiislral ions,  259  pages  of  text. 
Cloth,  S3. 00  net. 

Atlas  of  Legal  Medicine. 

By  Dk.  E.  R.  vus  IIofMANS,  of  Vienna.  Edited  by  Fredkrick 
Petkrson",  M.  D.,  Chief  of  Clinic,  Nervous  Dcpanment.  College  of 
Physicians  and  Surgeons,  New  York.  With  120  colored  figures  on  56 
plates  and  19^  beautiful  hxtlf-tone  ilUistraiions.     Cloth,  $$$0  net. 

Atlas  and  Epitome  of  Diseases  of  the  Larynx. 

By  L>R.  L.  GRUNWAi.D,  of  Munich.  Kditcd  by  CHAKLt:s  P.  (Jkayson, 
M.  D.,  Physici.in- in -Charge,  Throat  and  Nose  tX*[>artinfni,  Hosjiit:i]  of 
the  Univernity  of  Pennsylvania.  With  107  coloird  figures  on  44  plates, 
25  text-illustrations,  and  103  pages  of  text.     Cloth.  ^12.50  net. 

Atlas  and  Epitome  of  Operative  Surgery. 

Second  Edttion,  Thorou^ly  Revised  and  Ciefttly  Enlarged. 

By     I)K.     ().      /l  (  KLKKAM'I  ,     o(     \  ielltU.  Kdltcd      by     J.     ClIALMtKS 

DaCosta.  M.  v.  .  Professor  of  Principles  of  Surgery  and  of  Chnical  Sur- 
gery, Jefferson  Medical  College,  Phila.  With  40  colored  plates,  278 
text -ill  list  nitiuns,  and  410  |>a^es  of  text.     Cloth,  jlJ-50  net. 

Atlas   and   Epitome    of    Syphilis    and   the   Venereal 
Diseases. 

By  Prof.  Dk.  Fkanz  MbavT-x,  of  Vienna.  Edited  by  L.  Boi.TON 
Bangs,  M.  D.,  Professor  of  (icni to-Urinary  Surgery,  University  and 
Bellevue  Hospital  NIedical  College,  New  York.  VN'ith  71  colored 
plates,  16  illustrations,  and  123  |>ages  of  text.     Cloth,  ^3.50  net. 

Atlas  and  Epitome  of  External  Diseases  of  the  Eye. 

By  1>K.  tJ.  IIaah,  til'  /,iiri.;h.  IMucd  by  G.  H.  hk  .Vhwkimtz,  M.  L>., 
Profi-ssor  of  Ophthalmolog>',  JefleRon  Medical  College,  Phila.  With  76 
.  oloreil  figures  on  40  [ilaio  .  228  pages  of  text.     Cloth,  S3.00  net. 

Atlas  and  Epitome  of  Skin  Diseases. 

By  Pkof.  Dk.  1'ka.nz  Mractk,  of  Vienna.  Edited  by  Henbv  W.  Stel- 
WAGOM,  M.  D.,  Clinical  Professor  of  I>eniialology,  Jefferson  Medic»l 
College,  Philailclphia.  With  ("13  (xilorcd  platc^,  39  half-tone  illwrtni- 
lions,  and  200  pages  of  text.     Cloth,  3(3.50  net. 

Atlas  and  Epitome  of  Special  Pathological  Histology. 

Hy  L»K.  H  l)Lki«;,iif  Mimii  h  lidiicd  by  i.ri.vii.  1Ukii>(\.  M  H, 
Professor  of  Pathology,  Ku-Ji  Medical  College,  Chi'ago.  in  "Iwo  Parts. 
Part  I.,  including  Circulatory,  Respiratory,  and  I'^uitro- intestinal  Tracts, 
120  colored  figures  on  62  plates,  15S  [iages  of  text.  Part  II.,  im  Imlin^ 
Liver,  Urinary  Organs,  Sexual  Organs,  Nervous  Systetn,  Skin,  Muscles, 
and  Bones,  113  colorcii  figures  on  60  plates,  and  192  |>agc-s  of  icxi. 
Per  part :  Cloih,  j:3.oo  net. 

»7 


Saunders'  Medical  Hand-Atlases. 

VOLUMES  JUST  ISSUED. 

Atlas  and  Epitome  of  Diseases  Caused  by  Accidents. 

By  Dr.  Ed.  Golebikwski,  of  Berlin.  Translated  and  edited,  with 
additions,  by  Pearce  Bailey,  M.  D.,  Attending  Physician  to  the  Etepart- 
ment  of  Corrections  and  to  the  Almshouse  and  Incurable  Hospitals, 
fiew  York.  With  40  colored  plates,  143  text-illustrations,  and  ^49 
pages  of  text.     Cloth,  $4.00  net. 

Atlas  and  Epitome  of  Gynecology. 

By  Dr.  O.  Schaeffer,  of  Heidelberg.  J^rcm  the  Second  Revised  Ger- 
man Edition.  Edited,  with  additions,  by  Richard  C.  Norris,  A.  M., 
M.  D.,  Gynecologist  to  the  Methodist  Episcopal  and  the  Philadelphia 
Hospitals ;  Surgeon-in -Charge  of  Preston  Retreat,  Philadelphia.  With 
90  colored  plates,  65  text-illustrations,  and  308  pages  of  text.  Cloth, 
J3.50  net. 

Atlas  and  Epitome  of  the  Nervous  System  and  its 
Diseases. 

By  Prof.  Dr.  Chr.  Jakob,  of  Erlangen.  From  the  Second  Revised  ami 
Enlarged  Gertnan  Edition.  Edited,  with  additions,  by  Edward  D. 
Fisher,  M.  D.,  Professor  of  Diseases  of  the  Nervous  System,  University 
and  Bellevue  Hospital  Medical  College,  N.  Y.  With  83  plates ;  copious 
text.     Cloth,  ^3.50  net. 

Atlas  and  Epitome  of  Labor  and  Operative  Obstetrics. 

By  Dr.  O.  Schaeffer,  of  Heidelberg.  From  the  Fifth  Revised  and 
Enlarged  German  Edition.  Edited,  with  additions,  by  J.  Clifton 
Edgar,  M.  D.,  Professor  of  Obstetrics  and  Clinical  Midwifery,  Cornell 
University  Medical  School.  With  126  colored  illustrations.  Cloth, 
Jt2.oo  net. 

Atlas  and  Epitome  of  Obstetric  Diagnosis  and  Treat- 
ment. 

By  Dr.  O.  Schaeffer,  of  Heidelberg.  From  the  Seeond  Re%>ised  and 
Enlari^nl  German  Edition.  Edited,  with  additions,  by  J.  Clifton 
Edgar,  M.  1).,  Professor  of  Obstetrics  and  Clinical  Midwifery,  Cornell 
University  Medical  School.  72  colored  |)lates,  text-illustrations,  and 
<opioiis  text.      Cloth,  S3. 00  net. 

Atlas  and  Epitome  of  Ophthalmoscopy  and  Ophthal- 
moscopic Diagnosis. 

By  Dr.  O.  Haah,  of  Zurich.  From  the  Third  Rerised  and  Enlarged 
Grrman  Edition.  Kdited,  with  additions,  by  0.  E.  dk  Schweinttz, 
M.  !>.,  Professor  of  Ophthalmology,  Jefferson  Medical  College,  Phila- 
delphia. With  152  colored  figures  and  82  pages  of  text.  Cloth,  $3.00 
net. 

additional  volumes  in  preparation. 


Saunders'  Medical  Hand-Atlases. 


VOLUMES   JUST   ISSUED. 

Atlas  and  Epitome  of  Bacteriology. 

Including  a  Ilaiid-Hook  of  Spfctai  Bai-ienologk  Dia^^nosis.  By  Pkor. 
l>k.  K.  H.  I.EHMAN'N  iiml  IJ«.  R.  O.  Nki:m.*nn,  of  Wilrzburg.  A>vw 
tht  Sfi^oHii  Enlarged  ttH'l  Kei'isfd  Gt'rman  Edition.  Edited,  with  addi- 
tions, bv  t;.  H.  Weavlr,  M.  I>.,  Assistant  IVofcatior  of  I'atholo^  and 
liattfrioli^-y.  Rush  Medical  t'ollcgc,  Chicago.  In  Two  I'ans.  Pan  I., 
consisting  of  632  colored  illustrations  on  69  lithographic  plates.  Part  II., 
consisting  of  51 1  pagesof  text,  llluslmteil.     iVr  |>art :  Cloth,  (2.50  net. 

Atlas  and  Epitome  of  Otology. 

liy  l»k.  (Ju^iAv  llKLiii-,  of  Hcihn,  with  the  tollaloration  of  Prof.  Dr. 
h.  PoiJTZER,  of  Vienna,  Kdiied,  with  additions,  by  S.  MALCi;iiN 
Smith.  M,  D.,  Clinical  Professor  of  Otologi,'.  Jefferson  Medical  Collie, 
Philadelphia.  J44  colored  figures  on  jy  pbies,  99  text-cuth,  and  292 
liages  of  text.     I'loth,  5ji  00  net. 

Atlas  and  Epitome  of  Abdominal  Hernias. 

lly  Privatdoiient  Dr.  Gfdri-.  Siitan,  of  fJuttin^en.  F.ditcd.  with 
additions,  by  Wii.mam  B.  ("oi.ev,  CImital  lecturer  on  Jiurgery,  Colum- 
bia L'nivcr>ity  (College  of  Phj-sidan--  and  Surgeons").  New  York  :  Sur- 
geon to  the  (ieiicral  Mrniorial  IIo^pitat,  New  York.  With  43  colored 
fiaurts,  on  1(6  plates,  100  ievl-nii'».  ami  250  imge^  of  lexl.      In  Prrss, 

Atlas  and  Epitome  of  Fractures  and  Luxations. 

By  Prof.  Dr.  H.  HelpeR[cm,  of  Clreifswald.  Wited.  with  additions,  by 
Joseph  C.  Bt.iK)r>r;oi>p.  Assot:iatc  in  Surgery,  Johns  Hopkins  University, 
Baltimore.     With  215  colored  figures  on   72  plates,  144  text-cuts,  42 

skiagraphs,  and  over  300  pages  of  text.      //;  Press. 

Atlas  and  Epitome  of  Diseases  of  Mouth.  Throat,  and 

Nose. 

By  Dr.  L.  CikiJNWAi.ii.  of  Munich.  Fn*tH  the  Seforui  Retised  and 
Enlarged  German  Edition,  l-^ited,  with  additions,  by  Jamf.s  E.  New- 
comb,  M.  D.,  Clinical  Instructor  in  l.ari'ngology,  Cornell  University 
Medical  School.  With  42  colored  ligtires,  39  trxt-cutj^  and  235  pages 
of  text,     in  Press. 

Atlas  and  Epitome  of  Normal  Histology. 

liy  i'KivAiiHXKNT  Dh.  |.  SiiwHiA.  of  Wiir/biiFg.  Failed,  with  addi- 
tions, by  G.  Caru  HfHF.R,  M.  D.,  Junior  Professor  of  Anatomy  and 
Director  of  the  Histological  Ial)oralory.  Univereity  of  Michigan.  With 
80  colored  figures  and  68  textcuta  from  the  original  of  W.  Krcytag,  and 
275  f>ages  of  text. 

Atlas  and  Epitome  of  Operative  Gynecology. 

By  Dr.  CXskar  .Si'H\KH-rK.  Pri\atdoccni  ai  ihc  Cnivcr^ity  of  Hcidcl- 
l)erg.  ^Vith  42  colored  figurts  and  21  icxl-cuts  from  the  original  of  A. 
Schmilson,  and  1 35  [lages  of  text. 
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NOTHNAG£L'S  ENCYCLOPEDIA 

or 

PRACTICAL  MEDICINE 

AMERICAN  EDITION 

CifilBd  by  ALFRED  STENGEL,  M.D. 

PnfntOT  of  Clinic*!  Medicine  in  tb«  UDirenitj  of  Penniylvuik;  Vithiag 
Pbyiician  to  tlia  Pcmurtraaia  HMpiul 

rr  is  universally  acknowledged  that  the  Germans  lead  the  world  in  Internal 
Medicine  ;  and  of  all  the  German  works  on  this  subject,  Nothnagel's  "  Sped- 

elle  Pathologic  und  Therapie  "  is  conceded  by  scholars  to  be  without  question 
the  best  Syitetn  of  MedidiM  in  exbtenco.  So  necessar>'  is  this  book  in  the  study 
of  Internal  Medicine  that  it  comes  largely  to  this  country  in  the  original  German. 
In  view  of  these  facts,  Messrs.  W.  B.  Saunders  &  Company  have  arranged  with 
the  publishers  to  issue  at  once  an  authorized  American  edition  of  this  great  ency- 
clopedia of  medicine. 

For  the  present  a  set  of  ten  volumes,  representing  the  most  practical  part 
of  this  excellent  encyclopedia,  and  selected  with  especial  thought  of  the  needi 
f>f  ttie  pracrtical  phyridan,  will  be  published.  These  volumes  will  contain  the 
real  essence  of  the  entire  work,  and  the  purchaser  will  therefore  obtain  at  less 
than  half  the  cost  the  cream  of  the  original.  Later  the  special  and  more  strictly 
sdentific  volumes  will  be  offered  from  time  to  time. 

The  work  will  be  translated  by  men  possessing  thorough  knowledge  of  both 
English  and  German,  and  each  ▼ohnne  will  be  edited  by  a  pfoainent  ipeciaErt 
on  the  subject  to  which  it  is  devoted.  It  will  thus  be  brought  thoroughly  up  to 
date,  and  the  American  edition  will  be  more  than  a  mere  translation  <rf  the  Ger- 
man ;  for,  in  addition  to  the  matter  contained  in  the  original,  it  will  represent  the 
veiy  lateat  vievn  of  the  leading  American  and  English  ipedalisti  in  the  various 
departments  of  Internal  Medicine.  The  whole  System  will  be  under  the  ^i- 
torial  supervision  of  Dr.  Alfred  Stengel,  who  will  select  the  subjects  for  the 
American  edition,  and  arrange  for  the  editing  of  the  different  volumes. 

Unlike  most  encyclopedias,  the  publication  of  this  work  will  not  be  extended 
over  a  number  of  yenn,  but  five  or  six  volume:^  will  be  issued  during  the  coming 
year,  and  tlie  remainder  of  the  series  at  the  same  rate.  Moreover,  each  volume 
will  be  revised  to  the  date  of  its  publication  by  the  eminent  editor.  This  will 
obviate  the-  objection  that  has  heretofore  existed  to  systems  published  in  a  number 
of  volumLS,  since  the  subscriber  will  receive  the  complett-d  work  while  the  earlier 
volumes  are  still  fresh. 

The  usual  method  of  publishers,  when  issuing  a  work  of  this  kind,  has  been 
to  compel  physicians  to  take  the  entire  System.  This  seems  to  us  in  many  cases 
to  be  undesirable.  Therefore,  in  purchasing  this  encyclopedia,  physicians  will  be 
given  the  opportunity  of  subscribing  for  tlie  entire  .System  at  one  time ;  but  any 
single  volume  or  any  number  of  volumes  may  be  obtained  by  those  who  do  not 
desire  the  complete  series.  This  latter  method,  while  not  so  profitable  to  the  pub- 
lisher, often  to  the  purchaier  many  advaota^ei  which  will  be  appreciated  by  those 
who  do  not  care  to  subscribe  for  the  entire  work  at  one  time. 

This  American  (edition  of  Notlniaj;e!'s  Encyclopedia  will,  without  question, 
form  tfw  greatest  Syitem  of  Medicine  ever  produced,  and  the  publishers  are  con- 
fident that  it  will  meet  w\Xh  general  favor  in  the  medical  profession. 
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NOTHNAGEL'S 
ENCYCLOPEDIA   OF   PRACTICAL  MEDICINE. 

AMERICAN    EDITION. 

VOLUMES   lUST   ISSUED   AND  IN   PR£SS. 


TYPHOID  AND  TYPHUS  FEVERS.     Hy  im.  H.  Cursciimann.  of  I^ii»ic. 

H-Htu<,  WUliom  0»ler.  M.D.,   T.R.C.P..  Pnif<"oi-  of  (he   Principlr*  aiMl  (Vsclicc  of 

Mr>lii-tnc  in  Jmiin  lIui'kiiL"  Liiivtt^jtv,  Haiti  mi 'fir.  M»]id»in>c  uciavu,  64(1  [jiigra, 
72  <ralMftl>k  lexc  illuMriUinti*,  nn<i  two  lHh(]gn^>hic  platro-  Ooth,  ^5.00  net;  Half 
Miiriicio.  S^.OO  net.     _/<"/    fif-'Jy. 

VARIOLA  (incliiJini:  VACCINATlONi.  Uy  D*.  II.  Immumann.  nf  Bxsli:.  VARI- 
CELLA. Hv  \i\i  1  pf  \.>\  Ji■«(;t^^fi^,  o(  Tiibinjten.  CHOLERA  ASIATICA 
:'i>'l  CHOLERA  NOSTRAS.  ^r  I-*"-  ^-  Lik»ru£i»ii  f,  oi  Iiii.i>>:<ru.  ERY- 
SIPELAS 'nl  ERYSIPELOID.  Ity  Uk.  H  Lknhabt/,  of  Hwni-urg.  PER- 
TUSSIS  An.    HAY-FEVER.     V-y    L»l»    O.  Sthtckr.  of  Giewen. 

K'iii>  I .  Sir  J.  W.  Moo<«.  B.A.,  M.D.,  F.R.C.P.I.,  FrDfcMot  0/  ilic  Hmciiw  of  Mrrfi- 
ciiie.  Kiival  Colici;!:  ot  Su'i;c"iis  Irclam).  MnniNunM:  rKtavw  u(  682  pug**,  illflSiraicd. 
(Tl.itli,  <vUOUct;    llAtf  M.KuCk'o,  td.au  net.     JhH  Ktady. 

DIPHTHERIA.      An   oiijinal    ariiclr   l.v  Wirt.UM    V.  XoBTHRt'l'.   M.lL.of  Xew   York. 
Meulei.  Scarlet   Fov«r.  Rothdn.       Ity  I'R.  111.   VOH  JClnitNskX.  of  TDIOnKeii. 
K'liiiir.  WtUiftfn  P.  Noithntp,  M.  D..  IVoffi^nr  of  rrdialrics,  UniTeiulTUKl  Uellcvm 
Medical  College.  N.  V.      Handfu^me  'Kluvo,  672  i>uj{e».  illuMnilMl.  IDcIudiiit:  24  full- 
[agp  |j[iiH>»,  3  ill  i-iilon,      t'Kiih,  Jj-co  net;    Hull   Moidcco,  |b.oo  net.     J»\l  He-tdy. 

DISEASES  OF  THE  BRONCHL  Ifr  t>R,  V.  A.  IIoppmans.  of  I.npic.  DIS- 
EASES OF  THE  PLEURA.  By  Uk.  d.  Ruskshaum.  of  L'crlin.  PNEUMONIA. 
Ity  l>H.  K.  .VrriiK'  Ht.  >;\   Ma^'letmrg. 

EtliiiiT,  John  H.  Muwer.  M.  D..  I'r..fe»»»r  of  Climc«I  Mnliciiw,  UnivCTyily  of  Tennsyl. 
v«nin.  Ilaixixmic  I'cuvrj,  ;oo  \MirA.  7  lull-page  ItLhugtkpbi  in  colonk  Cloth,  ($.00 
n«t ;  Half  Mnnxxo,  Jhroo  net.    Jnsi  Ktady. 

DISEASES  OF  THE  LIVER.  Itv  Dkv  H.  4^inckk  anH  i;,  IU>n>K-KMVi  rx.  of  Ki«1. 
DISEASES  OF  THE  PANCREAS.  By  DR.  L.  Oser,  uf  Vivon*.  DISEASES 
OF  THE  SUPRARENALS.     I')  I'k-  t~  NKutsKR.of  Vipnna. 

IMbi'.r>,  Frvdeiick  A.  Packard,  M.D..  I'ltwician  ro  thr  I'cnna.  nm]  tliir  <-h>l(t(rn's 
HosiMlnK.  Iliila.  ;  a.,.!  Reginald  H.  Flht.  A.  M..  M.  D.,  HpT%ry  Prof  of  ihc  Theory 
nnd  l'r»<ikr '■I'  I'lij-^ic.  H.irvjul  LUiv.  Ilitnil!«jmc  ocUvo  of  750  p«){c>,  ilU»lnilc(l. 
Ckrth.  <^DO  net;  H&lf  Morocco.  96.00  net.    Jiut  Htady. 

INFLUENZA  AND  DENGUE.  Uy  Pk.  O.  LticHit:>srM!(.  of  CoU^nc.  MALA- 
RIAL DISEASES,     llv  l>(t.  J.  Mawauikc:.  of  \*jrnna. 

bdii^T.  Ronald  Rou,  F.R.C.S..  Eotf..  D.P.H.,  r.R.S.,  Major.  liidUn  .MrdioAl 
Service,    rt-tirij.l:     Waller    Myerv    l.*-cliirt'r,    I.irrqwvil    ScHiiol  of   1'ro)4cal    Mcitioiitc, 

I  tVff|Mii.l       i[,)ii<ii..>iii-'   ..^-tav>',  7f>i   i'i't;f!^.  7  lull  yA'^K  \\\Vt'%rj\\\^w  tul<i»>. 

ANEMIA.  LEUKEMIA.  PSEUDOLEUKEMIA.  HEMOGLOBIN EMIA.     H>  Dr.  P. 

E1IKI.IC11.  of  t'taitkibrt-on-t)!)-  M.uii.  I<ir  A  Jjk7ARt<«.  c^  Onii'ittcHhui^,  «iid  Dr, 
Fklix  riNKU$.  of  bcHir.  CHLOROSIS,  fiv  Un.  K.  vuN  NuoHb^s.  of  Frank* 
f(trt  o)i-the-M;iin. 

Editor.  Allrvd  Stm^el.  M.D.,  IVofeamr  of  Ctinicnl  Mcdkinc,  Uoivcratr  of  Ptnniyt- 

vaaia.     I[3ii<Uoiac  uciavo,  750  |<aers,  5  full'|)at;r  lilho|irRphs  in  colors. 

TUBERCULOSIS  AND  ACUTE   GENERAL   MILIARY   TUBERCULOSIS.     Hy 

liR.  (i.  L'uKNKr.  oi  Heiiiii. 

hdxot  u»  U?  luirti.unceil  Uier.      lIand-<Mnc  nctavo,  7C0  pagw. 

DISEASES  OP  THE  STOMACH.     Rv  \\%.  F   Rifjr.Ki.  of  GicsKn. 

1'Mii.ir.  CharW  G.  Stockton.  M.D..  IWe«&nr  of  Medidnc.  laiverwlf  of  Buffalo. 

g  ■,,  wiiii  ;q  icni  i-w'.'.  «iifl  ft  full  p4)>(^  (Jita. 


I  l.inil.ijtn-  u  mvi.  S>  1 


DISEASES  OF  THE    INTESTINES  AND    PERITONEUM.     By  Dr.  IIkrmann 

NiTIINA'.H  .  I'l'    Victllia 

E'l-l'-r.  Humphry  D.  RoUesfcon,  M.D..  F.lt.CP.,  t1iy«iebn  to  and  Ixctnrrr  on  Patho^ 
og)'  at  Si.  Gcorgc'k  llo9)Wul,  l.onduii.    t^Idn'bome  octoTo,  600  |iagc»,  finely  illuMra*^^* 
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CLASSIFIED  LIST 

or  THE 

MEDICAL   PUBLICATIONS 


or 


W.  B.  SAUNDERS  O  COMPANY 


ANATOMY,  EMBRYOUDGY, 
HISTOLOGY. 

Bithm,  Davldoff,  and  Hnber — Histology,  .     4 
01»rltl0n— A  Text- Book  of  Histology.  .    .     5 

HIijikM— A  Manual  of  Analomy 8 

H«lil«r— A  Text-Book  of  E^mbryology,  .   .     8 

I>«r07— Essentials  of  Histology 16 

HcOlaUan — Art  Anatomy 10 

HoOlellan— Regional  Anatomy,      ....  10 

Xuiereda — Essentials  of  Anatomy 16 

Muioredfr— Essentials   of     Anatomy    and 

Manual  of  Practical  Dissection 11 

8obott& — Atlas  of  Normal  Histology,    .    .  19 

BACTERIOIjOGY. 

Ball — Essentials  uf  Bacteriology 16 

Em — Bacteriologic  Technique 7 

FroUliBgluua — Liaboratory  Guide 7 

Oorbam — Laboratory  Bacteriology,  ...     7 
Lebmjjm  and  Nmimaju— Atlas  of  Bacte- 
riology   19 

ISTj  and  Klunpenr'l  Qinical  Bacteri- 
ology   10 

Hallorr  and  WrUcbt— Pathological  Tech- 
nique   10 

McFan&nd — Pathogenic  Bacteria 11 

CHARTS.  DIET-USTS,  ETC 

OrUDUl—ln&nt'sWeiehl  Chart 8 

Kaui— OpcTation  Blanlc 9 

Lalna—Tempcraiurn  Chart 10 

KtigB — Feeding  in  Early  Infancy 11 

Btur — Diets  for  Infants  and  Children,  .    .  13  : 

Thomaa— Diet- Lists 14  | 

CHEMISTRY  AND  PHYSICS. 

BroclEWay — Essentials  of  Medical  Physics,  16 
Jelllffe  and  Dlelcman— Ciiemistry,    ...     9 

Wolf — Urine  Eitamiiiation 15 

Wolffs  Essentials  of  Medical  Chemistry,  .  16 

CHILDREN. 

American  Text-BoDk  Di^.  of  Children,  .   .     i 

Orlfflth— Care  of  ihe  B.ibv B 

Ortfllth— Infant's  Weight  Chart, 8 

Meigs — Feeding  m  Eirly  Infancy n 

Powell  — Ks^enti^ls  of  Diseases  of  Children,  16 

Starr — Diets  for  Infants  and  Children,  ,    ,  13 

DIAGNOSIS. 

CDben  and  Eabner— Essentials  of  Diag- 
nosis   16 

Corwln — Physical  Diagnosis 5 

Tlerordt — Medical  Diagnosis 15 

DICTIONARIES. 

Tlie  American  Illustrated  Medical  Dic- 
tionary  3 

The  American  Pocket  Medical  Dictionary,      3 

Morten— Nurses'  Dictionary 11 


EYI^  EAR.  NOSE,  AND  THROAT. 

An  American  Text-Book  of  Diseases  of 

the  Eve.  Ear,  Nose,  and  Throat. ....     i 
BrUhlandPoUtter— .Atlas  of  Otology,     .  19 
DeBchwelnltl— Diseases  of  the  Eye,    .    .     t> 
FrledXtcBandCutla— Rhinoiogy,  Laryn- 
gology and  Otology 7 

meaaon— EssentialsofDiseasesofthe  Ear,  to 
OlMSOn — Ess.  of  Dis.  of  Nose  and  Throat.  16 

Ormdle— Ear,  Nose,  and  Throat 7 

Qrant — Surgery  of  Face,  Mouth,  and  Jaws,  8 
Orttnirald — Atlas  of  Mouth.  Throat,  and 

Nose 19 

aninwald — Atlas     of    Diseases     of     Ihe 

l.Mirynx 17 

Haab — Atlas  of  External  Diseases  of  the 

Eye. 

Haah — Adas  of  Ophthalmoscopy,  .    . 
JaOkicni— Manual  of  Diseases  of  the  Eye, 
Jaokaon— Elssentials  of  Diseases  of  Eye, 
^le— Diseases  of  the  Nose  and  Throat, . 

GENITOURINARY. 

An  American  Text-Book  of  Genito-'iii- 

nary  and  Skin  Diseases a 

Hyde  and  Montgomery— Syphilis  and  the 

Venerea]  Diseases 8 

MarUn — Esseml'tls    of    Minor    Suigery, 

Bandaging,  and  Venereal  Diseases,     .    .    16 
Mraoek— Atlas  of  Syphilis  and  the  Vene- 
rea!  Diseases ■    ■    I7 

Baundby — Renal  and  Urinary  Diseases.  .  .  13 
Bonn — Genito- Urinary  Tuberculosis.  ...  13 
TooU — Sexual  Impotence 15 


17 
18 

9 
16 
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GYNECOLOGY. 


American  Text-Book  of  Gynecology,   .   .  a 

Gratfln — Essentials  of  Gynecology 16 

Oairlimei— Diseases  of  Women 7 

,  Long — Syllabus  of  Gynecology, 10 

Penrose — Diseases  of  Women n 

Schaeffer— .Atlas  of  Operative  Gynecology,  in 

Bchaeffer^.\tlas  of  Gynecology,    ...  18 

HYGIENE. 

Abbott — Hygiene  ofTransmissible Diseases    4 

I  Bergey — Principles  of  Hygiene a 

,  Pyle — Personal  Hygiene la 

]  MATERIA  MEDICA,  PHARMACOL- 
I       OGY,  AND  THERAPEUTICS. 

American  Text-Book  of  Therapeutics,  .    .  i 
I  Butler— I'cxi-Book    of    Materia    Medica, 

rhcrapeutics,  and  Pharmacology,    ...  5 

Morrta— Elss.  ofM.  M.  and  Therapeutics,  lo 

Saunders'  Pocket  Medical  Formulary.  .    .  12 

aayre— Esientials  of  Pharmacy 16 

Bollmann— Text-Book  of  Pharmacology,  .  13 

Btevena — Manual  of  Therapeutics,    ...  14 

Stoney — Materia  Medica  for  Nurses,   .    ,  14. 

i  Thornton- Prescription-Wridng 15 


MEDICAL  PUBLICATIONS  OF  W,  B.  SAUNDERS  Sf  CO.  23 


MEDICAL  K^RISPRUDENCE  AND 
TOXIOXOGY. 

r**^|""B*^ — Medical  Jurisprudence  and 
Toxicology 5 

OrOUwrs— Morphinism 6 

Oolablevikl — Atlas  of  Diseases  Caused  by 
Accidents 18 

Hofhiann — Atlas  of  Legal  Medicine.  ...    17 

NERVOUS  AND  MENTAL 
DISEASES*  ETC 

Broirer — Manual  of  Insanity. 5 

Obapln — Compendiurn  of  Insanity,    ...  5 
ChOTcb  uidPctanoB— Nervous  and  Men- 
tal Diseases 5 

Jakob — Atlas  of  Nervous  System,  .        .    .  18 
Ibair — Essentials  of  Nervous  Diseases  and 

Insanity 16 

NURSING. 

Davis— Obstetric  and  Gynecologic  Nursing,  6 

OrUnUl— The  Care  of  the  Baby 8 

HMffl — Feeding  in  Early  InEancy 11 

Morten — Nurses'  Dictionary 11 

Btenej— Materia  Medica  for  Nurses,     .    .  14 

■toner — Practical  Points  in  Nursing,     ,    .  14 

Stonoy — Surgical  Technic  for  Nurses,    .    .  14 
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